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1.0 INTRODUCTION 

David Evans and Associates Inc. (DEA) conducted a precision multibeam and single-beam 
bathymetric survey of the Portland Harbor, from Willamette River Mile (RM) 1.9 to RM 11.8 and 
extending down the Multnomah Channel to the Sauvie Island Bridge. The survey occurred 
between March 6, 2018 and June 15, 2018. The purpose of the survey was to develop a full 
coverage, bank to bank to the extent practicable, accurate site-wide base map of riverbed elevations 
in the portion of the Lower Willamette River that includes the Portland Harbor Superfund Site. 
The work was conducted for AECOM/Geosyntec on behalf of the Pre-Remedial Design AOC 
Group to support the Pre-Remedial Design and Baseline Sampling studies.  Survey data results 
were used to develop updated map products and a terrain model difference analysis against the 
prior surveys of the Portland Harbor. The data collection and processing methods followed the 
procedures used by DEA for similar surveys of the Portland Harbor. This hydrographic survey 
report covers staff, equipment, datums, methodology, and quality procedures employed to satisfy 
the bathymetric component of the site characterization. 

2.0  DATUMS AND SURVEY CONTROL 

To provide surveys relative to the current datums used in the National Spatial Reference System 
(NSRS) and provide a baseline data set for future surveys, this survey used current realizations of 
horizontal and vertical datums that supersede previous datums. 

The horizontal datum used for this survey is the North American Datum of 1983, 2011 realization, 
EPOCH:2010.00 (NAD83 [2011]) projected to the State Plane Coordinate System (SPCS) – 
Oregon North Zone, with units in International Feet. Time stamps used for all data records are 
based on Coordinated Universal Time (UTC), which is equivalent to Greenwich Mean Time 
(GMT). 

The vertical datum for this survey is the North American Vertical Datum of 1988 (NAVD88) using 
the National Geodetic Survey (NGS) separation model Geoid 2012b, which converts NAD83 
(2011) ellipsoid heights obtained from Global Navigation Satellite System (GNSS) receivers to 
NAVD88 orthometric heights. Prior surveys used separation models Geoid 2003 and Geoid 2009 
applied to NAD83/91 ellipsoid heights to obtain NAVD88 orthometric heights. Geoid 2003 and 
Geoid 2009 separation are essentially the same model over the Portland Harbor area. These models 
have been superseded by a more accurate separation model, Geoid 12b, to be used with the current 
NAD83 (2011) ellipsoid elevations. 

The primary control for the survey was “DEMSI-BASE,” a permanently operating GNSS 
reference station at DEA’s Marine Services office in Vancouver, Washington. The reference 
station was one of the primary stations used to control the 2009 survey of the Portland Harbor 
conducted by DEA for the National Oceanic and Atmospheric Administration (NOAA), Office of 
Coast Survey (OCS). 

A control survey was conducted on control monuments RAINDEER and DEA 2100, used for prior 
Portland Harbor mapping efforts by DEA. The purpose of this control survey was to determine the 
difference between the horizontal and vertical datums used during previous Portland Harbor 
surveys using NAD83/91 and NAVD88 Geoid 2009; and the 2018 survey using NAD83 (2011) 
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and NAVD88 Geoid 12b. During the control survey, two temporary control points, designated as 
PH1 and PH2, were set for field position checks for hydrographic surveys and sediment sampling 
operations (Figure 1). Control point PH2 was for horizontal position only to be used for position 
checks by sediment sampling vessels. The point “DEMSI-CHECK” is an established check point 
at DEA’s Marine Services office established for conducting position checks using DEMSI-BASE. 
Field notes for the control survey are included in Appendix B. Results of the control survey are 
shown in Table 1. 

 
Table 1. Portland Harbor 2018 Control Survey Results 

 NAD83 (2011)  
NAVD88 

(Geoid12b) 
NAD83/91 

NAVD88 
(Geoid09) 

Control 
Point 

Northing 
(Int. Ft.) 

Easting 
(Int. Ft.) 

Elevation 
(Int. Ft.) 

Northing 
(Int. Ft.) 

Easting 
(Int. Ft.) 

Elevation 
(Int. Ft.) 

DEMSI-
BASE 

718172.703 7654431.050 73.579       

DEMSI-
CHECK 

718170.734 7654419.836 71.670  N/A  N/A N/A  

RAINDEER 722443.238 7614886.644 35.436 722442.340 7614886.290 35.530 

DEA 2100 678400.007 7645190.810 159.514 678399.547 7645190.577 159.600 

PH1 698702.464 7637426.371 33.379 N/A  N/A  N/A  

PH2 700967.870 7634507.670 N/A N/A  N/A  N/A  

 

The difference in horizontal and vertical datums for points RAINDEER and DEA 2100 are shown 
in Table 2. 

Table 2. Control Datum Differences 
 NAD83 (2011)-NAD83/91 NAVD88 Geoid12b-NAVD88 Geoid09 

Control Point ∆ Northing (Ft.) ∆ Easting (Ft.) ∆ Elevation (Ft.) 

RAINDEER 0.898 0.354 -0.094 
DEA 2100 0.460 0.233 -0.086 

 
 
Figure 1 illustrates the location of the control monuments relative to the Portland Harbor. 
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Figure 1. Portland Harbor 2018 Survey Control 

 
 

3.0  BATHYMETRIC SURVEYS 

3.1  Survey Area and Coverage 
The hydrographic survey covered Portland Harbor from RM 1.9 to RM 11.8 and extended down 
the Multnomah Channel to the Sauvie Island Bridge (Figure 2). The overall footprint of the 2018 
survey resultant model shown in Figure 2 covers 2,269.4 acres, of which 2,231.7 acres were filled 
with multibeam sonar coverage (98.3%) and traversed 32.5 nautical miles of shoreline. 

Although sonar signals to the side of the vessel can map under surface obstructions to a limited 
extent, there are areas without multibeam full coverage. Some of these areas are within the survey 
footprint while others are outside the survey footprint but within the target survey area. Coverage 
gaps are the result of the following: 
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 Bridge Piers, Marine Terminals, and other fixed structures which occupy the target survey 
area that fully block sonar signals; 

 Oil booms, low catwalks, docks, mooring lines and low hanging cables that restrict vessel 
access; 

 Ships and barges at berth or moored in the survey area; 
 Exposed and slightly submerged piling that restrict vessel access; and 
 Shallow water with long gradual slopes that restrict vessel access and limit acceptable sonar 

range. 
 

Large data gaps were surveyed where practicable with personal watercraft using single beam sonar 
to collect data along survey lines. These areas were then filled through interpolation methods 
between survey lines. All data in the resultant model were acquired by acoustic methods 
(multibeam or single beam). No supplemental lidar was used. 
 

 
Figure 2. Overview of Survey Area with Hillshade Image of Coverage 
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3.2  Vessels and Equipment 

3.2.1 Survey Vessels 
The primary vessel for this survey was the William R. Broughton (Figure 3). The Broughton is a 
modified Duckworth Offshore 24-foot aluminum hull vessel with twin 115-horsepower engines. 
The vessel is designed for safe and efficient hydrographic survey operations and equipped with 
dual VHF radios, radar, chart plotter, emersions suites, an Emergency Position Indicator Radio 
Beacon (EPIRB), and emergency offshore life raft. The vessel is inspected annually by a Marine 
Surveyor and meets all United States Coast Guard (USCG) requirements for a vessel of its class. 
For hydrographic operations, the vessel is equipped with an integrated navigation and data 
acquisition system, mounts for an integrated GNSS and inertial positioning and motion reference 
system, and custom mounts for the Reson SeaBat sonar heads (mounted port and starboard). 

 
Figure 3. Survey Vessel Broughton 

 
The secondary vessel for this survey was the River Hawk (Figure 4). The River Hawk is a modified 
19-foot aluminum hull shallow water vessel with a 105-horsepower primary engine with water jet 
propulsion, and a 15-horsepower secondary engine. The vessel is designed for safe and efficient 
hydrographic survey operations and equipped with a VHF radio, chart plotter, emersions suites, 
and emergency offshore life raft. The vessel is inspected annually by a Marine Surveyor and meets 
all USCG requirements for a vessel of its class. For hydrographic operations, the vessel is equipped 
with an integrated navigation and data acquisition system, mounts for an integrated GNSS and 
inertial positioning and motion reference system, and a custom mount for the Reson SeaBat sonar 
head. The River Hawk was used to extend coverage in tight areas behind wharfs and piers. 
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Figure 4. Survey Vessel River Hawk 

 
Supplemental soundings in shallow, tight areas were acquired using DEA’s custom outfitted 
Personal Watercraft (PWC) (Figure 5). DEA’s SeaDoo GTX 4-stoke PWCs are outfitted with 
Vartech submersible monitors, ATOM 12 Volt personal computers, Trimble SPS855 survey grade 
GNSS receivers, and Teledyne ODOM CV100 survey grade echosounders. 
 
All survey vessels used during this survey are owned by DEA and operated by DEA staff. 
 

 
Figure 5. PWC Survey Vessels 

 
3.2.2  Echosounder Systems 
The Broughton was outfitted with dual Teledyne Reson SeaBat T50-P precision multibeam sonars, 
mounted on either side of the survey vessel, and have an integrated Applied Microsystems 
Oceanographic (AML) Micro SV Xchange surface sound speed sensor. These sonars are capable 
of operating at frequencies between 200 and 400 kilohertz (kHz). For this survey, the sonars were 
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operated at a frequency of 350 kHz and recorded 512 soundings per sonar with each sonar ping 
over a nominal swath angle of 140 degrees (70 degrees to each side of the sonar). To maximize 
swath coverage and extend coverage up slope along the shoreline, the sonar heads were tilted 15 
degrees outboard while maintaining quality data. During shoreline runs, the swath was opened 
when mapping up slopes to maximize coverage. Using a wider swath angle on upslope looking 
beams has a high confidence level on steep slopes due to the high angle of incidence with the slope 
as opposed to a low angle of incidence at using the same beam angle on a flat riverbed. 
 
The River Hawk was outfitted with a Teledyne Reson 7101 precision multibeam sonar and has an 
integrated AML Micro SV Xchange surface sound speed sensor. This sonar operates at 240 kHz, 
and logs 511 soundings with each sonar ping. The sonar has a maximum swath angle up to 210 
degrees (105 degrees to each side of the sonar) and can be steered to map upslope from the sonar 
head to maximize shoreline coverage. 
 
The PWCs were outfitted with a Teledyne ODOM CV100 single frequency 200 kHz survey grade 
echosounder, and Teledyne ODOM SMSW200-4a 4-degree single-beam transducer. 
 
3.2.3  Position, Heading and Motion Reference Systems 
The Broughton and River Hawk were outfitted with a Position and Orientation System for Marine 
Vessels (POS/MV) 320 version 5 with GNSS and inertial reference system, which was used to 
measure attitude, heading, heave, and position. The system was comprised of an Inertial Motion 
Unit (IMU), dual frequency (L1/L2) GNSS antennas, and a data processor. A secondary Trimble 
SPS-855 RTK GNSS dual frequency (L1/L2) receiver was used to acquire height data relative to 
the vessel reference point at the water line. These data were used to reduce soundings to NAVD88 
elevations. The height data was acquired at a frequency of once per second to account for changes 
in water levels and settlement and squat of the vessel in the water when running at different speeds. 
Processing of this data is discussed in Section 5.1 Multibeam Data Processing. The POS/MV 
primary GNSS receiver and Trimble SPS-855 were provided Real-Time Kinematic (RTK) GNSS 
correctors from the reference station DEMSI-BASE through a cellular connection using a 
Networked Transport of Radio Technical Commission for Maritime Services (RTCM) via Internet 
Protocol (NTRIP). 
 
The Reson processor and Hypack acquisition computers provided a Pulse Per Second (PPS) and 
National Marine Electronics Association (NMEA) Global Positioning System Timing Message 
(ZDA) to achieve precise synchronization of sonar measurements with position and attitude data 
from the POS/MV. 
 
The POS/MV 320 is a 6-degree of freedom motion unit, with a stated accuracy of 0.05 meters or 
5% for heave and 0.02 degrees for roll, pitch, and heading. Real-time displays of the vessel motion 
accuracy were monitored throughout the survey with the POS/MV-View controller program. 
System settings were configured to monitor the vessel motion if accuracy degraded to greater than 
0.05 degrees root mean square (RMS). During the survey the vessel motion accuracy never 
exceeded 0.05 degrees. 
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3.2.4 Sound Speed Measurements 
An AML Micro SV sensor mounted on the starboard Reson T50-P and 7101 sonar head was used 
to input sound speed directly into the Reson processor. Speeds from the sensor were used in real-
time during acquisition for beam-forming on the T50-P’s flat array and beam-forming and steering 
the 7101 curved array. An AML Smart X Sound Speed, Pressure and Temperature (SVP&T) 
sensor was used as the primary water column sound speed sensor for all survey vessels. 
 

4.0 EQUIPMENT CALIBRATION AND SYSTEM VALIDATION 

4.1  Vessel Baseline Survey 
A baseline survey of the Broughton and River Hawk was performed prior to survey operations. No 
changes to sensor mounting points occurred following the vessel survey. The sensor offset values 
calculated during the baseline survey were used for the surveys under this project. Measurements 
from the baseline survey were entered into the CARIS Hydrographic Information Processing 
System (HIPS) vessel file (HVF).  
 
4.2  Draft Measurement and Bar Check Comparison (Static Draft Check) 
A multibeam bar check was performed before and after survey operations. This was done to 
confirm the draft of the multibeam transducer. The bar check was accomplished by lowering a flat 
plate below the sonar head to a known distance from the water surface. A sound speed cast was 
observed and applied to the processed multibeam data. The waterline was obtained by averaging 
the reading of draft marks labeled on either side of the vessel. Processed data from the multibeam 
bar checks are listed in Tables 3 and 4. All bar check observations meet project requirements as 
specified in the Bathymetric Survey Field Sampling Plan. 
  

Table 3. Broughton Bar Check Results Multibeam (Feet) 
Date 3/13/2018 3/13/2018 3/20/2018 3/20/2018 6/13/2018 6/13/2018 

Time (UTC) 1917 1931 2227 2223 2108 2110 

Vessel Broughton Broughton Broughton Broughton Broughton Broughton 

Sonar 
Starboard 

T50P 
Port 

 T50P 
Starboard 

T50P 
Port  

T50P 
Starboard  

T50P 
Port  

T50P 

Bar Depth 9.843 9.843 9.843 9.843 6.562 6.562 
Average 

Processed 
WL 

Corrected 
Depth: 

9.701 9.710 9.736 9.806 6.611 6.594 

Delta 0.142 0.133 0.107 0.037 -0.049 -0.032 
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Table 4. River Hawk Bar Check Results Multibeam (Feet) 
Date 4/10/2018 4/14/2018 

Time (UTC) 1556 0005 

Vessel River Hawk River Hawk 

Sonar 
Starboard  

7101 
Starboard  

7101 

Bar Depth 6.562 6.562 
Average Processed WL 

Corrected Depth: 
6.507 6.568 

Delta 0.055 -0.006 

 
A single-beam check was performed before and after survey operations. Because a tradition bar 
check is difficult to perform on the PWCs, single-beam data was recorded over an RTK GNSS 
point observed in shallow water on the river bed using the Trimble R10 GNSS rover and fixed 
height survey rod. These values were compared and are shown in Table 5. All observations meet 
project requirements as specified in the Bathymetric Survey Field Sampling Plan. 
 

Table 5. Single-beam Check Results (Feet) 
Date 6/14/2018 6/14/2018 6/15/2018 6/15/2018 6/15/2018 6/15/2018 

Time (UTC) 1658 1642 1625 1604 2348 0005 

Vessel PWC NX PWC NM PWC NX PWC NM PWC NX PWC NM 

Sonar 
ODOM 
CV100 

ODOM 
CV100 

ODOM 
CV100 

ODOM 
CV100 

ODOM 
CV100 

ODOM 
CV100 

R10 RTK 
Elevation 

9.24 9.14 8.40 8.74 6.19 6.10 

Single-beam 
Processed Depth 

9.20 9.10 8.50 8.70 6.10 6.10 

Delta 0.04 0.04 -0.10 0.04 0.09 0.00 

 
4.3  Independent Verification of Sonar Data 
An independent measurement of the river bed elevation was conducted to verify accuracies of 
acoustic measurements. A lead line depth was observed to obtain an independent seafloor elevation 
and compare to a fully processed multibeam seafloor elevation. The results from the individual 
lead lines are show in Table 6. All independent depth observation comparisons meet project 
requirements as specified in the Bathymetric Survey Field Sampling Plan. 
 

Table 6. Lead Line Results (Feet) 
Date 3/13/2018 3/13/2018 4/11/2018 

Vessel Broughton Broughton River Hawk 

Sonar T50P Starboard T50P Port 7101 

Lead Line Measurement 10.540 10.700 11.740 

RTK Water Surface Elevation 10.530 10.604 14.960 
      Riverbed Elevation (NAVD88) -0.010 -0.096 3.220 

Processed Sonar Elevation (NAVD88) 0.071 -0.079 3.177 

Delta -0.081 -0.017 0.043 
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Gridded data from the 2018 survey was compared to gridded data from the 2009 multibeam survey. 
The comparison was made in Multnomah Channel on cutoff bridge piers from the old Sauvie 
Island bridge. The comparison was within 0.00 feet on one pier and 0.08 feet on another pier, well 
within accuracy requirements for the project. Figure 6 shows the location and results of the 
comparison.  

 

 
Figure 6. Comparison to 2009 Survey on Old Cutoff Bridge Piers in Multnomah Channel 

 
 

4.4  Patch Test and Timing Latency 
Multibeam patch tests were conducted to measure alignment offsets between the IMU sensor and 
the sonar transducers and to determine time delays between the time-tagged sensor data. A precise 
timing latency test was performed by running a single line over a flat bottom with induced vessel 
motion. Roll alignment was determined by evaluating the reciprocal lines run over a flat bottom. 
The pitch tests consisted of sets of reciprocal lines located on a steep slope or over a submerged 
feature. The yaw error was determined by running parallel lines over the same area as the pitch 
tests. All lines were run at approximately 3 to 6 knots. Patch tests were run at the beginning and 
end of the mapping effort for each vessel or when there were changes made to equipment or sonar 
mounting. There were no changes to software and no sensor failures during the project that 
required additional patch tests. Tests were conducted near the project site in deep water and over 
a steep bank on the north end of the project.  
 
4.5 Vessel Position Checks 
Prior to deploying the survey vessels, the DEA crew performed a static position check by either 
detaching the vessel RTK GNSS antenna and placing it on a fixed height survey rod over a known 
survey monument or by connecting the vessel RTK GNSS system to the DEMSI-CHECK GNSS 
antenna. This process verifies correctors are being obtained and validates the geodetic parameters 
that are entered in the Hypack geodesy software. Position check deltas are shown in Table 7.  
 

Table 7. Vessel Position Check Results (Feet) 
Date Time (UTC) Vessel Check in Point ∆ Northing ∆ Easting ∆ Elevation 

3/13/2018 1650 Broughton DEMSI-CHECK 0.009 -0.003 -0.051
3/21/2018 1720 Broughton DEMSI-CHECK 0.016 -0.010 -0.044
4/10/2018 1515 River Hawk PH1 -0.010 -0.030 0.007
4/14/2018 0023 River Hawk PH1 0.015 0.016 0.043
6/13/2018 1719 Broughton DEMSI-CHECK 0.023 -0.001 -0.043
6/14/2018 1516 PWC NX PH1 -0.020 0.009 -0.035
6/14/2018 1525 PWC NM PH1 0.013 -0.051 -0.037
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Date Time (UTC) Vessel Check in Point ∆ Northing ∆ Easting ∆ Elevation 
6/14/2018 2256 PWC NX PH1 -0.010 -0.035 0.045
6/14/2018 2357 PWC NM PH1 -0.012 -0.060 -0.048
6/15/2018 1522 PWC NX PH1 -0.006 -0.008 -0.025
6/15/2018 1517 PWC NM PH1 0.015 -0.030 -0.017
6/15/2018 0030 PWC NX PH1 -0.002 0.000 0.010
6/15/2018 0027 PWC NM PH1 -0.010 -0.029 0.042

 
All position check observations meet project requirements as specified in the Bathymetric Survey 
Field Sampling Plan. 
 
4.6 Sound Speed Sensor Calibration 
DEA submits sound speed sensors for factory calibration annually. Appendix C contains factory 
documentation of recent calibrations for the sensors used for this survey. In addition, a comparison 
is made to other sensors periodically during the survey to validate that the sensors are operating 
within design parameters. 
 

5.0 DATA PROCESSING 

5.1  Multibeam Data Processing 
Processing of multibeam data was conducted utilizing CARIS HIPS version 9.1.10. The Trimble 
SPS-855 height data was reviewed in Hypack for data fliers (spikes) and a 30-second smoothing 
algorithm was applied to remove wave-induced motion, which is corrected in the heave records 
applied in CARIS. After editing and smoothing, height values were exported and applied to the 
multibeam data using the CARIS Generic Data Parser tool to convert soundings to NAVD88 
elevations. Sound speed profiles were used to correct slant range measurements and to compensate 
for any ray path bending. Patch test data were analyzed, and alignment corrections were applied 
during processing. Quality and swath filters were applied. These data were flagged as rejected and 
could be reaccepted during follow-on evaluation. Using the CARIS subset editor, sounding data 
were reviewed for quality and data flyers. Sounding data, including sonar beams reflecting from 
sediment in the water column, returns from aquatic life, or noise due to aeration in the water 
column, were carefully reviewed before being flagged as rejected. 
 
Gridded data sets were generated over the survey area using CARIS HIPS. To be consistent with 
prior surveys and take advantage of the high resolution multibeam bathymetric data, a uniform 1-
meter grid was created over the entire survey area from the underlying denser data set by assigning 
values to grid nodes using a swath-angle weighted algorithm.  
 
5.2  Single-beam Data Processing 
Processing of the single-beam data was conducted utilizing Hypack 2017A single-beam editor. 
GNSS height data was applied to adjust all depth measurements to NAVD88 elevations. The 
average sound velocity of the water column, entered in to the Teledyne ODOM CV100 
echosounder during data acquisition, was verified from the records of the sound speed profiler. 
Sounding and position data was reviewed and edited for data flyers. 
 
After the data was reviewed and edited, it was decimated to a density of approximately 0.5 feet in 
distance along the survey track line and exported from Hypack as an American Standard Code for 



Willamette River, Oregon 
RM 1.9-11.8 
Hydrographic Survey Report July 2018 

 

David Evans and Associates, Inc. - Marine Services Page 12 

Information Interchange (ASCII) point file, containing the Easting, Northing, and Elevation. Data 
integration and merging are discussed in Section 6. 
 
5.3  Cross-Line Sonar Beam Analysis – Accuracy Check  
A cross-line analysis of individual sonar beams was conducted to evaluate whether each sonar 
beam used met accuracy requirements for the project. Each multibeam sonar recorded 512 beams 
for each sonar ping spaced equal angular (even angle increments) covering a 70-degree swath to 
either side of nadir (vertical below the sonar). The swath width was filtered to 65 degrees to each 
side of nadir for a 130-degree swath width. As the sonar was roll stabilized, beams adjusted as the 
vessel rolled to maintain orientation with the river bed; beam selection for the 65-degree filter 
varied with vessel roll. The analysis was conducted to prove each of the sonar beams within the 
130-degree swath met accuracy requirements for the survey and involved running survey lines that 
cross orthogonal to the primary survey line pattern and comparing the soundings from individual 
sonar beams in the cross-line data to a finalized 1-meter grid from the main scheme lines. The 
United States Army Corps of Engineers (USACE) Hydrographic Survey Manual references typical 
repeatability (precision) requirements for maintenance dredging in water at depths 15-75 feet (the 
depth range for this survey) is 0.3 feet with a standard deviation at a 95% confidence level of +/- 
0.8 feet. Requirements in the Scope of Work called for the survey to meet plus or minus 0.30 feet 
at a 95% confidence level.  
 
Figure 7 depicts the results of this cross-line beam analysis for the dual sonars on the Broughton 
to document that all beams used from both sonars in the 130-degree swath (65 degrees per side) 
meet project requirements. 
 

 
Figure 7. Histogram of Broughton Cross-Line Beam Analysis 
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For the cross-line beam analysis for the River Hawk, cross-line data was compared to gridded data 
from the Broughton. Figure 8 depicts the results of this cross-line beam analysis to document that 
all beams used in the 130-degree swath (65 degrees per side) meet project requirements. 

 

 
Figure 8. Histogram of River Hawk Cross-Line Beam Analysis 

 
 
5.4  Cross-Line Difference Analysis – Precision Check 
To assess the precision of the multibeam survey, cross-line data were gridded at a 1-meter 
resolution, consistent with the resolution grid from the main survey lines. A difference analysis 
was conducted between the surfaces to verify the precision of the survey met project requirements.  
 
Figure 9 presents the full results of the analysis for the Broughton and documents that the survey 
meets project requirements for repeatability or mean difference (0.03 feet versus required 0.3 feet) 
and standard deviation at a 95% confidence level (+/- 0.02 feet vs +/- 0.3 feet).  
 
Figure 10 presents the full results of the analysis for the River Hawk cross-line compared to the 
Broughton main line and documents that the survey meets project requirements for repeatability 
or mean difference (0.01 feet vs required 0.3 feet) and standard deviation at a 95% confidence 
level (+/- 0.01 feet vs +/- 0.3 feet).  
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Figure 9. Broughton Cross-line versus Main Line Difference 

 

 
Figure 10. River Hawk Cross-line versus Broughton Main Line Difference 
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6.0  DATA INTEGRATION AND MAPPING 

The single-beam data was imported as XYZ point features into ESRI ArcGIS version 10.3.1. The 
multibeam gridded data was also imported in this manner, at a 1-meter resolution. The multibeam 
gridded data was also imported as a geotif raster. A statistical comparison was performed between 
overlapping single-beam points and the multibeam digital elevation model (DEM), with a mean 
difference of 0.13 feet and the standard deviation of the difference being 0.50 feet. Regions with 
larger differences between the single-beam and multibeam values were along the sloped banks, 
where accuracy in single-beam measurements is typically decreased and data from the multibeam 
is a grid node value from surrounding soundings.  
 
To ensure that the most accurate data was used to generate the combined DEM, single-beam data 
points were removed from areas where there was overlapping multibeam coverage (Figure 11).  

 
Figure 11. Multibeam 1-meter Grid (green) and Single-Beam Data (black) Point Data 

 

A triangulated irregular network (TIN) was generated from the combined multibeam and 
single-beam point data (Figure 12), and the TIN was then converted to a raster using linear 
interpolation and a 1-meter cell size. The red line is the extent of the multibeam coverage and was 
used as a soft break line with data outside of this line not used when generating the TIN. 
 
Contour lines, 2-foot minor and 10-foot major, were generated from the TIN surface. The raster 
was then exported in geotif format and imported into CARIS HIPS for the generation of hillshade 
imagery using a vertical exaggeration factor of two, a sun elevation angle of 55 degrees, and a sun 
azimuth of 0 degrees. For this survey, the entire reach of the survey is one data set and image. Due 
to the change in direction of the Willamette River, the sun elevation angle is higher than the normal 
45 degrees to minimize shadowing of features and along steep banks as the river changes course. 
Prior surveys were modeled by map sheet with each having independent illumination angle and 
direction. 
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Figure 12. TIN Generated from the Combined Multibeam and Single-beam Point Data 
 
Output files provided to client group include: a raster digital elevation model of the 2018 combined 
survey; contours with 2-foot minor and 10-foot major intervals; hill shaded relief maps color-coded 
by depth of the 2018 survey; and an ASCII file of all data points used in the combined TIN model. 
Data files are listed in Appendix A, Digital Data Catalog. 
 

7.0 COMPARISON TO 2004 SURVEY 

7.1  2004 Survey 
In March of 2004 a multibeam survey was collected by DEA for the Lower Willamette Group 
(LWG) which spanned RM 0 to RM 15.6. The data were provided in NAD83/91, Oregon North 
Zone, with units in International Feet, using a vertical datum of NAVD88 Geoid 03, and provided 
in .e00 format. The interchange files were converted in ArcGIS to ArcGrid format, and the 
individual grids from each survey sheet were merged using the “Raster to New Mosaic” tool. Data 
was adjusted -0.09 feet vertically to account for changes in the NAVD88 geoid model and using 
older ellipsoid heights relative to current, more accurate, models (see Datums and Survey Control, 
as well as Table 2). 
 
7.2 Methods for Comparison 
To compare the 2018 survey to the 2004 multibeam survey, the “Surface Difference” tool was 
used in QPS Fledermaus v.7.7.8, using the previous data as the reference data set and the 2018 
data as the comparison data set (i.e., 2018-Previous Survey). A scalar surface was generated 
containing X, Y, and the difference value. The surface was exported to floating point geotif format 
in NAD83 (2011). Oregon North Zone, with units in International Feet. 
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7.3  Difference Results 
Difference maps are available in the ESRI ArcGIS Database provided with this report. There is 
evidence of significant and extensive shoaling (> 10 ft) between RM 8.6 and RM 9.9 (Figure 13). 
This shoal area is adjacent to a deep hole to the east and is likely formed from back eddies  
depositing material as the current moves around the river bend and widens.  

 
Figure 13. RM 8.6 and RM 9.9 Surface Difference between the 2018 and 2004 Surveys 

 
There are also two smaller areas of significant shoaling between RM 10.5 and RM 10.6 and RM 
10.9 and RM 11.0 (Figure 14). These areas indicate a difference of up to 20 feet from the 2004 
survey and 25 feet from the 1990 survey. These areas of significant infill are likely from sediment 
migration into deeper holes likely formed from past dredging events.  
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Figure 14. RM 10.5 and RM 11.0 Surface Difference between the 2018 and 2004 Surveys  
 

Smaller areas where accretion has occurred roughly every half-mile are present between RM 4 and 
RM 8 (Figure 15). Some of these areas of infill are due to sediment migration into deeper holes 
likely from past dredging events. Other areas are found adjacent to small areas where erosion has 
occurred (on the scale of 3-5 feet) and are likely due to eddies as the current moves around the 
river bends in these areas. Evidence of dredging is also present in several small areas (RMs 3.7, 5, 
and 7.6, for example). 
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Figure 15. RM 4 to RM 8 Surface Difference between the 2018 and 2004 Surveys 

 

8.0 DELIVERABLES 

Deliverables were transmitted via a File Transfer Protocol (FTP) to the project client and included 
an ESRI ArcGIS digital database, project report, and map products. 
 

8.1 Hydrographic Survey Report 
A Hydrographic Survey Report documenting survey operations (this report) includes the 
following: 
 A description of the navigation system, including a statement of its estimated accuracy 

for the survey area; 
 A description of survey instrumentation; 
 A description of the survey vessel, including its size, sensor configuration, instrument 

set-backs, and navigation antennae locations; 
 A description of survey procedures;  
 Survey Logs documenting the survey; 
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 Documentation that the survey meets the required accuracy and guidance as set by the
USACE Manual EM 110-2-1003, November 30, 2013;

 Analysis of cross-lines and uncertainty;
 Data processing and integration;
 2004 survey differencing; and
 Description of deliverables.

8.2 Map Products 
Map products documenting the survey consisting of the following: 

 Basemap of the Willamette River from aerial imagery;
 Basemap data consisting of shoreline, dock features, and USACE navigation channel;
 Title block, legend, notes, coordinate graticules, north arrow, and scale bar;
 Contours with 2-foot minor and 10-foot major intervals; and
 Hill shaded relief maps color-coded by depth of the surveyed area.

8.3 ESRI ArcGIS Database 
An ESRI ArcGIS project file for the project was compiled and consists of the following: 

 Basemap of the Willamette River from aerial imagery;
 Basemap data consisting of shoreline (river edge), docks and structures, river miles, and

USACE navigation channel;
 Raster digital elevation model of the 2018 survey;
 Contours with 2-foot minor and 10-foot major intervals;
 Hill shaded relief maps color-coded by depth of the 2018 survey;
 Infrastructure, including streets and railroads;
 Map sheet layout polygons;
 Raster digital elevation model of the 2004 survey; and
 Difference surface comparing the 2018 survey to the 2004 survey.

8.4 Specific Deliverables 
Specific deliverables consist of the following: 

1. Map products are provided as PDF files suitable for printing.
2. Digital data, including:

• Electronic versions of ESRI ArcGIS compatible files;
• Metadata that conforms to the National Geospatial Data Policy; and
• Report in PDF format. 
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File
Portland_Harbor_2018_v10.3.mxd

Portland2018.gdb
Files Within Portland2018.gdb File Type Description
DIFFERENCE_2018_2004 Raster Dataset 2018 and 2004 Survey Difference
INFRASTRUCTURE_DocksandStructures Feature Class Basemap feature of Willamette River Docks and Shoreline Structures
INFRASTRUCTURE_NAVIGATION_CHANNEL Feature Class Basemap feature of Willamette River Navigation Channel
INFRASTRUCTURE_Railroads Feature Class Basemap feature of Willamette River Railroads
INFRASTRUCTURE_RiverEdge Feature Class Basemap feature of Willamette River Edge
INFRASTRUCURE_Rivermiles Feature Class Basemap feature of Willamette River Mile Markers
INFRASTRUCTURE_RM_Tenths_line Feature Class Basemap feature of Willamette River Tenth Mile Markers
INFRASTRUCTURE_Streets Feature Class Basemap feature of Willamette River Streets
Match_Line Feature Class Feature Used for Sheet Matching
PORTLAND2018_10ftContours Feature Class 2018 10‐ft Major Contour Lines
PORTLAND2018_2ftContours Feature Class 2018 2‐ft Minor Contour Lines
PORTLAND2018_Survey Raster Dataset 2018 Multibeam and Single Beam Combined Surface Digital Elevation Model
PORTLAND2018_Survey_Hillshade Raster Dataset 2018 Sun‐Illuminated Hillshade Imagery
PRIOR_2004_corrected Raster Dataset 2004 Multibeam Survey
SHEET_1 Feature Class Sheet 1 Boundary
SHEET_2 Feature Class Sheet 2 Boundary
SHEET_3 Feature Class Sheet 3 Boundary
SHEET_4 Feature Class Sheet 4 Boundary
SHEET_5 Feature Class Sheet 5 Boundary
SHEET_6 Feature Class Sheet 6 Boundary

Description
ArcGIS 10.3+ compatible MXD document

ArcGIS File Geodatabase

2018 Portland Harbor Digital Data Catalog
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GPS STATION
OBSERVATION

LOG
April 16, 2003

Station Designation:        (check applicable:__ FBN__ CBN__ PAC__ SAC __BM) Station PID, if any: Date (UTC):

General Location: Airport ID, if any: Station 4-Character ID: Day of Year:

Project Name: Project Number:
GPS-

Station Serial # (SSN): Session ID:(A,B,C etc)

NAD83 Latitude
         o           ‘                       “

NAD83 Longitude
          o           ‘                      “

NAD83 Ellipsoidal Height
meters

NAVD88 Orthometric Ht.
meters

GEOID99 Geoid Height
meters

Agency Full Name:

Operator Full Name:

Phone #: (           )

e-mail address:

Observation Session Times (UTC): Epoch
Sched. Start ________ Stop ________ Interval=____ Seconds

Elevation
Actual  Start ________ Stop ________ Mask = _____ Degrees

Receiver Brand & Model:

P/N:
S/N:
Firmware Version:

� CamCorder Battery,   � 12V DC,   � 110V AC,   � Other

Antenna Code*, Brand & Model:

P/N:
S/N:
Cable Length, meters:

Vehicle is Parked _____ meters ____(direction) from antenna.

Antenna plumb before session? (Y / N)
Antenna plumb after session? (Y / N)
Antenna oriented to true North? (Y / N)
Weather observed at antenna ht. (Y / N)
Antenna ground plane used? (Y / N)

Antenna radome used? (Y / N)
Eccentric occupation (>0.5 mm)? (Y / N)
Any obstructions above 10o? (Y / N)
Radio interference source nearby (Y / N)

Circle
Yes or No

 -If no,
explain

“

If yes,
describe.

Use 
Vis. form

Tripod or Antenna Mount:  Check one:
� Fixed-Leg Tripod,        �  Collapsible-leg tripod     � Fixed Mount
Brand & Model:
P/N:
S/N:
Last Adjustment date:

Psychrometer (if used) Brand & Model:

P/N:
S/N:
Last Calibration or check Date:

** ANTENNA HEIGHT ** Before Session Begins:
Meters           Feet

After Session Ends:
Meters           Feet

A= Datum point to Top of Tripod    (Tripod Height)

B=Additional offset to ARP if any (Tribrach/Spacer)

H= Antenna Height   = A + B
    = Datum Point to Antenna Reference Point (ARP)

 Meters = Feet x (0.3048)   Note &/or sketch ANY unusual conditions.
Height Entered Into Receiver = _______ meters.  Be Very Explicit as to where and how Measured!

Barometer (if used) Brand &
Model:

S/N:

Weather
Data

Weather
Codes 

Time
(UTC)

Dry-Bulb Temp
Fahrenheit   Celsius

WetBulb Temp
Fahrenheit   Celsius

Rel. % 
Humidity

Atm. Pressure
inches Hg   millibar

Before

Middle

After

Remarks, Comments on Problems, Sketches, Pencil Rubbing, etc:

Weather codes are required. Weather data are optional but encouraged.   *Antenna code comes from ant_info file furnished by project coordinator.

Data File Name(s):

(Standard NGS Format = aaaaddds.xxx)
where aaaa=4-Character ID, ddd=Day of Year, s=Session ID, xxx=file dependant extension

Updated Station Description: � Attached    � Submitted earlier
Visibility Obstruction Form: � Attached    � Submitted earlier
Photographs of Station: � Attached    � Submitted earlier
Pencil Rubbing of Mark: � Attached

LOG CHECKED
BY:

Table of CODE PROBLEM VISIBILITY TEMPERATURE CLOUD COVER WIND

Weather 0 did not occur Good, over 15 miles Normal, 32o F- 80o F Clear, below 20% Calm, under 5mph (8km/h)

Codes 1 did occur Fair, 7-15 miles Hot, over 80oF  (27 C) Cloudy, 20% to 70% Moderate, 5 to 15 mph

2 - not used - Poor, under 7 miles Cold,  below 32o F (0 C) Overcast, over 70% Strong, over15 mph (24km/h)

Examples:  00000 = No problem, good visibility, normal temp, clear, calm wind       12121 =  Problems,  poor visibility,  hot, overcast,  moderate wind

http://www.ngs.noaa.gov/PROJECTS/GPSmanual/data.htm#obslog
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/equipment.htm#receiver
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/equipment.htm#antenna
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/equipment.htm#tripod
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/equipment.htm#wxgear
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/equipment.htm#wxgear
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/observations.htm#antenna
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/observations.htm#wxgear
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/data.htm#format
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/data.htm#recovery
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/data.htm#visibility
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/data.htm#pencilrub
http://www.srh.noaa.gov/elp/wxcalc/wxcalc.shtml
http://www.ngs.noaa.gov/PROJECTS/INSTRUCTIONS/photos/Digital_Photo_Requirements.pdf
Joe.Evjen
Text Box
NOTE:  This form intended for field use. Unsolicited data submitted to NGS must be converted to bluebook format.

dtm
Text Box
0.000

dtm
Text Box
0.00

dtm
Text Box
0.000

dtm
Text Box
0.00



Photo of Monument 2100 

 

 

 

   



Photo of Monument 2100 

 

GNSS Setup on RAINDEER 

 



GPS STATION
OBSERVATION

LOG
April 16, 2003

Station Designation:        (check applicable:__ FBN__ CBN__ PAC__ SAC __BM) Station PID, if any: Date (UTC):

General Location: Airport ID, if any: Station 4-Character ID: Day of Year:

Project Name: Project Number:
GPS-

Station Serial # (SSN): Session ID:(A,B,C etc)

NAD83 Latitude
         o           ‘                       “

NAD83 Longitude
          o           ‘                      “

NAD83 Ellipsoidal Height
meters

NAVD88 Orthometric Ht.
meters

GEOID99 Geoid Height
meters

Agency Full Name:

Operator Full Name:

Phone #: (           )

e-mail address:

Observation Session Times (UTC): Epoch
Sched. Start ________ Stop ________ Interval=____ Seconds

Elevation
Actual  Start ________ Stop ________ Mask = _____ Degrees

Receiver Brand & Model:

P/N:
S/N:
Firmware Version:

� CamCorder Battery,   � 12V DC,   � 110V AC,   � Other

Antenna Code*, Brand & Model:

P/N:
S/N:
Cable Length, meters:

Vehicle is Parked _____ meters ____(direction) from antenna.

Antenna plumb before session? (Y / N)
Antenna plumb after session? (Y / N)
Antenna oriented to true North? (Y / N)
Weather observed at antenna ht. (Y / N)
Antenna ground plane used? (Y / N)

Antenna radome used? (Y / N)
Eccentric occupation (>0.5 mm)? (Y / N)
Any obstructions above 10o? (Y / N)
Radio interference source nearby (Y / N)

Circle
Yes or No

 -If no,
explain

“

If yes,
describe.

Use 
Vis. form

Tripod or Antenna Mount:  Check one:
� Fixed-Leg Tripod,        �  Collapsible-leg tripod     � Fixed Mount
Brand & Model:
P/N:
S/N:
Last Adjustment date:

Psychrometer (if used) Brand & Model:

P/N:
S/N:
Last Calibration or check Date:

** ANTENNA HEIGHT ** Before Session Begins:
Meters           Feet

After Session Ends:
Meters           Feet

A= Datum point to Top of Tripod    (Tripod Height)

B=Additional offset to ARP if any (Tribrach/Spacer)

H= Antenna Height   = A + B
    = Datum Point to Antenna Reference Point (ARP)

 Meters = Feet x (0.3048)   Note &/or sketch ANY unusual conditions.
Height Entered Into Receiver = _______ meters.  Be Very Explicit as to where and how Measured!

Barometer (if used) Brand &
Model:

S/N:

Weather
Data

Weather
Codes 

Time
(UTC)

Dry-Bulb Temp
Fahrenheit   Celsius

WetBulb Temp
Fahrenheit   Celsius

Rel. % 
Humidity

Atm. Pressure
inches Hg   millibar

Before

Middle

After

Remarks, Comments on Problems, Sketches, Pencil Rubbing, etc:

Weather codes are required. Weather data are optional but encouraged.   *Antenna code comes from ant_info file furnished by project coordinator.

Data File Name(s):

(Standard NGS Format = aaaaddds.xxx)
where aaaa=4-Character ID, ddd=Day of Year, s=Session ID, xxx=file dependant extension

Updated Station Description: � Attached    � Submitted earlier
Visibility Obstruction Form: � Attached    � Submitted earlier
Photographs of Station: � Attached    � Submitted earlier
Pencil Rubbing of Mark: � Attached

LOG CHECKED
BY:

Table of CODE PROBLEM VISIBILITY TEMPERATURE CLOUD COVER WIND

Weather 0 did not occur Good, over 15 miles Normal, 32o F- 80o F Clear, below 20% Calm, under 5mph (8km/h)

Codes 1 did occur Fair, 7-15 miles Hot, over 80oF  (27 C) Cloudy, 20% to 70% Moderate, 5 to 15 mph

2 - not used - Poor, under 7 miles Cold,  below 32o F (0 C) Overcast, over 70% Strong, over15 mph (24km/h)

Examples:  00000 = No problem, good visibility, normal temp, clear, calm wind       12121 =  Problems,  poor visibility,  hot, overcast,  moderate wind

http://www.ngs.noaa.gov/PROJECTS/GPSmanual/data.htm#obslog
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/equipment.htm#receiver
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/equipment.htm#antenna
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/equipment.htm#tripod
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/equipment.htm#wxgear
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/equipment.htm#wxgear
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/observations.htm#antenna
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/observations.htm#wxgear
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/data.htm#format
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/data.htm#recovery
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/data.htm#visibility
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/data.htm#pencilrub
http://www.srh.noaa.gov/elp/wxcalc/wxcalc.shtml
http://www.ngs.noaa.gov/PROJECTS/INSTRUCTIONS/photos/Digital_Photo_Requirements.pdf
Joe.Evjen
Text Box
NOTE:  This form intended for field use. Unsolicited data submitted to NGS must be converted to bluebook format.

dtm
Text Box
1.997

dtm
Text Box
6.55

dtm
Text Box
1.997

dtm
Text Box
6.55
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GPS STATION
OBSERVATION

LOG
April 16, 2003

Station Designation:        (check applicable:__ FBN__ CBN__ PAC__ SAC __BM) Station PID, if any: Date (UTC):

General Location: Airport ID, if any: Station 4-Character ID: Day of Year:

Project Name: Project Number:
GPS-

Station Serial # (SSN): Session ID:(A,B,C etc)

NAD83 Latitude
         o           ‘                       “

NAD83 Longitude
          o           ‘                      “

NAD83 Ellipsoidal Height
meters

NAVD88 Orthometric Ht.
meters

GEOID99 Geoid Height
meters

Agency Full Name:

Operator Full Name:

Phone #: (           )

e-mail address:

Observation Session Times (UTC): Epoch
Sched. Start ________ Stop ________ Interval=____ Seconds

Elevation
Actual  Start ________ Stop ________ Mask = _____ Degrees

Receiver Brand & Model:

P/N:
S/N:
Firmware Version:

� CamCorder Battery,   � 12V DC,   � 110V AC,   � Other

Antenna Code*, Brand & Model:

P/N:
S/N:
Cable Length, meters:

Vehicle is Parked _____ meters ____(direction) from antenna.

Antenna plumb before session? (Y / N)
Antenna plumb after session? (Y / N)
Antenna oriented to true North? (Y / N)
Weather observed at antenna ht. (Y / N)
Antenna ground plane used? (Y / N)

Antenna radome used? (Y / N)
Eccentric occupation (>0.5 mm)? (Y / N)
Any obstructions above 10o? (Y / N)
Radio interference source nearby (Y / N)

Circle
Yes or No

 -If no,
explain

“

If yes,
describe.

Use 
Vis. form

Tripod or Antenna Mount:  Check one:
� Fixed-Leg Tripod,        �  Collapsible-leg tripod     � Fixed Mount
Brand & Model:
P/N:
S/N:
Last Adjustment date:

Psychrometer (if used) Brand & Model:

P/N:
S/N:
Last Calibration or check Date:

** ANTENNA HEIGHT ** Before Session Begins:
Meters           Feet

After Session Ends:
Meters           Feet

A= Datum point to Top of Tripod    (Tripod Height)

B=Additional offset to ARP if any (Tribrach/Spacer)

H= Antenna Height   = A + B
    = Datum Point to Antenna Reference Point (ARP)

 Meters = Feet x (0.3048)   Note &/or sketch ANY unusual conditions.
Height Entered Into Receiver = _______ meters.  Be Very Explicit as to where and how Measured!

Barometer (if used) Brand &
Model:

S/N:

Weather
Data

Weather
Codes 

Time
(UTC)

Dry-Bulb Temp
Fahrenheit   Celsius

WetBulb Temp
Fahrenheit   Celsius

Rel. % 
Humidity

Atm. Pressure
inches Hg   millibar

Before

Middle

After

Remarks, Comments on Problems, Sketches, Pencil Rubbing, etc:

Weather codes are required. Weather data are optional but encouraged.   *Antenna code comes from ant_info file furnished by project coordinator.

Data File Name(s):

(Standard NGS Format = aaaaddds.xxx)
where aaaa=4-Character ID, ddd=Day of Year, s=Session ID, xxx=file dependant extension

Updated Station Description: � Attached    � Submitted earlier
Visibility Obstruction Form: � Attached    � Submitted earlier
Photographs of Station: � Attached    � Submitted earlier
Pencil Rubbing of Mark: � Attached

LOG CHECKED
BY:

Table of CODE PROBLEM VISIBILITY TEMPERATURE CLOUD COVER WIND

Weather 0 did not occur Good, over 15 miles Normal, 32o F- 80o F Clear, below 20% Calm, under 5mph (8km/h)

Codes 1 did occur Fair, 7-15 miles Hot, over 80oF  (27 C) Cloudy, 20% to 70% Moderate, 5 to 15 mph

2 - not used - Poor, under 7 miles Cold,  below 32o F (0 C) Overcast, over 70% Strong, over15 mph (24km/h)

Examples:  00000 = No problem, good visibility, normal temp, clear, calm wind       12121 =  Problems,  poor visibility,  hot, overcast,  moderate wind

http://www.ngs.noaa.gov/PROJECTS/GPSmanual/data.htm#obslog
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/equipment.htm#receiver
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/equipment.htm#antenna
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/equipment.htm#tripod
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/equipment.htm#wxgear
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/equipment.htm#wxgear
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/observations.htm#antenna
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/observations.htm#wxgear
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/data.htm#format
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/data.htm#recovery
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/data.htm#visibility
http://www.ngs.noaa.gov/PROJECTS/GPSmanual/data.htm#pencilrub
http://www.srh.noaa.gov/elp/wxcalc/wxcalc.shtml
http://www.ngs.noaa.gov/PROJECTS/INSTRUCTIONS/photos/Digital_Photo_Requirements.pdf
Joe.Evjen
Text Box
NOTE:  This form intended for field use. Unsolicited data submitted to NGS must be converted to bluebook format.

dtm
Text Box
2.000

dtm
Text Box
6.56

dtm
Text Box
2.000

dtm
Text Box
6.56



Sketch of Monument PH1 

 

 

 

   



Photo of Monument PH1 

 

GNSS Setup on PH1 
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�����	������ IWV�MZf\̂c�gcf[\ac_�X̀ ù ��	�����!� IWMgd��	
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�������S QE�EBL�1��%�	���)������ GgBgB  �����	��S D̀\��	
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��� 3456789�::���. ;0<71=�/1>?@=A
������������������.B	��� C3 D	�� EFG�H�� EIJ �
��	���� F3KL.��
���� M3 G�����	�� E5G�N.��H���� 533 O
��	��� PQRST�
��	���U��V���
� R?17WXY02�ZW[\�]C336Ẑ_����.
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APPENDIX C 
SOUND SPEED INSTRUMENT CALIBRATIONS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 









 

 

 

 

Certificate of Calibration

 

 

 

 

Coefficients

 

 

 

 

Robert Haydock

President, AML Oceanographic

Asset Serial Number: 305690

Calibration Type: Pressure

Certification Date: April 09, 2018

Calibration Range: 0 to 100 dBar

Sensor Range: 0 to 100 dBar

Residual (RMSE): 0.008 dBar

Standards: Paro 785

Coefficient A: -1.205655E+1 Coefficient H: 0.000000E+0

Coefficient B: 0.000000E+0 Coefficient I: 3.607802E-10

Coefficient C: 0.000000E+0 Coefficient J: 0.000000E+0

Coefficient D: 0.000000E+0 Coefficient K: 0.000000E+0

Coefficient E: 1.892618E-3 Coefficient L: 0.000000E+0

Coefficient F: 0.000000E+0 Coefficient M: -2.915412E-15

Coefficient G: 0.000000E+0 Coefficient N: 0.000000E+0

AML Oceanographic certifies that the asset described above has been calibrated or recalibrated with equipment referenced
 to traceable standards. If this instrument or sensor has been re-calibrated, please be sure to update your records. Please also

ensure that you update the instrument’s coefficient values in any post-processing software that you use, if necessary.

AML Oceanographic Ltd.  2071 Malaview Avenue Sidney, B.C.  V8L 5X6 CANADA Tel: +1 250-656-0771 Fax: +1 250-655-3655





 
 
 
 

APPENDIX D 
SAFETY AND ENVIRONMENTAL MEETING REPORTS 

 































 

 

 

 

APPENDIX E 
CONTOUR AND HILLSHADE MAPS 
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NOTES:
1. This drawing presents the results of a bathymetric survey conducted by David Evans and Associates, Inc. (DEA).The survey was primarily conducted with 
a multibeam sonar with single beam survey data used in some areas to fill nearshore data gaps.

2. Dates of Survey: March 14, 16-18, 20; April 10-13; and June 14-15; 2018.

3. Horizontal Datum: North American Datum of 1983, 2011 realization, Epoch 2010.0 (NAD83), State Plane Coordinate System (SPCS), Oregon North Zone. 

4. Units: International Feet

5. Vertical Datum: North American Vertical Datum of 1988, Geoid12b (NAVD88). See Vertical Datum Conversion Table for conversion to Columbia River 
Datum (CRD).

6. The 2-foot NAVD88 elevation contours were generated in ESRI ArcGIS software from a Triangular Irregular Network (TIN) based on a 1-meter grid of 
multibeam data, and single beam data. The TIN modeled across nearshore minor data gaps and integrated single beam data. 

7. Horizonal positions were acquired with an Applanix POS/MV inertial positioning and motion reference system with integrated real-time kinematic(RTK) 
GNSS positioning for the multibeam survey and Trimble GNSS RTK positioning for the single beam survey.

8. Depths were acquired with dual Teledyne Reson T50-P multibeam sonars for the main survey area, Teledyne Reson 7101 for nearshore multibeam, 
and Teledyne ODOM CV100 single beam echosounder in areas not accessible by the multibeam survey vessels.

9. Depths were reduced to NAVD88 elevations using the GNSS ellipsoid height data and the National Geodetic Survey separation model Geoid12b. 

10. Aerial imagery from ArcGIS on-line database. Background line work from Geosyntec. Navigation channel provided by Portland District USACE.

11. This map is not intended for navigation.
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NOTES:
1. This drawing presents the results of a bathymetric survey conducted by David Evans and Associates, Inc. (DEA).The survey was primarily conducted with 
a multibeam sonar with single beam survey data used in some areas to fill nearshore data gaps.

2. Dates of Survey: March 14, 16-18, 20; April 10-13; and June 14-15; 2018.

3. Horizontal Datum: North American Datum of 1983, 2011 realization, Epoch 2010.0 (NAD83), State Plane Coordinate System (SPCS), Oregon North Zone. 

4. Units: International Feet

5. Vertical Datum: North American Vertical Datum of 1988, Geoid12b (NAVD88). See Vertical Datum Conversion Table for conversion to Columbia River 
Datum (CRD).

6. The 2-foot NAVD88 elevation contours were generated in ESRI ArcGIS software from a Triangular Irregular Network (TIN) based on a 1-meter grid of 
multibeam data, and single beam data. The TIN modeled across nearshore minor data gaps and integrated single beam data. 

7. Horizonal positions were acquired with an Applanix POS/MV inertial positioning and motion reference system with integrated real-time kinematic(RTK) 
GNSS positioning for the multibeam survey and Trimble GNSS RTK positioning for the single beam survey.

8. Depths were acquired with dual Teledyne Reson T50-P multibeam sonars for the main survey area, Teledyne Reson 7101 for nearshore multibeam, 
and Teledyne ODOM CV100 single beam echosounder in areas not accessible by the multibeam survey vessels.

9. Depths were reduced to NAVD88 elevations using the GNSS ellipsoid height data and the National Geodetic Survey separation model Geoid12b. 

10. Aerial imagery from ArcGIS on-line database. Background line work from Geosyntec. Navigation channel provided by Portland District USACE.

11. This map is not intended for navigation.
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NOTES:
1. This drawing presents the results of a bathymetric survey conducted by David Evans and Associates, Inc. (DEA).The survey was primarily conducted with 
a multibeam sonar with single beam survey data used in some areas to fill nearshore data gaps.

2. Dates of Survey: March 14, 16-18, 20; April 10-13; and June 14-15; 2018.

3. Horizontal Datum: North American Datum of 1983, 2011 realization, Epoch 2010.0 (NAD83), State Plane Coordinate System (SPCS), Oregon North Zone. 

4. Units: International Feet

5. Vertical Datum: North American Vertical Datum of 1988, Geoid12b (NAVD88). See Vertical Datum Conversion Table for conversion to Columbia River 
Datum (CRD).

6. The 2-foot NAVD88 elevation contours were generated in ESRI ArcGIS software from a Triangular Irregular Network (TIN) based on a 1-meter grid of 
multibeam data, and single beam data. The TIN modeled across nearshore minor data gaps and integrated single beam data. 

7. Horizonal positions were acquired with an Applanix POS/MV inertial positioning and motion reference system with integrated real-time kinematic(RTK) 
GNSS positioning for the multibeam survey and Trimble GNSS RTK positioning for the single beam survey.

8. Depths were acquired with dual Teledyne Reson T50-P multibeam sonars for the main survey area, Teledyne Reson 7101 for nearshore multibeam, 
and Teledyne ODOM CV100 single beam echosounder in areas not accessible by the multibeam survey vessels.

9. Depths were reduced to NAVD88 elevations using the GNSS ellipsoid height data and the National Geodetic Survey separation model Geoid12b. 

10. Aerial imagery from ArcGIS on-line database. Background line work from Geosyntec. Navigation channel provided by Portland District USACE.

11. This map is not intended for navigation.
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NOTES:
1. This drawing presents the results of a bathymetric survey conducted by David Evans and Associates, Inc. (DEA).The survey was primarily conducted with 
a multibeam sonar with single beam survey data used in some areas to fill nearshore data gaps.

2. Dates of Survey: March 14, 16-18, 20; April 10-13; and June 14-15; 2018.

3. Horizontal Datum: North American Datum of 1983, 2011 realization, Epoch 2010.0 (NAD83), State Plane Coordinate System (SPCS), Oregon North Zone. 

4. Units: International Feet

5. Vertical Datum: North American Vertical Datum of 1988, Geoid12b (NAVD88). See Vertical Datum Conversion Table for conversion to Columbia River 
Datum (CRD).

6. The 2-foot NAVD88 elevation contours were generated in ESRI ArcGIS software from a Triangular Irregular Network (TIN) based on a 1-meter grid of 
multibeam data, and single beam data. The TIN modeled across nearshore minor data gaps and integrated single beam data. 

7. Horizonal positions were acquired with an Applanix POS/MV inertial positioning and motion reference system with integrated real-time kinematic(RTK) 
GNSS positioning for the multibeam survey and Trimble GNSS RTK positioning for the single beam survey.

8. Depths were acquired with dual Teledyne Reson T50-P multibeam sonars for the main survey area, Teledyne Reson 7101 for nearshore multibeam, 
and Teledyne ODOM CV100 single beam echosounder in areas not accessible by the multibeam survey vessels.

9. Depths were reduced to NAVD88 elevations using the GNSS ellipsoid height data and the National Geodetic Survey separation model Geoid12b. 

10. Aerial imagery from ArcGIS on-line database. Background line work from Geosyntec. Navigation channel provided by Portland District USACE.

11. This map is not intended for navigation.
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NOTES:
1. This drawing presents the results of a bathymetric survey conducted by David Evans and Associates, Inc. (DEA).The survey was primarily conducted with 
a multibeam sonar with single beam survey data used in some areas to fill nearshore data gaps.

2. Dates of Survey: March 14, 16-18, 20; April 10-13; and June 14-15; 2018.

3. Horizontal Datum: North American Datum of 1983, 2011 realization, Epoch 2010.0 (NAD83), State Plane Coordinate System (SPCS), Oregon North Zone. 

4. Units: International Feet

5. Vertical Datum: North American Vertical Datum of 1988, Geoid12b (NAVD88). See Vertical Datum Conversion Table for conversion to Columbia River 
Datum (CRD).

6. The 2-foot NAVD88 elevation contours were generated in ESRI ArcGIS software from a Triangular Irregular Network (TIN) based on a 1-meter grid of 
multibeam data, and single beam data. The TIN modeled across nearshore minor data gaps and integrated single beam data. 

7. Horizonal positions were acquired with an Applanix POS/MV inertial positioning and motion reference system with integrated real-time kinematic(RTK) 
GNSS positioning for the multibeam survey and Trimble GNSS RTK positioning for the single beam survey.

8. Depths were acquired with dual Teledyne Reson T50-P multibeam sonars for the main survey area, Teledyne Reson 7101 for nearshore multibeam, 
and Teledyne ODOM CV100 single beam echosounder in areas not accessible by the multibeam survey vessels.

9. Depths were reduced to NAVD88 elevations using the GNSS ellipsoid height data and the National Geodetic Survey separation model Geoid12b. 

10. Aerial imagery from ArcGIS on-line database. Background line work from Geosyntec. Navigation channel provided by Portland District USACE.

11. This map is not intended for navigation.
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NOTES:
1. This drawing presents the results of a bathymetric survey conducted by David Evans and Associates, Inc. (DEA).The survey was primarily conducted with 
a multibeam sonar with single beam survey data used in some areas to fill nearshore data gaps.

2. Dates of Survey: March 14, 16-18, 20; April 10-13; and June 14-15; 2018.

3. Horizontal Datum: North American Datum of 1983, 2011 realization, Epoch 2010.0 (NAD83), State Plane Coordinate System (SPCS), Oregon North Zone. 

4. Units: International Feet

5. Vertical Datum: North American Vertical Datum of 1988, Geoid12b (NAVD88). See Vertical Datum Conversion Table for conversion to Columbia River 
Datum (CRD).

6. The 2-foot NAVD88 elevation contours were generated in ESRI ArcGIS software from a Triangular Irregular Network (TIN) based on a 1-meter grid of 
multibeam data, and single beam data. The TIN modeled across nearshore minor data gaps and integrated single beam data. 

7. Horizonal positions were acquired with an Applanix POS/MV inertial positioning and motion reference system with integrated real-time kinematic(RTK) 
GNSS positioning for the multibeam survey and Trimble GNSS RTK positioning for the single beam survey.

8. Depths were acquired with dual Teledyne Reson T50-P multibeam sonars for the main survey area, Teledyne Reson 7101 for nearshore multibeam, 
and Teledyne ODOM CV100 single beam echosounder in areas not accessible by the multibeam survey vessels.

9. Depths were reduced to NAVD88 elevations using the GNSS ellipsoid height data and the National Geodetic Survey separation model Geoid12b. 

10. Aerial imagery from ArcGIS on-line database. Background line work from Geosyntec. Navigation channel provided by Portland District USACE.

11. This map is not intended for navigation.
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HILLSHADE IMAGE ILLUMINATION BASED ON
SUN AZIMUTH FROM 0° AT AN ELEVATION OF 55°.
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NOTES:

1. This drawing presents the results of a bathymetric survey conducted by David Evans and Associates, Inc. (DEA). The survey was primarily conducted with 
a multibeam sonar with single beam survey data used in some areas to fill nearshore data gaps.

2. Dates of Survey: March 14, 16-18, 20; April 10-13; and June 14-15; 2018.

3. Horizontal Datum: North American Datum of 1983, 2011 realization, Epoch 2010.0 (NAD83), State Plane Coordinate System (SPCS), Oregon North Zone. 

4. Units: International Feet

5. Vertical Datum: North American Vertical Datum of 1988, Geoid12b (NAVD88). See Vertical Datum Conversion Table for conversion to Columbia River 
Datum (CRD).

6. The sun-illuminated image was generated in Caris HIPS software from a 1-meter grid generated in ESRI ArcGIS software from a Triangular Irregular 
Network (TIN) based on multibeam and single beam data. The TIN modeled across nearshore minor data gaps and integrated single beam data. 
Illumination angles and color scale are shown in the legend.

7.Horizonal positions were acquired with an Applanix POS/MV inertial positioning and motion reference system with integrated real-time kinematic(RTK) 
GNSS positioning for the multibeam survey and Trimble GNSS RTK positioning for the single beam survey.

8. Depths were acquired with dual Teledyne Reson T50-P multibeam sonars for the main survey area, 
Teledyne Reson 7101 for nearshore multibeam, and Teledyne ODOM CV100 single beam echosounder in areas not accessible by the multibeam 
survey vessels.

9. Depths were reduced to NAVD88 elevations using the GNSS ellipsoid height data and the National Geodetic Survey separation model Geoid12b. 

10. Aerial imagery from ArcGIS on-line database. Background line work from Geosyntec. Navigation channel provided by Portland District USACE.
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HILLSHADE IMAGE ILLUMINATION BASED ON
SUN AZIMUTH FROM 0° AT AN ELEVATION OF 55°.
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NOTES:

1. This drawing presents the results of a bathymetric survey conducted by David Evans and Associates, Inc. (DEA). The survey was primarily conducted with 
a multibeam sonar with single beam survey data used in some areas to fill nearshore data gaps.

2. Dates of Survey: March 14, 16-18, 20; April 10-13; and June 14-15; 2018.

3. Horizontal Datum: North American Datum of 1983, 2011 realization, Epoch 2010.0 (NAD83), State Plane Coordinate System (SPCS), Oregon North Zone. 

4. Units: International Feet

5. Vertical Datum: North American Vertical Datum of 1988, Geoid12b (NAVD88). See Vertical Datum Conversion Table for conversion to Columbia River 
Datum (CRD).

6. The sun-illuminated image was generated in Caris HIPS software from a 1-meter grid generated in ESRI ArcGIS software from a Triangular Irregular 
Network (TIN) based on multibeam and single beam data. The TIN modeled across nearshore minor data gaps and integrated single beam data. 
Illumination angles and color scale are shown in the legend.

7.Horizonal positions were acquired with an Applanix POS/MV inertial positioning and motion reference system with integrated real-time kinematic(RTK) 
GNSS positioning for the multibeam survey and Trimble GNSS RTK positioning for the single beam survey.

8. Depths were acquired with dual Teledyne Reson T50-P multibeam sonars for the main survey area, 
Teledyne Reson 7101 for nearshore multibeam, and Teledyne ODOM CV100 single beam echosounder in areas not accessible by the multibeam 
survey vessels.

9. Depths were reduced to NAVD88 elevations using the GNSS ellipsoid height data and the National Geodetic Survey separation model Geoid12b. 

10. Aerial imagery from ArcGIS on-line database. Background line work from Geosyntec. Navigation channel provided by Portland District USACE.
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HILLSHADE IMAGE ILLUMINATION BASED ON
SUN AZIMUTH FROM 0° AT AN ELEVATION OF 55°.
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NOTES:

1. This drawing presents the results of a bathymetric survey conducted by David Evans and Associates, Inc. (DEA). The survey was primarily conducted with 
a multibeam sonar with single beam survey data used in some areas to fill nearshore data gaps.

2. Dates of Survey: March 14, 16-18, 20; April 10-13; and June 14-15; 2018.

3. Horizontal Datum: North American Datum of 1983, 2011 realization, Epoch 2010.0 (NAD83), State Plane Coordinate System (SPCS), Oregon North Zone. 

4. Units: International Feet

5. Vertical Datum: North American Vertical Datum of 1988, Geoid12b (NAVD88). See Vertical Datum Conversion Table for conversion to Columbia River 
Datum (CRD).

6. The sun-illuminated image was generated in Caris HIPS software from a 1-meter grid generated in ESRI ArcGIS software from a Triangular Irregular 
Network (TIN) based on multibeam and single beam data. The TIN modeled across nearshore minor data gaps and integrated single beam data. 
Illumination angles and color scale are shown in the legend.

7.Horizonal positions were acquired with an Applanix POS/MV inertial positioning and motion reference system with integrated real-time kinematic(RTK) 
GNSS positioning for the multibeam survey and Trimble GNSS RTK positioning for the single beam survey.

8. Depths were acquired with dual Teledyne Reson T50-P multibeam sonars for the main survey area, 
Teledyne Reson 7101 for nearshore multibeam, and Teledyne ODOM CV100 single beam echosounder in areas not accessible by the multibeam 
survey vessels.

9. Depths were reduced to NAVD88 elevations using the GNSS ellipsoid height data and the National Geodetic Survey separation model Geoid12b. 

10. Aerial imagery from ArcGIS on-line database. Background line work from Geosyntec. Navigation channel provided by Portland District USACE.
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HILLSHADE IMAGE ILLUMINATION BASED ON
SUN AZIMUTH FROM 0° AT AN ELEVATION OF 55°.
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NOTES:

1. This drawing presents the results of a bathymetric survey conducted by David Evans and Associates, Inc. (DEA). The survey was primarily conducted with 
a multibeam sonar with single beam survey data used in some areas to fill nearshore data gaps.

2. Dates of Survey: March 14, 16-18, 20; April 10-13; and June 14-15; 2018.

3. Horizontal Datum: North American Datum of 1983, 2011 realization, Epoch 2010.0 (NAD83), State Plane Coordinate System (SPCS), Oregon North Zone. 

4. Units: International Feet

5. Vertical Datum: North American Vertical Datum of 1988, Geoid12b (NAVD88). See Vertical Datum Conversion Table for conversion to Columbia River 
Datum (CRD).

6. The sun-illuminated image was generated in Caris HIPS software from a 1-meter grid generated in ESRI ArcGIS software from a Triangular Irregular 
Network (TIN) based on multibeam and single beam data. The TIN modeled across nearshore minor data gaps and integrated single beam data. 
Illumination angles and color scale are shown in the legend.

7.Horizonal positions were acquired with an Applanix POS/MV inertial positioning and motion reference system with integrated real-time kinematic(RTK) 
GNSS positioning for the multibeam survey and Trimble GNSS RTK positioning for the single beam survey.

8. Depths were acquired with dual Teledyne Reson T50-P multibeam sonars for the main survey area, 
Teledyne Reson 7101 for nearshore multibeam, and Teledyne ODOM CV100 single beam echosounder in areas not accessible by the multibeam 
survey vessels.

9. Depths were reduced to NAVD88 elevations using the GNSS ellipsoid height data and the National Geodetic Survey separation model Geoid12b. 

10. Aerial imagery from ArcGIS on-line database. Background line work from Geosyntec. Navigation channel provided by Portland District USACE.
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HILLSHADE IMAGE ILLUMINATION BASED ON
SUN AZIMUTH FROM 0° AT AN ELEVATION OF 55°.
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NOTES:

1. This drawing presents the results of a bathymetric survey conducted by David Evans and Associates, Inc. (DEA). The survey was primarily conducted with 
a multibeam sonar with single beam survey data used in some areas to fill nearshore data gaps.

2. Dates of Survey: March 14, 16-18, 20; April 10-13; and June 14-15; 2018.

3. Horizontal Datum: North American Datum of 1983, 2011 realization, Epoch 2010.0 (NAD83), State Plane Coordinate System (SPCS), Oregon North Zone. 

4. Units: International Feet

5. Vertical Datum: North American Vertical Datum of 1988, Geoid12b (NAVD88). See Vertical Datum Conversion Table for conversion to Columbia River 
Datum (CRD).

6. The sun-illuminated image was generated in Caris HIPS software from a 1-meter grid generated in ESRI ArcGIS software from a Triangular Irregular 
Network (TIN) based on multibeam and single beam data. The TIN modeled across nearshore minor data gaps and integrated single beam data. 
Illumination angles and color scale are shown in the legend.

7.Horizonal positions were acquired with an Applanix POS/MV inertial positioning and motion reference system with integrated real-time kinematic(RTK) 
GNSS positioning for the multibeam survey and Trimble GNSS RTK positioning for the single beam survey.

8. Depths were acquired with dual Teledyne Reson T50-P multibeam sonars for the main survey area, 
Teledyne Reson 7101 for nearshore multibeam, and Teledyne ODOM CV100 single beam echosounder in areas not accessible by the multibeam 
survey vessels.

9. Depths were reduced to NAVD88 elevations using the GNSS ellipsoid height data and the National Geodetic Survey separation model Geoid12b. 

10. Aerial imagery from ArcGIS on-line database. Background line work from Geosyntec. Navigation channel provided by Portland District USACE.
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HILLSHADE IMAGE ILLUMINATION BASED ON
SUN AZIMUTH FROM 0° AT AN ELEVATION OF 55°.
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NOTES:

1. This drawing presents the results of a bathymetric survey conducted by David Evans and Associates, Inc. (DEA). The survey was primarily conducted with 
a multibeam sonar with single beam survey data used in some areas to fill nearshore data gaps.

2. Dates of Survey: March 14, 16-18, 20; April 10-13; and June 14-15; 2018.

3. Horizontal Datum: North American Datum of 1983, 2011 realization, Epoch 2010.0 (NAD83), State Plane Coordinate System (SPCS), Oregon North Zone. 

4. Units: International Feet

5. Vertical Datum: North American Vertical Datum of 1988, Geoid12b (NAVD88). See Vertical Datum Conversion Table for conversion to Columbia River 
Datum (CRD).

6. The sun-illuminated image was generated in Caris HIPS software from a 1-meter grid generated in ESRI ArcGIS software from a Triangular Irregular 
Network (TIN) based on multibeam and single beam data. The TIN modeled across nearshore minor data gaps and integrated single beam data. 
Illumination angles and color scale are shown in the legend.

7.Horizonal positions were acquired with an Applanix POS/MV inertial positioning and motion reference system with integrated real-time kinematic(RTK) 
GNSS positioning for the multibeam survey and Trimble GNSS RTK positioning for the single beam survey.

8. Depths were acquired with dual Teledyne Reson T50-P multibeam sonars for the main survey area, 
Teledyne Reson 7101 for nearshore multibeam, and Teledyne ODOM CV100 single beam echosounder in areas not accessible by the multibeam 
survey vessels.

9. Depths were reduced to NAVD88 elevations using the GNSS ellipsoid height data and the National Geodetic Survey separation model Geoid12b. 

10. Aerial imagery from ArcGIS on-line database. Background line work from Geosyntec. Navigation channel provided by Portland District USACE.
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