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DISCLAIMER.  Intended use and technical limitations of the report, “METHODS PAPER: Determining the 
Bathymetry of the Mactaquac Headpond and Saint John River”.  This report describes the methods 
employed to establish baseline data on bathymetry in the Mactaquac Headpond from Mactaquac Dam 
to Woodstock, including Mactaquac Arm and Longs Creek, and of the Saint John River from the 
Mactaquac Dam to Fredericton.  The methods and resulting data are intended solely to support 
Mactaquac Aquatic Ecosystem Study.   As of the date of this report, the data have not been submitted to 
nor approved by the Canadian Hydographic Service and are therefore not intended to support 
navigational usage.    The CRI does not assume liability for any use of the included methods or the 
resulting data and maps. 
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Introduction 
 

NSERC CRD Project 1B.1.1 Water volume and sediment distribution-Reservoir bathymetric and 
sediment mapping 

Reliable bathymetry data for the Mactaquac Headpond is a fundamental data requirement of multiple 
Mactaquac Aquatic Ecosystem Study (MAES) projects.  Updated bathymetry allows for reservoir water 
volumes to be calculated for use in hydrodynamic, sediment transport, and water quality models.  In 
conjunction with historical bathymetry (1969), current reservoir bathymetry can be used to provide an 
estimate of sediment accumulation since impoundment. 

To obtain maximum coverage of the Mactaquac Headpond, the bathymetry survey used a multibeam 
system in water depths greater than approximately 5 m and a single beam system in shallower depths 
(e.g., near-shore areas).  These systems and protocols are described separately below. 

Methods – Multibeam Survey 
The multibeam survey was conducted by the University of New Brunswick’s Ocean Mapping Group 
(OMG) to meet or exceed the CHS Order 1a standard (based on International Hydrographic Service 
standards; CHS 2013) for hydrographic surveys.  At a depth of 40 m (approximately the maximum depth 
of Mactaquac Headpond), the Order 1a standard would be met by a 1σ (68% confidence interval) 
horizontal accuracy of 3.6 m and a 1σ vertical accuracy of 0.37 m with all objects greater than 2 m3 being 
identified.  The target for the multibeam survey was a 1σ horizontal accuracy of 0.5 m with a bottom 
coverage of 200%.   

Equipment 

Sea Truck 1 
The Sea Truck 1 is a 30 ft landing craft 
with twin 140 hp outboard engines.  
OMG outfitted the barge with several 
hydrographic surveying systems 
including pole mounted sonar systems, 
high precision GPS and inertial 
navigation systems, and a moving vessel 
profiler. 
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Kongsberg Mesotech M3 Demo Multi-beam Sonar System 
The M3 system is a demonstration model on loan from Kongsberg - Mesotech.  The system is still under 
development, with the assistance of Dr. Hughes Clark formerly of UNB’s Ocean Mapping Group (OMG).  
The M3 is designed to function as either an imaging or profiling system.  As an extremely high frequency 
system it boasts excellent range resolution and portability, with a reasonable angular resolution and 
range (Table 1).  Typical configuration was for a continuous wave pulse and a range of 50 m. 

 

Table 1.  Kongsberg Mesotech M3 Demo Multi-beam Sonar System Specifications 
System 
Central Frequency 500kHz 
Maximum Range 150m 
Range Resolution 0.01m 
Profiling Mode 
Along-Track Angular Resolution 3°  
Across-Track Angular Resolution 1.8° @ nadir 
Number of Beams 256 
Maximum Ping Rate 40 Hz 
Field of View 120° 
Source: Kongsberg 2014 

 

C&C Technologies, C-Nav 2000 or C-Nav 3050 
The C-Nav 2000 (used in 2014) and C-Nav 3050 (used in 2015) receive Real-Time GIPSY (RTG) corrections 
via a network of geostationary satellites.  These corrections allow real-time positioning with an accuracy 
of 0.1 m horizontal and 0.2 m vertical.  The C-Nav units were used to export RTCM (Radio Technical 
Commission for Maritime Services) corrections to the F-185 inertial navigation system. 

Coda Octopus F-185 Inertial Navigation System 
The F-185 inertial navigation system is a high-precision attitude and positioning package (see Table 2).  It 
combines inertial sensors with GPS receivers and GPS corrections (from C-Nav) to provide inertially 
smoothed positions, orientation, and heave measurements. 

Table 2.  Coda Octopus F-185 Inertial Navigation System Specifications 
Sample Rate 100 Hz 
1σ Horizontal Accuracy 0.1 m (with C-Nav Corrections) 
1σ Vertical Accuracy 0.2 m (with C-Nav Corrections) 
Pitch Precision 0.025° 
Roll Precision 0.025° 
Heading Precision 0.1° (with 1m baseline) 
Heave Precision 0.05m 
Velocity Precision 0.014 m/s 
Source: Coda Octopus 2013 
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ODIM - Brooke Ocean (Rolls-Royce), 
Moving Vessel Profiler (MVP) 30  
The MVP 30 is an automated system 
that deploys and recovers a free fall 
fish-shaped weight continuously and 
records discrete temperature, 
pressure, salinity, and turbidity 
measurements in the water column 
allowing for the calculation of a sound 
velocity profile (Rolls-Royce 2011).  
The system requires bottom depth 
input to ensure that the fish does not 
strike the bottom.  The data collected 
by the MVP was used to apply 
corrections to the multibeam 
measurements.  

Laptop 1 
Running Windows XP and using software controlling the multibeam (Kongsberg - Mesotech M3 v1.4.2 
A5), and navigation software (Hypack 2013 or QPS QINSy Console 8.10), the primary function of this 
laptop was controlling, initial processing and storing data from the M3 Unit; including beam forming, 
bottom tracking and geo-location.  This laptop was responsible synchronizing firing of all sonar units 
(including those surveying sediment thickness; see Grace and Butler 2015) and for running the 
navigation software which it displayed on a second monitor.  Laptop 1 was networked to the M3 unit 
using UDP/IP protocols and was networked to the other computers using TCP/IP protocols.  Position and 
orientation data were received via RS232 connections. 

Laptop 2 
Running Windows XP, Laptop 2 was responsible for controlling and processing data from the MVP30 
using ODIM - Brooke Ocean software, MVP Controller v2.450.  Laptop 2 was not networked with the 
other computers and received its position, orientation, and bottom depth data from a transceiver 
(Knudsen Engineering 320b Transceiver) used for the sediment thickness project (see Grace and Butler 
2015) via RS232 connections.  Each day, data from this laptop was manually transferred to Laptop 3 via a 
jump drive once the MVP 30 profiles were complete. 

Laptop 3 
Running Ubuntu Linux, Laptop 3 ran OMG data processing programs (Processing Package and Swathed).  
Laptop 3 was connected to the other computers via the TCP/IP network and retrieved files from Laptop 
1 as they were available.    
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Desktop 1 
Running Windows XP, Desktop 1 
configured and recorded data from 
the F185 inertial navigation system 
(software: Coda Octopus F180 
Series v3.6.0) and the C-Nav 
(software: C&C Technologies C-
Setup v7.0.5).  Desktop 1 received 
its synchronization from Laptop 1 
and was connected to the other 
computers through the TCP/IP 
network, the F185 via TCP/IP, and 
the C-Nav via RS232. 

Power Supply 
A Honda EU2000i generator supplied power to computers and equipment onboard Sea Truck 1.  An 
uninterruptible power supply (UPS) was used to ensure a power failure did not result in lost data. 

Protocol 

Survey Recording 
Each morning, Sea Truck 1 and the generator were fuelled via jerry cans and started.  The UPS, 
computers, C-Nav, and F185 were powered on and the computers were connected to the network.  The 
C-Nav and F185 systems needed time to calibrate themselves before they could provide usable data to 
the other systems.  Both of these systems recorded continuously until survey operations were 
terminated for the day.  The MVP winch and controller were also powered on.   

On Laptop 1, the multibeam software was opened and files were created for the day’s recordings (Setup 
> Preferences) and named.  The navigation software (QINSy or Hypack) was opened and all connections 
were checked.  The pole holding the M3 sonar head was lowered and strapped firmly in place before 
selecting the connect option.  The multibeam and F185 were tested using the M3 software (Setup > 
System Configuration > Sensors Setup).  With the test running, the “Headpond” database in the 
navigation software was opened and examined to determine that data was being received correctly.  In 
some cases, the F185 needed to be reset (unplugged and repowered).  To record the multibeam 
coverage, the “Record” button in the navigation software was selected prior to beginning the survey.  In 
the multibeam software, both the record and export options were selected for each new survey line 
such that measured values were recorded and exported to the navigation software.  The primary 
function of the navigational software was to produce a real-time graphical record of the areas that had 
been observed by the multi-beam so that overlapping coverage could be ensured.  The navigational 
software only displayed areas that had been recorded by the M3 system and was left to record for the 
duration of the day’s survey. 
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On Laptop 2, the MVP software was started, the configuration settings window opened, file and 
subdirectory name updated with the date, and the configuration file saved.  To operate the MVP, the 
start button was selected with the winch turned to “auto” and both the winch and controller powered 
on.  When continuous dips were required, auto-deploy was enabled with a wait time of 0 minutes.  A 
distance of 3 m from the bottom was maintained to prevent snagging on possible submerged hazards. 

Multibeam recordings were broken into survey lines approximately 15 minutes long, to limit file sizes.  In 
most cases, the vessel turned back to record an overlapping survey-line.  In these cases, recording was 
stopped, the vessel turned and recording was restarted once the turn was complete.  In cases when the 
vessel continued on its course, the multibeam was stopped and restarted as quickly as possible to 
reduce gaps in the data.  A target 50% overlap of survey lines was used to achieve 200% bottom 
coverage.  Multibeam data collection was limited to water depths greater than 5 m.  

The procedure for recording MVP data varied depending on the plan for the day’s survey.  Most days the 
MVP was run for one survey line at the deepest part of the channel.  On specific days the MVP was run 
for the duration of the day’s activates while the Sea Truck 1 transited the length of the Headpond.  This 
allowed for comparison of the water column attributes in different segments of the Headpond.            

The volumes of data created by the multibeam system (approximately 30 gigabytes of data were 
recorded per hour) were transferred from each computer via the network or jump drive to Laptop 3 
where it was stored on to one of two ‘field’ external hard drives.  The “field” drive was brought to the 
office and synced to an “office” external hard drive each night.  The “office” drive was synced to a 
“backup” drive once per week.  An additional external hard drive was used to record the multibeam data 
directly from Laptop 1 to ensure a backup would exist in the event that the network transfer from the 
Laptop 1 to Laptop 3 corrupted a data file. 

Survey Processing 
OMG uses its own internal processing software.  It is a loose collection of C programs and C shell scripts 
that allows users the freedom to write their own scripts to perform the processing as they deem 
necessary.    

Processing began (on Laptop 3) as soon as a survey line was completed.  The “M3_watch” script 
continually checked for new multibeam survey lines, prompted the user for confirmation that the line 
was complete, and copied the raw files to the external hard drive upon confirmation.  After copying it 
called the “M3unravel” script which ran several C programs: 

• M3imb2omg – parsed the multibeam files (.pmb) and generated preliminary (.merged) files, 
• makeWC – generated water column files from (.merged) files, 
• newMergeAtt - recalculated (.merged) files using orientation, sound speed profile and 

transducer offset, 
• mergeNav – generated navigation files from (.merged) files, 
• getBounds – generated 100 ping boundary files from (.merged) files, 
• getBeamPattern – generated beam pattern files from (.merged) files,  
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• makess – generated backscatter files from (.merged) files and beam pattern files. 

Essentially, the software retrieved the multibeam recordings from Laptop 1, via the network, then 
pulled them apart and stored several components in smaller, easier to use files.  Limitations on 
transferring sound velocity profiles from the MVP to Laptop 3 meant that the initial processing was done 
using the previous day’s sound velocity profiles.  In the office, the “remerge” script was used to re-run 
“newMergeAtt” using updated sound velocity profiles. 

Depth Correction 
Sonar systems measure depths from the transducer.  For these depths to be translated to chart depths 
several additional measurements must be recorded or estimated: 

• transducer offset – the position of the transducer relative to the ship’s reference point, 
• draught – the position of the ship’s reference point to the water level while stopped, 
• heave – the instantaneous change in draught due to wave action, 
• induced heave – heave caused by rolling and pitching, 
• squat – the change in draught due to the vessels velocity, 
• water level – the difference between current water level and chart datum at any given time. 

Transducer offset and draught are measured on the vessel.  Heave, induced heave, and velocity are 
measured by the Inertial Navigation System and squat is estimated for a given velocity.  Water levels 
were provided by NB Power’s tide gauge measurements and referenced to chart datum (125 feet above 
mean sea level).  Tide gauges were located at Woodstock, Prince William, and Mactaquac.  Water levels 
from the Mactaquac gauge were used to correct the 2014 data and water levels from the Prince William 
gauge were used to correct the 2015 data. 

Map Production 
Bathymetric map sheets were generated from multibeam data using OMG’s internal software: 

• jview – used to select the size, location, and map projection of each map sheet. 
• make_blank – created blank 32bit double precision raster files, sized and geo-referenced as 

selected in “jview”. 
• tor4 – copied the blank file to a (.r4) file and prepared 3 other files for “weigh_grid”. 
• weigh_grid – For each (.r4) file it scanned all available (.merged) files for bottom detections 

within the area of the map sheet and compiled a reference list.  For each pixel of the map sheet 
it scanned the reference list and found every bottom detection that fell within the bounds of 
said pixel.  It then used a beam weighting scheme to record a weighted sum depth, weight sum, 
and weighted mean depth for said pixel into the three files generated by “tor4”.  No water level 
data was available at the time of production, but if it were “weigh_grid” would have applied 
corrections when populating the (.r4) raster file with the weighted mean depths.   

• addSUN – read the (.r4) file, calculated and applied shadows to the map sheet for a given 
position of the sun, and generated a sun illuminated (.sun_***) file.  The shadows in the sun 
illuminated image made the topographic features stand out, aiding visual interpretation. 
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• r4to8bit – reduced the 32bit (.r4) file to an 8bit (.8bit) raster file based on a user selected depth 
range.  

• mix_ci – read the (.8bit) file, created a color scale representing depths, and superimposed them 
onto the sun illuminated image creating 24bit (.ppm) image that clearly depicts the bathymetry. 

Once the bathymetric specific map production was complete, the map sheets were imported into 
ArcMap where other map elements (e.g., border, scale, etc.) were added before producing hardcopy 
maps. 

In addition to hardcopy maps, Google Maps API was used to overlay Google Maps satellite imagery with 
headpond bathymetry for viewing through a web browser.  In the OMG processing package 
“createTiles” auto-generates a pyramid of .Png images (tiles) displaying headpond bathymetry and 
formatted according to the Google Maps API standards.  Mactaquac headpond bathymetry can be 
viewed at www.omg.unb.ca/Projects/Mactaquac. 

QAQC – Data Cleaning 
While the M3 multibeam system produces high quality data, it is susceptible to some conditions that can 
cause it to produce false bottom returns.  As such, all data were manually checked to verify their 
accuracy.  Data cleaning was completed at three stages: the time of the survey, in the office, and after 
bathymetry maps were generated.  

Time allowing, data was quickly reviewed for errors at the time of survey.  Bubble wash events and loss 
of attitude were the most common problems, so the first cleaning was primarily looking for these 
events.  About 95% of the data was reviewed at the time of survey.  In the office, all data was 
systematically reviewed for anomalous data.  Finally, after bathymetry maps were generated from the 
data, the maps were systematically inspected for artifacts.  If a possible artifact was found, the data was 
reviewed to determine its veracity. 

 

Methods – Single Beam Survey 
 

Single beam bathymetry surveys were conducted using a Lowrance HDS7 Gen2 Touch 
Fishfinder/Chartplotter with single beam transducer (83 and 200 kHz) and StructureScan HD (455 and 
800 kHz; www.lowrance.com) mounted to a small motorboat.  The HDS7 Gen2, with transducer set to 
200kHz, logged sonar data that was converted to a GIS compatible format using CIBioBase 
(www.cibiobase.com).  Using  corrections from Wide Area Augmentation System (WAAS), the HDS7 
Gen2 unit can achieve horizontal positioning accuracy within 1 m (Navico Inc 2013) though Lowrance 
reports potential error of up to 5m.  Headpond bathymetry surveys were completed following suggested 
methodologies for bathymetry mapping using Lowrance sonar units (Navico, 2014).  
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Protocol 
Each day, the sonar transducers were mounted to the stern of the boat at the beginning of the survey.  
The depths of the transducers were recorded to correct for differences between day to day mounting 
and the mounting depths required for different boats.   

A map of areas covered by the multibeam survey was loaded on the HDS7 Gen2 allowing the operator to 
efficiently survey the gap between shore and multibeam survey area.  Once logging was started, the 
shoreline was surveyed with 2 passes after which the gap between the shore and multibeam survey was 
filled in by running parallel transects in either the upstream/downstream direction or across the 
headpond, depending on the conditions.  Survey areas were completed within 1 hour to limit file sizes 
for efficient uploading to the BioBase servers.  Transect spacing of was targeted at 20 m and no more 
than 30 m.  While logging sonar data, the speed of the boat was kept between 5 and 8 km/h SOG (speed 
over ground) in order to achieve good resolution from the surveys.   

Data from the bathymetry surveys (.sl2 sonar log files) were uploaded to the CIBioBase servers using the 
BioBase upload tool.  Water level corrections of the raw data were: actual depth = recorded depth + 
depth of sonar sensor from the water line +/- water level correction.   Bathymetry surveys were merged 
to create a single file and were exported from BioBase for further processing and merging with the 
multi-beam bathymetry.  

Bathymetry sounding points were imported into ArcMap (v. 10.2) and plotted.  The date/time of each 
sounding point was used to create a “temporal id” field consisting of "day of year”_”minute of day (in 10 
minute intervals)”.  Water level was recorded with Hobo U20 water level loggers at several locations 
within the river reach.  The (x,y) location of each sounding were spatially tied to the nearest two water 
level loggers.  A temporal id for each water level logger was created and used to identify the water level 
at the time the bathymetry soundings were acquired.  Using the XY of the nearest water level logger, a 
“virtual” identical logger on the parallel stream bank, and the XY of the next closest logger, a “water 
level plane” was created for the time of each bathy sounding acquisition.  Solving the “water level 
plane” for the plane location (z) of the bathymetry sounding, the resulting offset was applied along with 
a constant 14 cm offset (average draft of the acquisition vessel), to cover the relative bathy depths to 
absolute elevation (m ASL).  After depth normalization, bathymetry soundings were interpolated to 
create a bathymetry layer using “normal” kriging, with all default parameters proposed by the ArcGIS 
software following examination of errors.  
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