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ABSTRACT 
 

The Pacific Salmon Commission operates a hydroacoustics program every summer near Mission, 

BC, to monitor upstream passage of Fraser River sockeye and pink salmon. The majority of fish 

passage at the monitoring site occurs towards the left bank of the river; however, the area has an 

irregular, convex river bottom with a few submerged logs that create a non-ideal sampling 

environment for hydroacoustic enumeration of fish passage. Obstructions in the environment 

create blind zones for the split-beam sonar where salmon passage cannot be directly observed, 

but is instead extrapolated from observations in adjacent areas using a nearest neighbor 

algorithm. These extrapolated estimates are more uncertain because they assume that salmon 

passage within observed areas are representative of the blind zones. To reduce blind zones and 

remove obstructions, a bottom excavation was carried out in February 2017 to smooth and 

reprofile the river bottom of the left bank area at the Mission hydroacoustics site.  The 

excavation was completed over three days using a long reach excavator positioned atop the left 

bank on a 55m barge. Comparisons of bottom profiles and ARIS imaging sonar data before and 

after the excavation reveal a smoother river bottom profile with fewer pieces of large woody 

debris after the excavation, suggesting an improved hydroacoustics sampling environment.  

However, the proportion of extrapolated salmon passage was similar during the summer 

following the bottom excavation compared to the three summers prior, with 31.7% of left bank 

salmon passage estimated via extrapolation in 2017 compared to 33.0% over the previous three 

years combined. The weak response in the proportion extrapolated following the excavation may 

be a consequence of fish migrating closer to the water surface than initially expected, leading to 

continued extrapolation of fish passage in the near-surface area that is unaffected by the 

excavation. Further monitoring will be conducted during field operations in 2018 and subsequent 

years to determine more conclusively the effect of the bottom excavation on fish passage 

extrapolation near the left bank.  
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INTRODUCTION 
 

The Pacific Salmon Commission (PSC) hydroacoustics program at Mission has operated every 

summer since 1977 monitoring the return migration of sockeye and pink salmon in the lower 

Fraser River. The program uses scientific echo-sounders to generate daily estimates of salmon 

passage that inform in-season run size assessments of Fraser sockeye and pink salmon as well as 

fisheries management decisions. Over the past 40 years, the hydroacoustics technology and 

estimation procedures of the program have evolved in response to advances in technology as 

well as recommendations from external review processes (e.g. Mission Hydroacoustic Working 

Group 1994). Prior to 2003, a mobile single-beam deployed from a transecting vessel was the 

only sonar system used for the official estimation of salmon passage (Xie et al 2005).  After 

several years of testing, beginning in 2004 a shore-based split-beam sonar was added to the left 

bank of the Mission site to provide more accurate estimates of passage in this near-shore area. 

The sampling configuration was further adjusted in 2010, when a shore-based DIDSON imaging 

sonar was added to the right bank of the Mission site to more accurately monitor fish passage on 

the north side of the river.  

 

Though the technology and estimation methodologies have changed throughout the years, the 

site of operation of the PSC hydroacoustics program has remained consistent, near the township 

of Mission and approximately 2km upstream of the Mission railway bridge. This site was 

originally selected because it is just upstream of the commercial fishing boundary and all 

populations of Fraser sockeye migrate upstream of the site to spawn, except for Widgeon and Pitt 

River sockeye. Until the 2003 season, all hydroacoustic sampling was vessel-based; however, 

most salmon passage is now monitored using the shore-based sonar systems on both banks of the 

river. The majority of salmon passage tends to occur near the left bank of the river in particular 

because water currents are weakest there. Consequently, the left bank split-beam system has 

become the primary sampling system of the PSC hydroacoustics program and consistently 

monitors more than half of total salmon passage each summer.  

 

Despite using the shore-based split-beam sampling system in this key area for upstream salmon 

migration, the left bank riverine environment has presented some challenges for hydroacoustics 

sampling. The ideal environment for riverine hydroacoustics is a smooth, concave bottom 

without obstructions.  However, the river bottom near the left bank has an irregular, convex 

shape that can obstruct the split-beam sonar, creating blind zones where fish cannot be directly 

sampled.  In addition, many pieces of large woody debris have been observed embedded in the 

substrate near the left bank, causing interference with imaging sonar data collection and creating 

challenges for fish weir installation and sonar system deployment. To prevent underestimation of 

salmon passage due to blind zones, a spatial extrapolation approach has been applied to estimate 

salmon passage in regions of the left bank that are not directly ensonified by the split-beam. 

However, these extrapolated estimates have a higher degree of uncertainty because the 

extrapolation assumes that passage within the blind zone is directly correlated with observed fish 

passages in the adjacent areas. 

 

To improve the sampling and operational environment and reduce hydroacoustic blind zones, a 

bottom excavation was carried out from February 20 to 22, 2017 near the left bank of the 

Mission site. A long-reach excavator was operated from atop a barge with the objectives of 
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smoothing the river bottom, reprofiling the slope to a concave shape, and removing obstructions 

such as woody debris. By improving the bottom profile on the left bank, our goal was to reduce 

blind zones for our split-beam system and allow direct observation of a larger proportion of fish 

passage near the river bottom.  In this report, we describe the methods used to undertake the 

excavation and assess its success at reducing the extrapolation by comparing data collected post-

excavation during the 2017 field season to data collected pre-excavation from 2014, 2015 and 

2016.  

 

 

 

METHODS 

Project Site  

The PSC Mission hydroacoustic site (hereafter Mission site) is situated on the Fraser River, 2km 

upstream from the Canadian Pacific Rail bridge connecting Mission to Abbotsford, BC. This 

bridge also serves as the upstream commercial fishing boundary for the Fraser River. The field 

operation site is located within Matsqui Trail Regional park on the south bank of the Fraser River 

(Figure 1).  

 

 
Figure 1. A map of the Fraser Valley showing the location of the Mission Hydroacoustic site. 

 

A cross river distance of approximately 400m is sampled by various hydroacoustic systems to 

monitor fish passage at the Mission site (Figure 2). The left bank (south side of the river) is 

sampled using a side-looking HTI 2°x10° elliptical split-beam transducer that can reach a 

maximum range of approximately 60m. The near-shore area on the left bank is also sampled 

using an ARIS 1800 imaging sonar and typically samples to a maximum range of 30m although 

sampling to a range of 50m was tested in 2017. The offshore area is sampled by a BioSonics DT-
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X downward-looking 6° circular split-beam transducer towed by a transecting vessel. The right 

bank area (north side of the river) is sampled using a DIDSON imaging sonar up to a range of 

30m. 

 

 

 
Figure 2. Cross-river view of the sampling geometry of the sonar systems operated at the Mission hydroacoustics 

site. The three systems shown are the left bank split-beam (S1), the mobile split-beam (M), and the right bank 

DIDSON (D2). The left bank ARIS (A1) is not shown but was deployed in the same location as the left bank split-

beam. The blue filled area represents the cross-river region sampled by the mobile split-beam. The gray filled area 

represents the river bottom profile, collected in July 2017 after the excavation work. Note that the horizontal cross-

river range on the x-axis is compressed relative to the vertical depth on the y-axis. 

 

The profile modification work was carried out on the left bank within the sampling ranges of 

both the HTI split-beam and the ARIS imaging sonar. Bottom profile measurements prior to the 

excavation work indicated that the majority of the obstacles including woody debris and 

substrate material formations were located 20 to 40 metres offshore. The excavation work was 

therefore focused in this area on a bearing of approximately 330° from shore, consistent with the 

deployment and sampling locations of the left bank systems (Figure 3). 
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Figure 3. The left-bank field site at Mission. The bank modification work took place underneath and on the upstream 

side of the fish weir (left side of the photo).  

River Bottom Excavation 

Modifying the river bottom profile at the Mission site involved the use of a long reach excavator 

positioned on top of a 55m-long barge outfitted with a hydraulic ramp on one end. Personnel on 

site during the project included PSC secretariat staff from the stock monitoring group, Tamihi 

Logging Inc. staff that were contracted to carry out the project, Hermann Enzenhoffer who aided 

in the logistical planning of the work, the barge operator in charge of the hydraulic ramp, the 

tugboat operator from Catherwood Towing, and the long reach excavator operator. PSC staff 

were on site to monitor the progress of the work and to act as Environmental Monitors to ensure 

compliance with provincial and federal requirements when working in and around waterways. 

Approval to undertake the work was obtained from the BC Ministry of Forests, Lands and 

Natural Resources and from Fisheries and Oceans Canada. The excavation work was scheduled 

for February when water levels of the lower Fraser River are typically at their lowest, permitting 

maximum access to the river bottom. 

The work commenced on February 20, 2017 with the arrival of the barge, excavator, and tugboat 

at the Mission site. After arrival from New Westminster, the barge was positioned perpendicular 

to the river bank near the concrete blocks of the left bank site. The barge was held in place using 

its hydraulic ramp at the inshore end and a 3800lb concrete block chained to the offshore end. 

The tugboat was positioned against the downstream side of the barge at the offshore end and 

assisted with repositioning the barge and stabilizing during the digging process (Figure 4). The 

tugboat was also used to tow any dislodged large woody debris away from the site.  
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Figure 4. Excavation work in progress at the Mission site with a long reach excavator positioned above the left bank 

area using a 55m-long barge. The tug boat is assisting in positioning and stabilizing the barge during the excavation. 

The compass bearing of the sonar systems during the field season ranges between 320° to 335°. 

To help the excavator operator target the correct area to modify, two range markers were 

positioned onshore showing a bearing of 330°. These markers were visible to the tug boat and 

excavator operator during the project to assist in positioning the excavation work. 

The barge was initially positioned slightly upstream from the centre of the left bank concrete 

blocks. This was the starting point for the first excavation along the length of the barge. 

Beginning at a range of 20m from the shore the excavator slowly redistributed material from the 

river bottom depositing it back into the water either underneath the barge or farther downstream. 

The movement of material downstream was accomplished by rotating the excavator 180° and 

depositing material back into the water on the downstream side of the barge. Excavation was 

completed along the entire length of the barge reaching a maximum offshore range of 60m from 

the left bank concrete blocks. Once this first pass was completed with the excavator, the barge 

was repositioned slightly downstream by 2-3m and excavation was restarted along the length of 

the barge.  Multiple passes were completed in this manner until the entire targeted area had been 

excavated. Each pass took approximately two to three hours to complete.  

The ARIS system was used at several intervals during the process to monitor the progress of the 

river bank modification. After several passes of the project area with the excavator the ARIS 

system was lowered into the water from either the barge or tugboat and used to obtain a visual 

image of the river bottom.  Progress of the excavation was assessed by verifying whether 

acoustic shadows or large woody debris had been removed. Problem areas were revisited by the 
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excavator until there were no further acoustic shadows and debris visible, or further excavation 

was deemed ineffective. 

At the conclusion of the work on February 22nd, 2017, the excavator removed eight large logs 

and redistributed countless buckets of river substrate. The project was completed over a total of 

three days instead of the five days that were originally budgeted, so the project costs were lower 

than anticipated. 

 

Extrapolation procedure on the left bank  

 

To assess whether the excavation work was successful in reducing blind zones in the left bank 

area, we compared left bank salmon passage before and after the excavation. Salmon passage 

near the left bank area is estimated based mainly on data collected from the HTI split-beam 

transducer deployed towards the end of a fish deflection weir. The split-beam is aimed 

perpendicular to the river flow and attached to a rotator allowing it to cycle through multiple 

vertical aims each hour to maximize sampling coverage of the water column. To identify fish 

targets, acoustic echoes detected by the split-beam are grouped using an alpha-beta tracker 

algorithm (Blackman and Popoli 1999) and then filtered with a discriminate function analysis to 

remove noise such as debris or bubbles (Xie et al 2012). The processed split-beam data includes 

the range, depth, swimming speed, swimming direction, and acoustic target strength of all fish 

target tracks.  

 

To determine the daily passage of salmon in the left bank area, a fish-flux estimation model is 

applied to the split-beam target data. This model projects the left bank area onto a 2-dimensional 

plane perpendicular to the river-flow and divides this plane into a spatial grid. Each grid cell has 

a vertical and horizontal dimension of 1m×5m (Figure 5). The density of fish targets and their 

direction of travel are determined within each grid cell sampled by the split-beam and then used 

to calculate upstream fish passage by expanding the net fish density from the hourly sampling 

time. For further details on the fish-flux estimation model see Xie et al 2005. All calculations for 

this analysis were performed in the FluxEstimator software (version 3.2) custom-developed by 

ViTech Research Inc. for the PSC. 

 

Some portions of the water column are not sampled by the split-beam due to the geometry of the 

hydroacoustic beam and the position of the transducer relative to the water surface and river 

bottom. Ignoring the fish passage within these unsampled areas, or blind zones, would cause an 

underestimation of the left bank passage, so a nearest neighbor spatial extrapolation method is 

applied to extrapolate observed fish passage into the blind zones. If a gridded area is not sampled 

but has at least two adjacent grid areas with sampling coverage, then the fish passage in the 

unsampled area is estimated by averaging the fish passage of neighbouring adjacent cells.  

 

To assess the extrapolated versus observed fish passage in the left bank area, the extrapolated 

fish passage can be compared to the total fish passage, the sum of passages in observed and 

extrapolated areas.  The proportion of passage extrapolated on a daily basis can then be 

calculated for each day of operation at the Mission site. We compared the daily extrapolated 

proportion of fish passage post bottom-excavation in 2017 to the daily proportion pre-excavation 
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in 2014, 2015 and 2016. Our hypothesis was that the extrapolated proportion would be lower in 

2017 as a consequence of the bottom profiling work reducing blind zones for the split-beam.    

 

 

 

  

Figure 5. Spatial grid representing the sampling coverage of the left bank split-beam within a 2-dimensional plane perpendicular 

to river flow. The numbers within each grid cell (with a dimension of 1m × 5m) represent the proportion of area sampled directly 

by the split-beam. The thin red line represents the average water surface height for the day, while the black lines represent the 

borders of the split-beam sampling area. Cells with less than 50% sampling coverage will have their fish flux values extrapolated 

from neighbouring cells. The depth coordinates of grid cells are referenced using distance from the river bottom instead of river 

surface to facilitate the extrapolation calculations. 
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RESULTS 
 

Comparison of river bottom profiles near the left bank  

A profile of the river bottom is sampled at the beginning of every field season at Mission to 

determine the boundaries for target extrapolation into blind zones not sampled by the split-beam 

system. The river profile is measured from the transecting vessel using the downward looking 

BioSonics split-beam system that is also used to measure offshore fish density at the Mission 

site. The split-beam data is processed in Echoview 4 using the Line Pick tool to determine the 

bottom depth along the entire cross-section of the river. The BioSonics system also collects GPS 

data allowing the transect line to be plotted on a satellite image of the area. The 2016 and 2017 

profile transects differed in bearing; however, the left bank area of concern for this project was 

sufficiently sampled by both transects (Figure 6). 

 

 
Figure 6. Transect lines used to collect bottom profile data in 2016 and 2017. 

 

The 2016 bottom profile, produced the summer before the bottom excavation work was 

completed, shows distinct convex bumps that create challenges for side-looking sonar systems 

(Figure 7, orange line). The 2017 bottom profile, measured in July 2017 several months after the 

bottom excavation work was completed, does not show any distinct bumps, which suggests that 

the excavation was successful in smoothing the left bank bottom and removing obstructions 

(Figure 7, green line).  
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Figure 7. The 2016 (orange line) and 2017 (green line) bottom profiles of the near shore area on the left bank 

sampled using a BioSonics split-beam transducer. The 2016 bottom profile contains convex bumps at approximately 

38m and 60m range that obstruct the side-looking sonar systems.   

We also compared bottom images collected by the ARIS system before and after the profile 

modification to assess changes in the sampling environment on the left bank. The bottom images 

were collected from a similar location in 2016 and 2017, as verified by GPS coordinates. Bottom 

images collected by the ARIS in 2016 from 0-10m range reveal a mass of large woody debris at 

approximately 10 metres (Figure 8). This large woody debris poses a problem to acoustic 

monitoring as it creates a barrier to side-scanning sound. The large woody debris is absent from 

bottom images of the same area collected in 2017, making a greater portion of the water column 

visible by side-looking sound-beams. Similar results are visible when looking at bottom images 

at 10-20m range from the ARIS (Figure 9); the image from 2016 shows woody debris as well as 

shadows from the woody debris at closer ranges, while the image from 2017 has fewer shadows 

and no woody debris.  
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Figure 8. Bottom images collected by an ARIS in summer 2016 and 2017 from the same location on the left bank at 

a range of 0-10m from the transducer. A large piece of woody debris is visible at 10 metres range in 2016 but absent 

in 2017 following the bottom excavation. 

 
Figure 9. Bottom images collected by an ARIS in summer 2016 and 2017 from the same location on the left bank at 

a range of 10-20m from the transducer. Woody debris and shadows are greatly reduced in the 2017 image compared 

to the 2016 image. 



14 

 

Comparison of left bank extrapolation before and after excavation  

 

The extrapolated proportion of fish passage in the left bank area was similar in 2017, the year 

following the bottom excavation, to the three years prior to the excavation. The total proportion 

of left bank passage extrapolated in 2017 was 31.7%, while the total proportion extrapolated in 

2014, 2015, and 2016 were 34.5%, 27.8%, and 29.1%, respectively (Table 1). Only days where 

the split-beam system was used exclusively to estimate salmon passage were included in the 

comparisons.  In 2014, a DIDSON imaging sonar was also used to estimate left bank salmon 

passage from June 29 to August 10, so these days were excluded from the comparisons. 

 

The daily proportion of left bank passage extrapolated was variable among and within years. 

During the month of July, the daily proportion extrapolated was generally lower in 2017 than it 

was in 2015 and 2016 (Figure 10). However, during the month of August the daily proportion 

extrapolated was generally higher in 2017 than 2015 and 2016. The highest daily proportion 

extrapolated was 44.5% on September 18, 2014, while the lowest daily proportion extrapolated 

was 7.6% on July 19, 2017.  

 

 
Table 1.  Yearly summary of the total and extrapolated salmon passage estimated in the left bank area of the Mission 

site. Only days where the split-beam system was used exclusively for estimating left bank passage were included. 

Year # days included Total left bank 

passage 

Total left bank 

extrapolated 

% left bank 

extrapolated 

2014 52 5,670,000 1,954,000 34.5% 

2015 47 1,257,000 350,000 27.8% 

2016 53 437,000 127,000 29.1% 

2017 81 3,954,000 1,251,000 31.7% 
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Figure 10.  Daily proportion of left bank salmon passage estimated by extrapolation from 2014 to 2017 during the 

months of July to September when hydroacoustic monitoring is conducted. Only days where the split-beam system 

was used exclusively for estimating left bank passage are included.  The daily proportion extrapolated in 2017 

(black line) is after the bottom excavation work, while the daily proportions from 2014, 2015, and 2016 (orange, 

green, and blue lines, respectively) are prior to any bottom excavation of the left bank area.  
 

 

 

 

 

 

DISCUSSION 
 

The objective of this project was to improve the sampling environment near the left bank of the 

Mission site by reprofiling the river bottom and removing obstructions using a long reach 

excavator. The excavation work was successfully carried out over three days in February 2017, 

removing several large logs from the left bank area and redistributing the river bottom sediment. 

Hydroacoustic monitoring of salmon passage was subsequently completed during the summer of 

2017 using the same sampling design as previous years, permitting comparisons of the left bank 

sampling environment to assess the effectiveness of the excavation.   

 

Bottom profiles measured by our vessel-based split-beam system before and after the excavation 

show obvious differences in the shape of the river bottom near the left bank, with the post-

excavation bottom profile being smoother and more uniform. Similarly, bottom images collected 
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using an ARIS before and after the excavation clearly reveal differences in the sampling 

environment. Several large pieces of woody debris are absent from the bottom images after the 

excavation, and the sampling environment has become more uniform with fewer shadowed areas 

where the beam cannot sample the river bottom. These monitoring results suggest an improved 

sampling environment near the left bank that we would expect to result in fewer blind zones 

where the split-beam cannot directly sample fish passage. 

 

Nonetheless, comparisons between the proportion of salmon passage extrapolated after the 

excavation during the summer of 2017 and proportions extrapolated prior to the excavation in 

2014, 2015, and 2016 do not suggest that the proportion extrapolated, and thus the presence of 

blind zones, was reduced following the excavation. The total proportion of left bank salmon 

passage extrapolated in 2017 was 31.7%, which is very similar to 2014, 2015 and 2016 at 34.5%, 

27.8% and 29.1% respectively. These results are initially unexpected given the improvements in 

the bottom profile shape and the sampling environment viewed by the ARIS. However, it could 

be the case that the proportion of salmon extrapolated is insensitive to the shape of the bottom 

profile if fish are surface oriented in response to tidal fluxes or obstructions downstream from the 

monitoring site. The extrapolation algorithm includes areas near the water surface that do not get 

sampled due to the position of the transducer and tidal changes in water height, as well as areas 

at further ranges in the mid-water column that may receive interference from bubbles and 

turbulent currents. The near-bottom area makes up only a portion of the sampling area and unless 

there is a large concentration of fish hugging the bottom, improving the near-bottom sampling 

coverage may not significantly reduce the extrapolated fish passage. We initially expected fish to 

be concentrated near the bottom during the monitoring period in 2017, but on most days we 

observed higher densities of fish in the upper aims of the split-beam sampling area closer to the 

water surface. It remains to be seen whether this distribution of fish passage persists in other 

years, and it may therefore be premature to conclude that the bottom excavation did not affect 

blind zones with only one year for comparison.  

 

Despite the similar proportions of fish passage extrapolated before and after the excavations, the 

improvements to the sampling environment for the imaging sonar ARIS are apparent based on 

comparisons of bottom images before and after. These changes will improve the detection of fish 

targets by the imaging sonar and facilitate the accurate counting of fish passage on the left bank, 

though these improvements are not easily quantified. Further monitoring and comparisons during 

field operations in 2018 and subsequent years should reveal more conclusively whether blind 

zones have been reduced near the left bank.  
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