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ABSTRACT 
 

The Pacific Salmon Commission conducts a hydroacoustics program at Mission B.C. on the 
Fraser River to estimate the daily passage of sockeye and pink salmon.  The sampling system 
includes a shore-based system on the left bank (south shore) of the river and a vessel transecting 
system for the rest of the river.  The small sampling fraction, the transducer blind zones, and the 
avoidance of the vessel by fish introduce uncertainty and bias into the vessel-based estimates of 
salmon abundance.  An investigative study was conducted in the 2006 salmon migration season 
with the installation of a shore-based system on the right bank (north shore) to provide direct 
measurements of salmon flux in that area. This new sampling configuration limits the estimation 
of salmon flux by the vessel to the middle section of the river, and should improve the accuracy 
of salmon flux estimates at Mission, BC. This report presents data analyses from this study. The 
results show that the improvement of the accuracy depends largely on fish distributions across the 
river. When a significant portion of salmon migration occurs in the shore area near the right bank, 
the new sampling approach can significantly improve the accuracy of total salmon estimates. We 
conclude that the addition of a shore-based sonar on the right bank will provide estimates of flux 
that are more robust to dynamic changes of salmon migration in the lower Fraser River. 
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INTRODUCTION  
 
The Pacific Salmon Commission (PSC) conducts a hydroacoustics program at Mission B.C. 

on the Fraser River to estimate the daily passage of sockeye and pink salmon.  This includes a 
shore-based system on the left bank (south shore) of the river and a vessel transecting system for 
the rest of the river. A combined shore-based and vessel based estimate of fish flux is then 
calculated.  The direction of migration and speed of travel data are necessary components to the 
fish flux estimator for the transecting system.  We would prefer to measure these important 
statistics directly from the transecting system.  However, this has not been successful.  Therefore, 
we have extrapolated the direction of migration and speed of travel data as measured by the left-
bank system to the offshore areas of the river covered by the transecting system.  Only fish 
density is measured by the transecting system. 

 
Important assumptions in the current split-beam flux methodology are that fish behaviour and 

the acoustic characteristics of debris are uniform across the river.  However, salmon are believed 
to migrate at different speeds and directional orientation across the Fraser River. This differential 
behaviour in migration can lead to a bias of unknown direction and magnitude in the resulting 
estimates of fish flux from the transecting system. In addition, the design of the vessel based 
transecting system creates large blind zones when sampling the river with the downward-looking 
sound-beam.  This effect is further magnified when sampling in near-shore shallow waters with 
the downward looking sound-beam, which has a reduced sampling volume, and proportionally 
very large blind zones near the river boundaries.  Finally fish demonstrate avoidance of the vessel 
in the shallow near-shore areas (Xie et al., 2005) potentially causing the system to underestimate 
fish density.  

 
The Hydroacoustics Working Group including members of PSC and Department of Fisheries 

and Oceans (DFO) staff examined the migration of salmon on the right bank (north shore) of the 
Fraser River in 1998, 1999, 2002 and 2004-2005.  During these studies, several concerns were 
identified.  First, the group recognized several biases affecting the estimates of fish flux from the 
mobile flux estimation model:  1) Measurement of fish swimming speed and direction of travel is 
uncertain and possibly biased.  2) Fish were found to avoid the vessel in shallow waters.   3) 
Some unusual targets observed in the river channel near the right bank were identified with a dual 
frequency identification sonar (DIDSON) technology to be primarily debris (Xie, et al, 2002, 
2005).  In 2005, PSC staff investigated the potential of a shore-based split-beam system on the 
right bank  of the Fraser River near Mission in response to the recommendations by Judge 
Williams following the 2004 post-season review on the Fraser River salmon fisheries (Williams, 
2005). Preliminary analysis of the 2005 results indicated that the hydroacoustics system on the 
transect vessel does not adequately monitor the pink salmon migration in the near shore areas of 
the right bank. This is due to two principal reasons:  1) Avoidance of the vessel by fish in shallow 
water identified by the DIDSON imagery (Xie, et al, 2005), and 2) Pink salmon in the very 
nearshore areas are inaccessible by the transecting vessel. 

 
The Hydroacoustics Working Group concluded that the fish migration on the right bank 

should be monitored with a system similar to that used on the left bank.  This would achieve two 
goals: 1) Collection of information with a higher sampling effort to produce a more robust density 
estimate of right-bank fish passage than that detected by the vessel  2) Collection of information 
on the direction of migration and speed of travel from the right bank to provide directly measured 
behavioural statistics for the estimation model. This would reduce the potential bias caused by 
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extrapolation of left-bank fish behaviour to the right-bank area in the calculation of the right-bank 
fish flux. 

 
The past studies conducted on the right bank indicated that the deployment of a shore-based 

split-beam system would provide more accurate measurements of fish flux in the vicinity of the 
right bank than that estimated by the vessel-based mobile sounding system. This will result in 
improved estimates of salmon passages in the lower Fraser River and improved fishery 
management of Fraser River sockeye and pink salmon.  Although a temporary experimental site 
has been explored in the past, a permanent site on the right bank would allow for continuous data 
comparable to that collected with the left-bank split-beam system and the vessel-based transect 
system.  The methodology that was used included similar technology and design to that on the 
left bank (Xie et al, 2002, 2005). 
 
 

METHODS AND MATERIALS 
 

Study Site 
 
 The study site was located on the Fraser River, approximately 2 km upstream of a railway 
bridge near Mission, British Columbia on the right bank.  The site location is estimated by a 
differential GPS system at 49o08.298’N, and 122o16.746’W.  This section of the Fraser River is 
approximately 450 meters wide with a varying maximum depth over the salmon migration season 
from approximately 18 meters in June during the high run-off period to 12-13 metres in 
September-October at low flows. Tidal effects are detected at the site. These effects become 
pronounced as the river discharge progressively drops in late summer and fall.  The river can 
momentarily reverse its flow during high tides when the low river discharge is counteracted by 
stronger flood tides. Both banks have steeper near-shore slopes than the offshore slope, 
approximately 10o on the left bank and 21o on the right bank. The bottom profile starts levelling 
off from the left bank beyond 50m range with a much reduced slope of 3o which meets the steep 
right-bank slope in the deepest channel roughly 80 meters offshore from the right bank. The 
bottom substrate on the right bank is mud and silt with limited woody and other debris present up 
to 40 meters from the shore.  The bottom shows a generally planar topography with limited 
shelving or scalping in the bottom area up to 20 meters from the shore. A ridge is present at 36 
meters. 
 

The flow field in the vicinity of the right bank displays a strong range-gradient over a 55 m 
distance from the shore. A cross-river current profile was measured during a transect survey with 
a Teledyne RDI Workhorse Sentinel 1200 kHz Acoustic Doppler Current Profiler or ADCP 
(Figure 1). The ADCP profile indicates a very low velocity field of less than 0.2 m/s within 15m 
from the shore-line. The strong horizontal gradient of currents near the right bank produces a 
strong eddy at about 50 meters from the shore as the near shore area drops off into the deep 
channel.  Higher velocity currents are present in the channel area with a maximum flow speed of 
0.73 m/s. During the spring freshet and other discharge events, the strong currents force a large 
quantity of entrained debris into the channel area. The entrapped debris results in a much noisier 
acoustic ambience (about 15 dB higher) in the channel than in other areas of the river as  
illustrated by the echogram obtained by the downward looking transducer (Figure 2).   
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Cross-river current profile 
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Figure 1. Cross-river current profile measured during a transect survey of river currents by a 
Teledyne RDI Workhorse Sentinel 1200kHz ADCP unit.  
 
 

North-bank turbulence zone

 
 
Figure 2. Echogram acquired by the downward looking transducer from the sounding vessel 
shows a high-noise zone in the deep channel off the right bank at Mission site where large  eddies 
entrap drifting debris and entrained air bubbles.  

 7



     

 

Current sampling configuration 
 

 The current split-beam fish-flux estimator consists of 2 sampling components to provide fish 
samples for a flux estimation model to estimate the net-upstream salmon flux near the left bank and 
the remaining cross section of the river. The two sampling components are:  
 

1. a shore-based side-looking split-beam sonar on the left bank, and  
 
2. a downward-looking split-beam transducer on a moving vessel to conduct transect-

sampling of fish targets in offshore areas from the left bank of the river.  
 

The sampling configurations by the two components are illustrated in Figure 3.  
 

The shore-based system uses a systematic hourly sampling scheme with 10 aims sampling the 
water column sequentially for ten 6-minute segments by 2 transducers (Xie, et al. 2002; Xie, et al. 
2005). The sampling plan makes use of 3 vertical aims with a 4ox10o transducer and 7 aims with a 
2ox10o transducer. This results in a sampling effort between 10 to 20%, relative to the total fish 
abundance passing through the sampled area by the shore-based system. The sampling design is 
focused on maximizing the sounding area while minimizing the collection of noise and reflections 
from river boundaries such as bottom and surface layers. The transducers are moved off-shore as 
necessary throughout the season as river levels drop exposing the transducers or reducing their 
effective coverage area. Both transducers are kept at a bearing of 330o which is approximately 
perpendicular to the discharge flow direction of 240o.  The data collection range for each of the 10 
vertical aims is limited primarily by boundary interactions (bottom or surface) and blooms of debris 
that are released by the mill upstream. 

 
The vessel-based mobile sampling system samples the entire river except the blind zones near 

the river boundaries (Banneheka et al, 1995, Chen et al, 2004). On average, a total of 160 transects 
are conducted daily. Historically, the mobile transect-sampling system samples less than 1% of the 
total abundance past the site.  
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Figure 3. Sampling areas of the left-bank shore-based system and the vessel-based mobile 
sampling system presently used for the Mission hydroacoustic salmon estimation program.  
 

Sampling configuration proposed for the study 
     
While the vessel-based system samples fish targets in offshore areas beyond the maximum 

sounding ranges by the left-bank sonar-beams, the vessel-based estimates of fish flux are subject to 
large uncertainties and biases. This is due to the combined effects of smaller sample size of the 
vertical sound-beam, and the intrusive nature of the moving vessel. To minimize the impact of these 
potential errors introduced by the mobile system, we installed a shore-based side-looking split-
beam sonar system (similar to the one on the left bank) on the right bank to provide direct 
measurements of fish flux off the north bank.  The proposed sampling system for this study consists 
of 3 components as illustrated in Figure 4. These are: 

 
• Two shore-based side-looking multi-aim sampling systems to sample offshore cross-sections 

on both banks of the Fraser River up to 100m from the left bank, and 60m from the right 
bank. Each sampling system comprises 2 split-beam transducers of elliptical beam-widths of 
2o × 10 o and 4 o × 10 o, respectively. The detailed description of the shore-based sampling 
systems can be found in Xie, et al (2002, 2005).    

• A vessel-based downward looking transect-sampling system to sample fish targets in offshore 
areas that are beyond the maximum sounding ranges by the two shore-based sonar-beams. 
The sensor used for this system is a 15o circular-beam transducer. The sampling design and 
efforts are detailed in Xie, et al (2002, 2005).  
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Figure 4. Sampling areas of the left- and right-bank shore-based systems and the vessel-based 
mobile sampling system of the Mission hydroacoustic salmon estimation program.  
 

Sonar systems used on the right bank for the study     
 

We used two sonar systems on the right bank for this study.  The principal system was an 
HTI Model 241 split-beam Digital Echo Sounder (DES) with HTI Model 241 split-beam Digital 
Echo Processor (DEP) version 3.54 (Hydroacoustic Technologies Inc,   1998).  This system 
acquired echo data through 2 split-beam transducers with a 2o x 10o and a 4o x 10o elliptical 
beam-width, respectively.  A single-axis rotator with HTI Model 660 remote rotator controller 
was used to mount and control the transducer aims.  To monitor the depth, the bearing, the pitch 
and the position of the deployment location we used a Jasco AIM 2000 attitude sensor with a 
customized GPS interface (Jasco Research Ltd, 2004). The rotator assembly was mounted on an 
adjustable pole attached to a modified step-ladder anchored to the riverbed (Enzenhofer and 
Cronkite 2005). A dual frequency identification sonar (DIDSON) (Belcher et al, 2002) with a 
composite beam angle of 12° x 29° operating at either 1.1 or 1.8 MHz frequency (depending on 
the application) was used from July 26 to August 4 to resolve detected targets as fish in a 
common cross-section area that was sampled by the right-bank split-beam system. A black Nilex 
snow fence of 1.22m height with a mesh size of 4.9cm x 2.9 cm was anchored with 10-ft rebar 
poles to create a temporary deflection weir to prevent fish from migrating behind the transducers. 
 
 

Data acquisition and processing flow chart 
  

The following flow charts summarize the essential steps from data collection to abundance 
estimation of salmon passages at Mission. Each of the 7 steps is explained with a detailed 
description that follows the flow chart.   
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Detailed descriptions of each component of the flow chart 
  

A. The shore-based systems (both on the left and right banks) use the 4o×10o and 2o×10o 
transducers to detect fish targets.  The echo sounding vessel uses the 15o transducer to 
detect fish targets.   

B. An HTI model 241 system is used on the echo sounding vessel and on the right bank for 
real time processing of the raw echo data collected by the transducers.  An HTI model 
243 system is used on the left bank for the same purpose (Hydroacoustic Technologies 
Inc,   1998). 

C. The PSC Fish Tracker software is used for target tracking (Pacific Salmon Commission, 
1999).  Raw data files are batch processed by this software which uses an alpha-beta 
tracker to build target tracks from the raw data (Blackman,and Popoli, 1999). 

D. The PSC Fish Tracker software uses a discriminant function analyzer (DFA) 
(McLachlan, 1992) to automatically remove noise tracks from the data.  

E. The visual examination and manual cleaning are performed using a graphic user interface 
provided by the software to remove any additional noise (if any after the DFA pattern 
recognition).     

F. The remaining tracks after the DFA and the manual cleaning are considered to be valid 
fish tracks.  The key statistics of these tracks such as the TS, swimming speed, direction 
of travel, etc. are then saved into a daily summary file for fish statistics. 

G. This daily summary file provides a database which is then imported into the PSC Flux 
Estimator program to produce an estimate of total salmon abundance past Mission on the 
corresponding day. 

 
 

Fish-flux estimation model 
     

In 2002, the PSC-DFO joint hydroacoustic working group proposed a net upstream fish flux 
model (Equation (2) of Xie et al, 2002). The basic assumptions of the model are:  

 
1. an upstream migrating fish has a net upstream velocity component when observed in an 

adequate time interval and space, and  
2. a resident fish has a zero net upstream velocity component when observed in an adequate 

time interval and space. 
 
These assumptions led to a net upstream fish-flux model:  

 
  N = U – D   [fish]   (1) 

 
where U and D are the time-and-area integrated fish-flux in the upstream and downstream 
directions,  respectively. N is the time-and-area integrated net upstream fish-flux. Here, the 
integrating time-interval is simply the sampling time and the integrating area is the sampling area 
perpendicular to the upstream migration direction. This flux model is applicable to any sampling 
methods that are designed to sample fish in the upstream and downstream directions. In the 
following, we briefly explain how to apply this model, respectively, to the split-beam data 
collected by the shore-based sideward-looking system, and the downward looking mobile 
sampling system.  
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The application of the flux model to the left-bank split-beam data  
 
 The application of (1) to the data collected by the shore-based sideward-looking split-beam 
sampling system is straightforward. Assuming that over a 24-hour time period, the 7 beams 
shown in Figure 3 sample 6 minutes of fish-flux per hour on the cross-section outlined by the 
beam geometry, we can interpret the total upstream fish counts over this 24-hour time-period 
from these 7 aims U as: 

 

         [fish]     (2) ∑ ∫ ∫
=

++ ⎥
⎦

⎤
⎢
⎣

⎡
⋅=

24

1

360

0

)(
i s

i dtdsvU ρ

where S is the total sampling area by the 7 beams, the value of 360 corresponds to the hourly 
sampling time of 360 seconds by each of the 7 beams, and i indices each of the 24 hours. Note: U 
is a dimensionless quantity. The kernel function (ρ+· ν+) [fish/(m2·s)] inside the integrations is the 
upstream fish-flux where ρ+ [fish/m3] and ν+ [m/s] are the density and swimming speed of 
upstream fish. In practice, we assume that the sampling system provides an unbiased estimate for 
U. Then by using Formula (2) we can estimate the number of upstream fish passing through 
cross-section S per second. So, (2) can be rewritten as   
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    [fish /s]   (3) 

 
 
The same interpretation of the data can be provided for the downstream flux component. The 
resulting net upstream number of fish passing through S per second is estimated as  
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The total number of net upstream fish passing through the monitoring area in this 24-hour time-
interval, denoted as ML, is then estimated by linearly expanding (4) to 24 hours. That is:  
 

  )(1010
36024

)360024( DUNNM L −×=×=
×

××=    [fish]  (5) 

 
However, the total number of net upstream fish passing through the entire left-bank area should 
also include an amount of flux passing through the area that is not directly sampled by the left-
bank system (i.e. in blind zones near the surface and bottom). This amount of flux is estimated by 
extrapolating estimated flux in the sampled area to the un-sampled area using a geo-statistical 
model. The accuracy of extrapolated flux for blind zones will not be discussed in this report. For 
the convenience of presentation, we use ML hereafter to represent the sum of directly measured 
and estimated fish flux (in blind zones) for the left-bank area. 
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The application of the flux model to the mobile split-beam data  

 
The flux model can also be expressed in a modified form as:  

 

)21()()21()( dRDU
DU

DDUN ⋅−×+=
+

⋅−×+=    [fish]     (6) 

 
where Rd = D/(U+D) is the downstream flux ratio (relative to the total flux). This is a convenient 
form of the flux model for the interpretation of fish data acquired by a system that can only 
provide reliable estimation of fish density whereas the velocity information is obtained from other 
means. The current mobile split-beam system is unable to obtain reliable measurements of fish 
speed and direction of travel from mobile samplings. This limitation of the system means that the 
data from the mobile samplings can only be used for the estimation of fish density. The adopted 
approach to handling the mobile split-beam data is to utilize the speed information and the 
downstream flux ratio estimated from the left-bank system, and the density information obtained 
from the mobile system to construct an estimator for N from (6). The detailed derivations of the 
flux model are given in Appendix 1 of Xie et al, 2005. The resulting estimator for the total 
number of net upstream fish in a 24-hour time interval across the river, denoted as MV, is:  

 
nMV ××= )360024(        [fish]   (7)  

 
where n is the number of net upstream fish passing through the entire cross-section per second, 
and is  estimated by the following formula:  
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In the above expression, U and D are the upstream and downstream fish-flux integrated over the 
sampling time and sampling area by the left-bank system. ν+ and ν- are upstream and downstream 
fish swimming speeds estimated from the left-bank data.  mT is the averaged number of  detected 
fish per transect estimated from the mobile split-beam data. Note: mT is a volumetric integration 
of fish density by the moving sound-beam, a dimensionless quantity. L is a depth-averaged beam-
width of the 15o sound-beam across the river. An important assumption in estimator (8) is that the 
behaviour (speed, direction of travel) of fish migrating inside the shore-areas near the left bank is 
equivalent to those fish migrating in the rest of the river (i.e. outside the monitoring area of the 
left-bank system). 

 
 
 

Current estimator of daily upstream salmon flux past Mission  
 

The total number of net upstream fish per day (24 hours) across the entire river, denoted as 
M, is estimated by merging the flux in the inshore area of left bank estimated by the shore-based 
system with flux estimated in the off-shore area by the mobile system. The current form of the 
estimation model for the daily total salmon flux past Mission is:   
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      [fish]  (9) )( LVL rrMMM >+=
 
where r is the cross-river range relative to the left-bank reference dolphin, and rL is the maximum 
coverage  range by the left-bank sounding system. The expression of MV (r > rL ) denotes the 
offshore portion of  M from the left bank. To assess the accuracy and potential biases of this 
estimator, we need to answer the following key questions about the estimator:  

 
1. How accurate is the left-bank system in estimating fish-flux in the sampled inshore area? 
2. How accurate is the extrapolation method in estimating the flux in the left-bank un-

sampled area?  
3. Does swimming behaviour of fish vary across the river? If so, how large is the bias in the 

estimation when using left-bank data to infer behavioural statistics of fish migrating in 
the middle channel and near the right bank? 

4. Do fish avoid the transect vessel?  
 
Questions 1, 3, and 4 have been addressed by a series of experimental studies using dual-
frequency identification sonar (DIDSON) system in 2004-2005 field seasons (Xie, et al, 2005).  
The current study is focused on behavioural differences of migrating salmon in shore areas near 
the left and right banks. The objective of this study is to quantify bias in right-bank fish flux 
estimation by the current method.  
  

Proposed estimator of daily upstream salmon flux past Mission 
 

By adding a shore-based side-viewing split-beam sonar on the right bank to the existing 
sampling system, we can directly measure fish flux off the right bank. The sampling method and 
estimation model for the right-bank system are similar to that of the left-bank system as described 
above. The total number of net upstream fish passing through the monitoring area by the right-
bank system in a 24-hour time-interval is denoted as MR. The proposed form of the estimation 
model for the daily total salmon flux past Mission is:   
 
  RRLVL MrrrMMM +<<+= )(     [fish]  (10) 
 
where rR is the maximum coverage  range by the right-bank sounding system (using the left-bank 
dolphin as a range reference). The expression MV (rL <r < rR) denotes the offshore portion of MV 
that is beyond the maximum sounding ranges from the left and right bank. The 2 maximum 
sounding ranges of the two shore-based systems are normally set to approximately 100m for the 
left bank and 60m for the right bank.  
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RESULTS  
 

A total of 59 days of data were collected by the right-bank split-beam system that was running 
concurrently with the left-bank and mobile sampling systems from July 22 to September 18, 2006. These 
data provide opportunities to investigate the following questions about the current method in estimating 
right-bank fish flux:  
 

1. Do fish migrating near the right bank show statistically similar behaviour as fish near the left 
bank?  

2. How much is the bias in the estimation of right-bank fish flux relative to the direct measured 
flux by the right-bank split-beam system?  

3. By how much will the estimates of total flux change across the entire river width by adding a 
right-bank split-beam sonar to the current sampling system?  

 
We present results from analyses of 16 days of the concurrent data from the 2 shore-based systems and 
the vessel-based system to address these 3 questions.  These 16 days were chosen from 4 time periods in 4 
run-timing groups of Early Stuart, Early Summer, Summer and Late runs.  

 

Right-bank fish behaviour versus fish behaviour near the left bank 
 

Based on the 16 days of concurrent behaviour estimates by the two shore-based split-beam 
systems of migrating fish near the two bank areas, we compare behaviour differences that may 
impact the estimation. The current estimation model estimates right-bank flux through Formula 
(8). For analysis purposes, we rewrite (8) as  
 

L
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The 3 behavioural factors can be quantified and compared from the 16 pairs of data from the left-
bank and right-bank systems. Table 1 summarizes the numerical values of F1, F2, and F3 
estimated from the left- and right-bank systems for the 16 days.  
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Table 1. Estimated numerical values of F1, F2 and F3 from 16 days of left-bank and right-bank 
data. Also listed are corresponding ratios of the 3 factors between left- and right banks.  
 

Date Left-bank F1 Right-bank F1 Left-bank F2 Right-bank F2 Left-bank F3 Right-bank F3 

22-Jul 0.65 0.37 0.94 1.07 0.61 0.25 
23-Jul 0.66 0.39 0.96 1.04 0.72 0.44 
24-Jul 0.63 0.38 0.97 1.02 0.61 0.47 
26-Jul 0.70 0.36 0.93 1.05 0.63 0.27 
1-Aug 0.70 0.48 0.99 0.95 0.94 0.41 
2-Aug 0.67 0.56 0.96 0.92 0.87 0.41 
3-Aug 0.71 0.72 0.96 0.93 0.87 0.62 
4-Aug 0.69 0.73 0.94 0.84 0.80 0.10 

16-Aug 0.70 0.69 0.94 0.94 0.82 0.74 
17-Aug 0.71 0.71 0.95 0.97 0.88 0.88 
18-Aug 0.69 0.72 0.98 0.98 0.86 0.89 
19-Aug 0.66 0.67 0.95 0.99 0.81 0.91 
5-Sep 0.48 0.49 0.99 0.98 0.92 0.91 
7-Sep 0.45 0.41 1.03 1.00 0.76 0.86 
8-Sep 0.46 0.43 0.98 1.01 0.83 0.86 
9-Sep 0.51 0.50 0.99 1.00 0.84 0.59 
Mean 0.63 0.54 0.97 0.98 0.80 0.60 

Ratio  1.17  0.99  1.33  
 
 
The comparative analysis of behavioural factors indicates that the right-bank F1 and F3 are 
significantly different than that in the left-bank area (Table 1). The right-bank F1 and F3 are 
overestimated by the left-bank data by 17% and 33%, respectively, while F2 is statistically 
similar for both banks. The collective effect from inaccurate estimation of right-bank fish 
behaviour by using the left-bank fish behaviour results in a significantly high bias in fish 
behaviour contribution to the flux, i.e., F1 × F2 × F3 =1.17 × 0.99 ×1.33 = 1.53.  Therefore, the 
extrapolation of fish behaviour from left bank to right bank could potentially produce a 53% high 
biased estimate for the right-bank fish flux if fish density mT  is measured accurately by the vessel 
(see Formula (9)).   
 
 

Right-bank fish flux estimates from the shore-based and vessel-based systems  
 

The two parallel data-sets  provide a comparison between right-bank fish flux estimated  by 
the current method and that measured directly by the right-bank system. Table 2 enlists the 
differences in daily estimates of right-bank fish flux by the two methods for the 16 days. It 
appears that the difference becomes much more pronounced as the season progresses with the 
largest differences occurring in early September.  
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Table 2. Sixteen days of estimated right-bank fish flux by the current method versus directly 
measured flux by the right-bank split-beam system.  Also listed are the daily percentages of right-
bank flux relative to the total flux.    
       

Date Estimated RB flux by the 
mobile system 

Measured RB flux by the 
RB split-beam system 

Percentage of RB 
flux w.r.t. total flux 

22-Jul 416 78 1%
23-Jul 400 676 11%
24-Jul 1113 780 10%
26-Jul 1057 208 2%
1-Aug 11202 5105 11%
2-Aug 10436 9678 21%
3-Aug 25025 14658 22%
4-Aug 7150 5652 15%

16-Aug 5238 9134 16%
17-Aug 9369 21014 31%
18-Aug 11185 23874 35%
19-Aug 6512 11509 22%

5-Sep 44229 139373 59%
7-Sep 30771 83723 43%
8-Sep 36476 54608 31%
9-Sep 18903 17634 20%

 
The current method significantly underestimated the right-bank fish flux in September. The 
comparison of the16-day estimates indicates that relative to the direct measurements, the current 
method underestimated the cumulative flux producing only 55% of directly measured right-bank 
flux. This result appears to be counter-intuitive as the current method shows a positive bias of 
53% in estimating behaviour factors for the right-bank fish as shown above. This leads to the 
likelihood that the vessel-based sampling system missed a significant portion of the fish passage 
in the near shore area with the underestimation of mT.   
 

Estimation of bias in the measurements of fish density by the vessel-based 
system  
 
 

The behavioural bias in the current estimation model for the right-bank fish flux is quantified 
with the 16 days of concurrent data by the two shore-based systems (Table 1). We have also 
compared the right-bank flux estimation difference for the 16 days between the current method 
and the directly measured flux by the right-bank system (Table 2). While biases in the 3 
behavioural factors can be estimated from the data, the effect of bias in the measurements of fish 
density mT by the vessel cannot be directly estimated due to the limitation of the data.  Therefore, 
an indirect approach was used to estimate measurement bias of mT by the vessel-based sampling 
system based on the following assumptions:  
 

1. If there is no bias in behavioural and density estimates by the vessel, Model (11) should 
result in identical estimates of right-bank flux to that measured directly by the right-bank 
shore-based system. Mathematically, this assumption leads to  
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where superscript R indices the values of the corresponding factors on the right bank.   

 
2. The observed difference in the estimates of right-bank flux between the current method 

and the method based on direct measurements are solely due to biased estimates of 
behavioural factors by using left-bank fish behaviour and density measurements from the 
vessel-based transducer as inputs to Model (11). 

 
The current method estimates the right-bank flux from left-bank and vessel-based data as:  
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where mT and L are constrained to right-bank area, i.e., r > rR. From the 16 days of data, we can 
estimate the averaged ratio of MV over MR, and ratios of individual behavioural factors. With (12), 
(13) and estimated ratios in Table 1 and 2, we obtain  
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Therefore, the vessel only detected 36% fish density on the right bank as estimated from (14):   
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The negative bias of this magnitude outweighs the positive bias in the estimated behavioural 
factors of 1.53. As a result, the resulting flux is negatively biased by 45%(=1-0.55).    
 
 

Differences in total salmon estimation between current method and proposed 
method  
 

It is important to examine numerical differences in daily estimates of total salmon between 
the current and the proposed methods, i.e., estimates derived from (9) versus that from (10). For 
this comparison purpose, we utilize all the data collected from July 22 to September 18 for the 
analysis. Figure 5 shows the temporal comparison of the two estimates.  
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Total Salmon Estimation by Current and Proposed Methods
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Figure 5. Time series of daily total salmon estimates from July 22 to September 18, 2006 by the 
current and proposed methods (Formula (9) vs. (10)) for the 2006 management season. Also 
shown are the cumulative totals by the two methods.   
 
Although the difference between the two methods is only 8% with Estimator (10) producing 
340,582 more fish than Estimator (9) for the 59 days of estimation, our concern is focused on the 
large differences on September 5th and 7th when the late-run fish passage peaked at Mission.  
Migration in these two days accounted for a significant portion of the total late-run fish past 
Mission with Estimator (10) producing 147,000 more fish than (9). The relative estimation 
difference between the two methods for the two days is 66% with Estimator (9) producing only 
66% of the total flux estimated by Estimator (10).   
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SUMMARY  
 
 

Our analyses indicate that the current method underestimates the right-bank flux relative to 
the direct measured flux by a shore-based side-looking split-beam system on the right bank. The 
major findings from this study are summarized as follows:  
 

1. The current method overestimates the right-bank fish behaviour factors (F1 and F3) by 
53%. The main reason for this overestimation is due to the use of fish behaviour statistics 
measured near the left bank where fish are found moving upstream faster and displaying 
a much smaller downstream flux component than the right-bank fish,  

2. The current method only detects 36% of right-bank fish density mT. The main reason for 
this underestimation is due to the use of a moving vessel for measuring fish density in the 
shore areas of the right bank. Although the dominating mechanism for causing such 
underestimation has not been quantitatively identified, the probable causes include effects 
from: a) vessel-avoidance behaviour in shallow waters, b) surface and bottom blind zones 
of the downward looking transducer in shore areas.  

3. The underestimation of density mT outweighs the overestimation of F1 and F2 resulting 
in a low biased estimate of right-bank flux compared to the direct flux measurement by 
the right-bank system. The magnitude of this negative bias depends most importantly on 
how many fish (relative to the total passage across the entire river) utilize the right-bank 
area for upstream migration. When the right-bank migration is low such as indicated by 
the 14 days of data in Table 2 (excluding the two peak migration days of September 5th 
and 7th), and the right bank accounts for only 24% of daily total migration, the current 
method results in a very small negative bias of merely 3% in the total flux estimation. 
However, if a significant portion of fish abundance start migrating upstream near the 
right bank as observed on September 5th and 7th when the right bank accounts for 52% 
of the total migration, the current method (Estimator (9)) produces only 66% of the total 
migration estimated by the proposed method (Estimator (10)).   

 
We conclude that the addition of a shore-based sonar system to the current sampling system 

will likely improve the accuracy of abundance estimation at Mission. However, the extent of such 
improvement depends mainly on the portion of total flux that can be directly measured by a 
range-limited side-looking system from the right bank. Since the maximum sounding range by the 
right-bank split-beam system is unlikely to extend significantly beyond 60m due to the presence 
of the acoustic noise zone in the deep channel, the extent of accuracy improvements by adding 
the right-bank system is dependent mainly upon fish distributions across the river. When the 
right-bank migration is small, the proposed method only gains a moderate improvement in 
accuracy of the total abundance estimates. When the right-bank migration is heavy, the proposed 
method gains a significant improvement in accuracy of the total abundance estimates. Adding a 
right-bank sonar system as a sampling component to the current sampling system will likely lead 
to improvement in the accuracy of estimations of salmon abundance past Mission.  
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RECOMMENDATIONS  
 

Based on the findings from this study, we recommend the continuation of the shore-based 
split-beam system on the right bank to directly measure fish-flux in this area as part of the regular 
in-season estimation of daily passage of salmon at Mission. Also, we propose to use a long-range 
DIDSON system in conjunction with the split-beam system, to assess and verify fish passage near 
the right bank where the acoustic environment can be affected by the presence of large quantities 
of debris trapped by offshore eddies.   
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Introduction: 

This is an annex to the document submitted to the Southern Boundary Restoration and 
Enhancement Fund for the development of a Hydroacoustics system on the right bank (north) of 
the Fraser River near Mission B.C. to monitor salmon passage.  This document covers the 
construction of a permanent site on the North Bank of the river. The project was conducted in 
multiple stages and includes: 

• site evaluation and selection  

• property development, access and lease negotiation 

• construction and installation of a self-contained unit for electrical power,  

• site engineering and construction.  

 

Site Evaluation and Selection 

Feasibility studies were conducted at several locations along the stretch of river near the 
current Left-bank hydroacoustic facility. The preferred site would have a straight channel with 
laminar flow, a planar bottom with limited shelving or scalloping and free of large boulders, 
actively migrating fish, and limited amount of human activity. (Enzenhoffer et al. 1998).  We 
conducted preliminary wet test surveys at the selected location to verify the above requirements 
were met.  After selecting an appropriate site and completing a site design and engineering 
report we applied to the Southern Endowment Fund for funding of a onetime capital cost of 
developing the site and purchasing the equipment to operate the site.  The ongoing operation of 
the site was covered under the Pacific Salmon Commission’s (PSC) annual operating expense. 

Property development, Access and Lease Negotiation 

Once an appropriate site was identified, the Real Property Division of the Department of 
Fisheries and Oceans (DFO) was consulted to determine the best course of action for 
developing the site.  The engineering team inspected the site and reviewed the plans for 
developing a gravel pad and Lock-Block wall as designed and recommended by Hermann 
Enzenhoffer of DFO.  The team recommended that a road be constructed for site access and 
hydro lines be installed for electrical power.  They also recommended a real estate consultant 
be engaged to determine ownership of the land, right-of-way, and how it might be acquired or 
leased. 

On the recommendation of DFO we hired the services of Colliers International to 
develop a list of land tenure options, land title and survey information, land use regulations, and 
all relevant real estate market data. The parcel of land that we had identified as meeting our 
criteria was owned by Canadian Pacific Railway (CPR), legal description 85.50 Cascade Sub 
PID 013-088-386. Negotiations were undertaken with CPR to allow the PSC access to the land 



to operate a hydroacoustic facility.  A proposal was sent to Canadian Pacific Railway that 
included the installation of a roadway and installation of hydro-poles crossing the railway tracks 
adjacent to the property.  This proposal was rejected and we were informed that a future 
proposal should not include the roadway or the hydro pole as these would not be approved.  
Without road access to bring in machinery and materials to the site, plans had to be modified to 
allow for a lighter more portable installation.  Modifications included using alternate power 
sources for operating our hydroacoustic equipment, developing a portable weir system that 
could be brought in by boat, and transporting all construction material and machinery by barge 
as we were only to access the site by river.  A new lease proposal for the plot of land located off 
of Mile 85.50 Cascade Sub, Mission, BC was sent to CPR.   In this proposal all ingress and 
egress to and from the leased land would be by means of the water course, and we would not at 
any time be within 100 feet of the railway tracks.  A lease agreement with Canadian Pacific 
Railway was reached and a notification was sent to the Ministry of Environment which allowed 
us to commence the work.  

 

Construction and Installation of a Self-contained Unit for Electrical Power 

Supplying electrical power to our equipment without the use of standard hydroelectric 
poles required alternative sources that would be reliable and safe for scientific grade electrical 
components.  In the past we have used generators equipped with inverters that provide clean 
pure sine wave output electrical power to our sensitive electrical equipment.  During the initial 
feasibility study, we used small portable Honda 2000 ex generators.  These are relatively 
efficient under normal operating conditions consuming approximately 20 liters of gas at full 
throttle over a 24 hour time period.  However, these generators are not designed for continuous 
use and require frequent oil changes and servicing.  We decided to invest in alternative power 
supplies for a long term solution to our electrical needs.   

The DFO Applied Technology Group developed a “Power Supply System for Remote 
Site Application” (Enzenhoffer et al. 2007).  This system allows uninterrupted supply of electrical 
power that is supplied by solar, wind and water generation which is then stored in a bank of 
batteries.  The battery storage consisted of four 6V batteries; the power stored in the batteries 
goes to a Pure Sine inverter to supply 120 VAC for the computer and acoustic systems.  We re-
profiled the cost of building a road and installing power poles from our original budget in order to 
design and build a power supply system for this site (Figure 1).   

 



 

Figure 1.  Photo of “Power Supply System for Remote Site Application” 
(Enzenhoffer et al.).  Photo shows Wind generator at top of mast, solar panels 
half way down mast, and four yellow tethers supporting mast. 

 

Site Engineering and Construction 

A portable weir system was designed and constructed to withstand the constant 
pressure of the river current and any debris load that came downstream.  The weir was made of 
three 3.5 meter sections.  These sections were nested inside one and other for transport and 
could be telescoped out when deployed.  The frame itself was made of light-weight aluminum 
channel.  The structure covered a 10 meter section of river from the right-bank out into the river 
(Figure 2). In the 2007 field season, it was moved once to account for the dropping river levels.  
The weir was effective at directing migrating salmon out from the bank and into the zone 
insonified by the acoustic systems.   



 

 

Figure 2.  Photo showing the portable weir system deployed at Mission Rightbank 
acoustic site prior to the installation of the Lock Block wall.  The shed containing 
the monitoring equipment and the solar panel stand can be seen in the 
background. 

The final design for the site consisted of a Lock-Block wall designed to stabilize the 
bank, to provide a strong foundation for the attachment of the weir and to ensure consistent 
positioning of transducers and sensors.  Behind the Lock-Blocks, a gravel pad was to be 
installed to provide a level area for the covered storage shed for the electronic systems, and 
power supply. 

 The work by Tamihi Construction to prepare the right-bank for the right bank 
hydroacoustic site took place March 17-19, 2008.  All materials and machinery were transported 
by barge as all access to the site was to be made by river.  Barge access was difficult because 
there was no accessible location to moor and unload the barge.  As a result, the machinery and 
materials were dropped off roughly 300 m downstream and a temporary roadway was built on 
the riverbank to access the site. The river bank was leveled off to create a straight section of 
bank for the Lock-Block wall (Figure 3).  This area was dug out and rip-rap and crush were laid 
down to allow a base for the Lock-Blocks to settle.  The Lock-Block wall was pitched towards 
the bank, and before the top section of blocks was placed, a piece of geogrid was laid between 
the blocks and rolled back to allow back-fill to be set in place to tie in the wall.  



The bank soil was made up of a silt and clay material that contained a significant amount 
of interstitial water.  This resulted in bank instability and it was necessary to use a geotextile 
fabric to reinforce the soil and allow it to compact and avoid excess loss of riprap to the ground.  
In this application the geotextile fabric was laid as a barrier to prevent the riprap from sinking 
into the silt and mud, it also increased the bearing strength of the weak subsoil as the fabric 
allowed excess water to drain into the subsoil below.  Three-inch crush was added to the top of 
the riprap and the extra weight of bed material caused a considerable amount of water to drain 
from the soil below, providing a firm working platform.  A 7 inch diameter conduit was buried at 
the site to allow the hydroacoustic cables to be run from the shed to the water while remaining 
safely out of the way from vandalism and incidental contact by workers.  

 

Figure 3.  Photo of the Lock-Block wall located on the Right bank of the Fraser River.  
Photo shows the riprap used to secure the bank, the green conduit that will house the 
cables and the water that drained from the soil when the geo-fabric and crush was 
installed. 

Five Lock-Blocks were buried in the ground in an X pattern (Figure 4). The center block 
will be used as a base to anchor the solar panel mast and the other four are to serve as anchors 
to attach the tethers to secure the mast.  Bolts were attached to the center Lock-block to allow 
an attachment point for the aluminum channel that makes up the base of the solar panel mast. 



 

 

Figure 4. Photo of the concrete blocks buried at the site to be used as a base and anchors for the 
tethers securing the solar panel mast. 

An aluminum set of stairs was manufactured by Steel-tec and will attach to the top of the 
Lock-block wall and run to the river bank.  The stairs will make transportation of equipment and 
daily data collection easier and safer. No permanent fence was installed as there were concerns 
about damage from high water and vandalism.  We have rented temporary fences in the past 
and they have been well suited for our needs.  Each section is four feet wide and eight feet high, 
portable, and can be arranged in any format to accommodate our needs.  

Conclusion 

The construction of the Right-bank facility on the Fraser River will allow for a level and 
well drained platform to install our shed that will house all of our sonar equipment.  This 
permanent site will allow for continuous data collection comparable to that collected with the 
split-beam system on the left bank.  The increase in sampling time and space should provide a 
more accurate and precise estimate of salmon abundance for fishery management. The 
portable weir will ensure that fish are directed into the insonified zone in front of the transducers. 



Finally the “Power Supply System for Remote Site Application” will allow for a reliable power 
supply, which will be less reliant on gas generators.  
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Introduction: 

This is an annex to the document submitted to the Southern Boundary Restoration and 
Enhancement Fund for the development of a Hydroacoustics system on the right bank (north) of 
the Fraser River near Mission B.C. to monitor salmon passage.  This document covers the 
construction of a permanent site on the North Bank of the river. The project was conducted in 
multiple stages and includes: 

• site evaluation and selection  

• property development, access and lease negotiation 

• construction and installation of a self-contained unit for electrical power,  

• site engineering and construction.  

 

Site Evaluation and Selection 

Feasibility studies were conducted at several locations along the stretch of river near the 
current Left-bank hydroacoustic facility. The preferred site would have a straight channel with 
laminar flow, a planar bottom with limited shelving or scalloping and free of large boulders, 
actively migrating fish, and limited amount of human activity. (Enzenhoffer et al. 1998).  We 
conducted preliminary wet test surveys at the selected location to verify the above requirements 
were met.  After selecting an appropriate site and completing a site design and engineering 
report we applied to the Southern Endowment Fund for funding of a onetime capital cost of 
developing the site and purchasing the equipment to operate the site.  The ongoing operation of 
the site was covered under the Pacific Salmon Commission’s (PSC) annual operating expense. 

Property development, Access and Lease Negotiation 

Once an appropriate site was identified, the Real Property Division of the Department of 
Fisheries and Oceans (DFO) was consulted to determine the best course of action for 
developing the site.  The engineering team inspected the site and reviewed the plans for 
developing a gravel pad and Lock-Block wall as designed and recommended by Hermann 
Enzenhoffer of DFO.  The team recommended that a road be constructed for site access and 
hydro lines be installed for electrical power.  They also recommended a real estate consultant 
be engaged to determine ownership of the land, right-of-way, and how it might be acquired or 
leased. 

On the recommendation of DFO we hired the services of Colliers International to 
develop a list of land tenure options, land title and survey information, land use regulations, and 
all relevant real estate market data. The parcel of land that we had identified as meeting our 
criteria was owned by Canadian Pacific Railway (CPR), legal description 85.50 Cascade Sub 
PID 013-088-386. Negotiations were undertaken with CPR to allow the PSC access to the land 



to operate a hydroacoustic facility.  A proposal was sent to Canadian Pacific Railway that 
included the installation of a roadway and installation of hydro-poles crossing the railway tracks 
adjacent to the property.  This proposal was rejected and we were informed that a future 
proposal should not include the roadway or the hydro pole as these would not be approved.  
Without road access to bring in machinery and materials to the site, plans had to be modified to 
allow for a lighter more portable installation.  Modifications included using alternate power 
sources for operating our hydroacoustic equipment, developing a portable weir system that 
could be brought in by boat, and transporting all construction material and machinery by barge 
as we were only to access the site by river.  A new lease proposal for the plot of land located off 
of Mile 85.50 Cascade Sub, Mission, BC was sent to CPR.   In this proposal all ingress and 
egress to and from the leased land would be by means of the water course, and we would not at 
any time be within 100 feet of the railway tracks.  A lease agreement with Canadian Pacific 
Railway was reached and a notification was sent to the Ministry of Environment which allowed 
us to commence the work.  

 

Construction and Installation of a Self-contained Unit for Electrical Power 

Supplying electrical power to our equipment without the use of standard hydroelectric 
poles required alternative sources that would be reliable and safe for scientific grade electrical 
components.  In the past we have used generators equipped with inverters that provide clean 
pure sine wave output electrical power to our sensitive electrical equipment.  During the initial 
feasibility study, we used small portable Honda 2000 ex generators.  These are relatively 
efficient under normal operating conditions consuming approximately 20 liters of gas at full 
throttle over a 24 hour time period.  However, these generators are not designed for continuous 
use and require frequent oil changes and servicing.  We decided to invest in alternative power 
supplies for a long term solution to our electrical needs.   

The DFO Applied Technology Group developed a “Power Supply System for Remote 
Site Application” (Enzenhoffer et al. 2007).  This system allows uninterrupted supply of electrical 
power that is supplied by solar, wind and water generation which is then stored in a bank of 
batteries.  The battery storage consisted of four 6V batteries; the power stored in the batteries 
goes to a Pure Sine inverter to supply 120 VAC for the computer and acoustic systems.  We re-
profiled the cost of building a road and installing power poles from our original budget in order to 
design and build a power supply system for this site (Figure 1).   

 



 

Figure 1.  Photo of “Power Supply System for Remote Site Application” 
(Enzenhoffer et al.).  Photo shows Wind generator at top of mast, solar panels 
half way down mast, and four yellow tethers supporting mast. 

 

Site Engineering and Construction 

A portable weir system was designed and constructed to withstand the constant 
pressure of the river current and any debris load that came downstream.  The weir was made of 
three 3.5 meter sections.  These sections were nested inside one and other for transport and 
could be telescoped out when deployed.  The frame itself was made of light-weight aluminum 
channel.  The structure covered a 10 meter section of river from the right-bank out into the river 
(Figure 2). In the 2007 field season, it was moved once to account for the dropping river levels.  
The weir was effective at directing migrating salmon out from the bank and into the zone 
insonified by the acoustic systems.   



 

 

Figure 2.  Photo showing the portable weir system deployed at Mission Rightbank 
acoustic site prior to the installation of the Lock Block wall.  The shed containing 
the monitoring equipment and the solar panel stand can be seen in the 
background. 

The final design for the site consisted of a Lock-Block wall designed to stabilize the 
bank, to provide a strong foundation for the attachment of the weir and to ensure consistent 
positioning of transducers and sensors.  Behind the Lock-Blocks, a gravel pad was to be 
installed to provide a level area for the covered storage shed for the electronic systems, and 
power supply. 

 The work by Tamihi Construction to prepare the right-bank for the right bank 
hydroacoustic site took place March 17-19, 2008.  All materials and machinery were transported 
by barge as all access to the site was to be made by river.  Barge access was difficult because 
there was no accessible location to moor and unload the barge.  As a result, the machinery and 
materials were dropped off roughly 300 m downstream and a temporary roadway was built on 
the riverbank to access the site. The river bank was leveled off to create a straight section of 
bank for the Lock-Block wall (Figure 3).  This area was dug out and rip-rap and crush were laid 
down to allow a base for the Lock-Blocks to settle.  The Lock-Block wall was pitched towards 
the bank, and before the top section of blocks was placed, a piece of geogrid was laid between 
the blocks and rolled back to allow back-fill to be set in place to tie in the wall.  



The bank soil was made up of a silt and clay material that contained a significant amount 
of interstitial water.  This resulted in bank instability and it was necessary to use a geotextile 
fabric to reinforce the soil and allow it to compact and avoid excess loss of riprap to the ground.  
In this application the geotextile fabric was laid as a barrier to prevent the riprap from sinking 
into the silt and mud, it also increased the bearing strength of the weak subsoil as the fabric 
allowed excess water to drain into the subsoil below.  Three-inch crush was added to the top of 
the riprap and the extra weight of bed material caused a considerable amount of water to drain 
from the soil below, providing a firm working platform.  A 7 inch diameter conduit was buried at 
the site to allow the hydroacoustic cables to be run from the shed to the water while remaining 
safely out of the way from vandalism and incidental contact by workers.  

 

Figure 3.  Photo of the Lock-Block wall located on the Right bank of the Fraser River.  
Photo shows the riprap used to secure the bank, the green conduit that will house the 
cables and the water that drained from the soil when the geo-fabric and crush was 
installed. 

Five Lock-Blocks were buried in the ground in an X pattern (Figure 4). The center block 
will be used as a base to anchor the solar panel mast and the other four are to serve as anchors 
to attach the tethers to secure the mast.  Bolts were attached to the center Lock-block to allow 
an attachment point for the aluminum channel that makes up the base of the solar panel mast. 



 

 

Figure 4. Photo of the concrete blocks buried at the site to be used as a base and anchors for the 
tethers securing the solar panel mast. 

An aluminum set of stairs was manufactured by Steel-tec and will attach to the top of the 
Lock-block wall and run to the river bank.  The stairs will make transportation of equipment and 
daily data collection easier and safer. No permanent fence was installed as there were concerns 
about damage from high water and vandalism.  We have rented temporary fences in the past 
and they have been well suited for our needs.  Each section is four feet wide and eight feet high, 
portable, and can be arranged in any format to accommodate our needs.  

Conclusion 

The construction of the Right-bank facility on the Fraser River will allow for a level and 
well drained platform to install our shed that will house all of our sonar equipment.  This 
permanent site will allow for continuous data collection comparable to that collected with the 
split-beam system on the left bank.  The increase in sampling time and space should provide a 
more accurate and precise estimate of salmon abundance for fishery management. The 
portable weir will ensure that fish are directed into the insonified zone in front of the transducers. 



Finally the “Power Supply System for Remote Site Application” will allow for a reliable power 
supply, which will be less reliant on gas generators.  
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