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1 INTRODUCTION 

Monitoring flows on a continuous basis is important in characterizing the hydrology – baseflows, 

and daily, monthly, and peak flows – of the Pachena River and Rousseau Creek watersheds. 

Streamflow is the main mechanism by which water moves from the land to the oceans and this 

connection to the land can elucidate how changes in streamflows over time may be related to 

physical changes in the landscape or climatic effects on the landscape. Flow is a fundamental 

property of streams that affects everything from temperature of the water and concentration of 

various substances in the water (water quality) to the distribution of habitats and organisms 

throughout the stream. Low flow periods in summer along with warmer weather allow the stream 

to heat up. By continuously monitoring water temperatures along with flows, high water 

temperatures that may be outside the range of temperature preferences for salmon and trout, and 

that may contribute to critically low dissolved oxygen levels can be pinpointed.   

 

Streamflow gauging determines the discharge or volume of water per cross-section of stream per 

time interval at a given location. Continuous monitoring of streamflow allows discharge to be 

plotted as a time series, which gives a more complete picture of streamflow dynamics and, when 

plotted over a year, is termed an annual hydrograph. A hydrograph is essentially the “flow 

signature” of a stream, and measures either the discharge or water level over time. Hydrographs 

are very useful for characterizing streams and rivers by, for example, quantifying how quickly 

they rise in response to rainstorms and how quickly they attenuate after a rainstorm, and 

determining at what time of the year minimum and peak flows occur and the duration of these 

minimum and peak flows.  

 

As an Huu-ay-aht First Nations (HFN) ʔuuʔałuk Watershed Renewal Technical Working Group 

(UTWG) project, continuous water flow and temperature monitoring stations were installed in 

September 2020 at two locations within the Pachena River watershed:  upper Pachena River 

(Reach P6) and Rousseau Creek (Reach 1). This interim report describes the objectives, 

methodology, and results to date for the flow and temperature data collected at the two 

monitoring stations. It also describes some limitations to the current approach at accurately 

determining the full range of discharges at these stations, and provides some recommendations to 

sustain the monitoring programme and to broaden and enhance data measurements and their 

accuracy. 

2 OBJECTIVES 

The goal of this project is to continuously monitor water flows and temperatures in Pachena 

River and Rousseau Creek. The objectives of flow and water temperature monitoring are:   

 

 to enhance and protect water quality and environmental health on a watershed and sub-

watershed basis, as elucidated in HFN’s Sacred Principles; 

 to train HFN biologists and technicians in hydrometric station set-up, conducting 

standardized engineering level surveys of channel cross sections, measuring discharge, 
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downloading and maintaining the monitoring equipment, and  analyzing and presenting 

the discharge and water temperature data;  

 to evaluate and monitor the effects of climate change reflected in the persistence and 

extremes in baseflow (primarily groundwater) and peak discharges, and water 

temperatures over time;  

 to identify and evaluate land use/land cover changes and other anthropogenic activities or 

effects that may potentially be attributable to streamflow or water temperature changes;  

 to assess the effects of flow and temperature changes and dynamics on salmonid life 

history stages by relating data trends through time on fish migration, survival, growth, 

reproduction, overwintering, and habitat availability and use; and 

 where significant perturbations in streamflows or water temperatures have been 

identified, explore possible options or strategies to manage, protect or restore 

characteristics and processes that are critical to good watershed health.  

By tracking watershed, channel and habitat changes as well as fish population statistics relative 

to streamflows and water temperatures, a clearer picture of the current health of the watershed is 

obtained along with insights into possible solutions for maintaining watershed health. Over time, 

predicted lower streamflows and higher water temperatures during the summer as a consequence 

of climate change may have a significant impact on the survival and growth of aquatic 

organisms. This will likely increase in importance as time goes on, and understanding these 

complex relationships will be fundamental to management decisions relating to salmon and 

steelhead populations in the Pachena River watershed. The information may also be applied in 

smolt migration and juvenile rearing population assessments within these systems. Temperature 

and discharge information for Pachena River and Rousseau Creek could also be compared to 

continuous temperature and discharge information currently collected for the Water Survey of 

Canada (WSC) station on Sarita River (08HB014) downstream of the Sarita and South Sarita 

confluence to identify subtle differences or similarities. 

3 SITE LOCATIONS 

Flow and temperature monitoring sites are located in Reach 1 (R1) of Rousseau Creek and Reach 

6 (P6) of Pachena River. UTM coordinates for the sites are:  Rousseau Creek – R1 (UTM: 10 U 

349193 5409865) and Pachena River–P6 (10 U 348935 5410343 (Figure 1). 
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Figure 1.  Map showing the location of the flow and water temperature monitoring sites in Rousseau Creek and the Pachena River.
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4 BACKGROUND INFORMATION   

4.1 Sarita and Pachena Watershed Renewal Framework 

Fundamental to the development and implementation of the flow and temperature monitoring 

project is HFN’s underpinning motivation and rationale for watershed renewal of the Sarita and 

Pachena rivers, as stated in the Renewal Framework (LGL Limited 2017):   

 

“Huu-ay-aht First Nations seek to renew the Sarita and Pachena watersheds, and 

eventually other watersheds within the Haa-houlthee (HFN traditional territories), 

recognizing that this process may take many generations. With the enactment of the Maa-

nulth Treaty and emerging economic opportunities, HFN is in a strong position to renew 

the fish and wildlife productivity and ecological integrity of the Sarita and Pachena 

watersheds while protecting cultural and heritage values and continuing with forestry 

operations”. 

 

“Renewal of the Sarita and Pachena watersheds requires an ecosystem-based approach 

that recognizes the interconnections between community, land, water, and biota. 

Paramount to this is adherence to the three sacred principles of HFN together with 

ecological principles. The overarching vision is to restore the Sarita and Pachena 

watersheds to support fish and wildlife populations and cultural values for present and 

future generations. At the outset, it is recognized that renewal of some ecosystems and 

populations may take decades. It is also recognized that watershed renewal must still 

allow the HFN to benefit culturally and economically from the resources of these 

watersheds”. 

 

5 METHODS  

5.1 Monitoring Station Setup 

One flow and water temperature monitoring station was set up at each of Rousseau Creek and 

Pachena River. A channel cross section measuring streambed and water surface elevations at 

each of the two stations was surveyed. Cross section transects were located in representative 

glide habitats. Transect locations were identified at a time of low stream discharge to facilitate 

examination of stream channel characteristics. At each station, a HOBO level logger (U20 – 0 to 

4 m) was installed near the streambank at the end of each cross section. The level logger was 

placed in a vertical galvanized pipe attached to a T-bar that was driven into the streambed. A 

removable Torquer well plug was tightened into the top of the pipe to secure the level logger in 

the pipe.  

 

Continuous monitoring of flow typically involves the following process: 

 

 the continuous measurement of water elevations (stage) at a gauging site; 
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 the development of a relationship between discharge and water elevation, termed a 

calibration or rating curve; 

 converting the water elevations into flows using the rating curve equation; 

 plotting discharge over time (hydrographs); and 

 completing critical analysis of minima, maxima and temporal fluctuations, and 

comparisons with historic data. 

HFN biologists and technicians were trained in hydrometric station set-up, conducting 

standardized engineering level surveys of channel cross sections, measuring discharge, and 

downloading water level loggers. They developed a broader understanding of the objectives of 

collecting continuous flow and temperature data as it relates to characterizing watershed 

hydrology, and describing the implications of climate change impacts on the survival and growth 

of aquatic organisms. 

5.2 Flow Measurements and Water Level Records 

Cross section and discharge measurements proceeded as follows: a fiberglass survey tape 

(accurate to 0.01 m) was secured between a headpin (i.e., a rebar driven into the streambank) and 

tailpin at each transect. Streambed elevation, mean column-velocity, and water elevation were 

recorded at intervals (verticals) along the tape to the nearest 0.01 m. Verticals were established at 

intervals wherever an observed change in streambed elevation occurred along each transect. 

Verticals were also arranged so that not more than 10% of the total transect discharge passed 

between any pair, in order to optimize the accuracy of the hydraulic model. At each vertical, 

depth was measured to the nearest 0.01 m. Bed and water surface elevations were surveyed to the 

nearest 0.01 m elevation using an engineer’s level and following standard surveying techniques.  

 

Depth was measured to the nearest 0.01 m, and velocity was measured to the nearest 0.01 m/s 

using a calibrated Swoffer Model 2100 current meter attached to a top-setting wading rod. In 

water less than 1 m deep, mean column-velocity was measured at 0.6 of the depth (measured 

from the water surface). In very turbulent areas less than 1 m deep and in water greater than 1 m 

deep, mean column-velocity was taken as the average of the velocities measured at 0.2 and 0.8 of 

the depth. Stream discharge at each study reach was determined by computations from collected 

depth, width and velocity data in an open channel location, using standard stream gauging 

techniques.  

 

A semi-permanent benchmark for each survey transect was established using a nail driven into 

the base of a mature tree near the top of the streambank. Each nail was flagged and recorded with 

an assumed elevation of 100.00 m. The location of each transect was marked with a Garmin 

model 76CSx GPS unit. 

 

The level logger recorded water temperature and barometric pressure every 15 minutes. 

Barometric pressure was then converted to water levels using the HOBO Pro software (vers. 

3.7.22) that integrated the assumed water surface elevation collected during the cross section 

survey and the continuously measured atmospheric pressure from an additional HOBO level 

logger hung in a tree. Loggers were downloaded by HFN technicians every three to four months. 
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A stage-discharge relationship or rating curve for each cross section was developed to establish a 

relationship between discharge and water surface elevation at each station. Water surface 

elevations at these glide transects were surveyed over a range of at least three measured 

calibration flows (low, middle, and high) to facilitate modeling and development of the rating 

curve. The highest flow measured was restricted to a discharge that allowed for safe wading of 

the streams by the HFN technicians.  

5.3 Development of Rating Curves 

Habitat-hydraulic software RHYHABSIM Vers. 5.1 (River Hydraulics and Habitat Simulation; 

Jowett 1989; Jowett 1999) was used to develop rating curves for the two flow monitoring 

stations. Water level and discharge measured at the various calibration flows and the site-specific 

cross section data were input into the software program to generate the rating curve. The 

program generated a regression equation fitted through survey stage and flow of the rating curve 

as well as a correlation coefficient. 

5.4 Continuous Discharge Estimates 

The rating curve equation was then used to calculate discharges from the water level data 

collected every 15 minutes by the HOBO level loggers.   

6 RESULTS 

On 3 September 2020, flow and temperature monitoring stations were established in Rousseau 

Creek approximately 1.1 km upstream of the Bamfield Mainline crossing, and in Pachena River 

approximately 150 m downstream of the BM2610 road crossing. Temperature and water level 

measurements were obtained from 3 September 2020 and are continuing into 2021. This report 

describes information and analyses up to the latest logger download on 11 February 2021.   

6.1 Channel Cross Sections 

Channel cross section plots at the flow gauging stations are provided for Rousseau Creek – R1 

and Pachena River – P6 in Figure 2. Wetted width, mean depth, bankfull width and mean 

bankfull depth for the transects at the time of the surveys are shown in Table 1. 

6.2 Stage and Discharge Measurements 

Six water surface elevations (stage) and discharge measurements were made from each 

monitoring station between 3 September 2020 and 16 December 2020 (Table 2). Calibration 

discharges ranged from 0.220 to 6.993 cms in Rousseau Creek and 0.043 to 1.027 cms in 

Pachena River. 

6.3 Rating Curves 

A stage-discharge relationship was developed based on six measured discharges from each 

monitoring station between 3 September 2020 and 16 December 2020. Rating curves were 

developed from the water surface elevation (stage) and calibration discharge measurements 
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(Figure 3). The Rousseau Creek rating curve equation was:  Flow = 27.2209 * (Stage - 98.9806) 

^1.768831; r
2
 = 0.974, and the Pachena River rating curve equation:  Flow = 16.17593 * (Stage - 

98.20413) ^2.453432; r
2
 = 0.974.  

6.4 Discharge and Temperature Plots 

A continuous daily flow record for the monitoring stations was produced from the rating curve 

equations. In the period of record between 3 September 2020 and 11 February 2021, mean daily 

flows for Rousseau Creek – R1 ranged between ~0.105 (7 September 2020) and ~46.150 (30 

December 2020) cubic metres per second (cms) (Figure 4). Mean daily flows for Pachena River 

– P6 ranged between ~0.021 (13 September 2020) and ~15.267 (30 December 2020) cubic 

metres per second (cms) (Figure 5).  

 

Continuous temperature records collected by the HOBO level loggers indicated that between 3 

September 2020 and 11 February 2021, mean daily temperatures for Rousseau Creek – R1 

ranged between 3.998 (9 February 2021) and 13.750 (25 September 2020) 
0
C. Mean daily 

temperatures for Pachena River – P6 ranged between 4.102 (9 February 2021) and 16.237 (7 

September 2020) 
0
C. 
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Figure 2.  Cross sections for Rousseau Creek (upper) and Pachena River (lower). 
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Table 1.  Channel characteristics at flow gauging transects in Rousseau Creek and Pachena River. 

 
 

Table 2.  Water surface elevations and discharges measured at monitoring sites in Rousseau Creek and 

Pachena River. 

Stream
Wetted 

Width (m)

Mean 

Present 

Depth (m)

Max Present 

Depth (m)

Bankfull 

Width (m)

Bankfull 

Depth (m)

Rousseau 19.30 0.24 0.56 22.10 0.46

Pachena 9.33 0.32 0.56 9.60 0.60

Stream
Date 

(dd/mm/yyyy)

Water Surface 

Elevation (m)
Time

Discharge 

(cms)

03-09-2020 99.032 2:50PM 0.220

08-10-2020 99.045 Noon 0.263

29-10-2020 99.128 2:00PM 1.215

04-11-2020 99.489 1:30PM 6.993

03-12-2020 99.169 12.20PM 1.377

16-12-2020 99.245 10:40AM 2.882

03-09-2020 98.283 Noon 0.043

08-10-2020 98.304 10:15AM 0.058

29-10-2020 98.383 1:30PM 0.327

04-11-2020 98.537 11:45AM 1.027

03-12-2020 98.434 11:50AM 0.447

16-12-2020 98.457 10:00AM 0.496

Pachena

Rousseau
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Figure 3.  Rating curves for Rousseau Creek (upper) and Pachena River (lower). 
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Figure 4.  Mean monthly (upper) and mean daily (lower) discharges and temperatures for Rousseau Creek. 
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Figure 5.  Mean monthly (upper) and mean daily (lower) discharges and temperatures for Pachena River. 
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7 LIMITATIONS OF CURRENT APPROACH 

A calibration curve should include measurements of discharge and surface water elevation over 

the full range of streamflows that occur so that extrapolation (to extreme high or low discharges) 

or interpolation of discharges from the stage-discharge equation is accurate. The current 

approach being used in the Pachena watershed to measuring higher stream discharges is limited 

by the velocity measuring setup being used. The current setup only allows for measurement of 

stream velocities when streamflows are safe for wading. Another velocity measuring setup is 

required for measurements at high streamflows. One type of setup uses a Price meter with a lead 

weight (Figure 6). This setup would typically be deployed from a bridge crossing using a 

calibrated cable (in metres) and winch assembly.  

 

 

Figure 6.  Setup for using a Price velocity meter to measure high discharges (reproduced from 

https://static1.squarespace.com/static/5b9183b8fcf7fdac4d3a1067/t/5ba3b02a032be44955aa21b9/153745

4123181/Meter_Manual.pdf). 

Alternatively, an ADCP profiler (Acoustic Doppler Current Profiler) can be used to measure 

higher stream discharges (Figure 7). A minimum water depth of 50 cm is required for this 

technique. 
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Figure 7.  ADCP setup to measure discharge (reproduced from https://www.encyclopedie-

environnement.org/en/water/hydrometry-measuring-flow-river-why-how/)  

 

8 RECOMMENDATIONS 

Several recommendations are made below to maintain data collection and accuracy standards, 

and to broaden the capabilities and expertise of HFN staff to continue this beneficial ongoing 

monitoring programme.  

 

1. Ongoing activities to maintain current programme: 

a. The stage-discharge relationship is not necessarily stable over time due to 

sediment erosion and deposition processes in a watercourse. Level surveys to 

monitor changes in each channel cross section are therefore required at a 

minimum in the spring each year, and preferably spring and fall of each year;   

b. Additional stream discharge measurements over a range of streamflows 

coincident with a stage measurement at the time of each discharge measurement 

are required to confirm or re-tune the rating curves; 

c. Regular downloads of the HOBO level recorders, analysis of water level and 

temperature records, and updating of time series of discharge estimates based on 

continuous water level data are necessary to develop annual hydrographs and 

thermographs for each watercourse, determine minima and maxima, and other 

relevant statistics; 

d. Consistency checks of the data over time to compare it with previous years and to 

explain any discrepancies based on such things as, rainfall, debris jams, cross 

section changes, or other site disturbances that could affect the water level 

readings obtained from the HOBO level loggers;  

http://www.encyclopedie-environnement.org/app/uploads/2017/07/hydrometrie_fig8_mesure-vitesse-adcp-doppler.jpg
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e. New equipment purchase by HFN: Swoffer 3000-C140 velocity meter; 

engineering level, rod, and tripod; and 

f. Additional training of HFN staff on development of rating curves, calculation of 

discharge estimates, and reporting of results. 

2. Potential activity to expand accuracy, utility and benefits of the monitoring programme: 

a. Obtain discharge measurements for higher flow events – measure discharges at 

Rousseau River bridge on Bamfield Main and at bridge crossing on Pachena 

River at Reach P6. This could involve measuring discharge from the bridge 

crossings using a high flow metering setup, such as a velocity meter with lead 

weight (Figure 6), the ADCP method (Figure 7), or some other suitable 

hydrometry method.  
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