
 
 
 
 

Updating of Stream Discharge Rating Curves 
------------------ 

Contract: 500551WVT142 
 
 
 

Prepared For 
 

Research Branch 
British Columbia Ministry of Forests 

PO Box 9519 Stn. Prov. Govnt. 
Victoria, BC  V8W 9C2 

 
 
 
 
 
 
 
 
 
 

Prepared By 
 

Markus Schnorbus, M.A.Sc. 
Hydrology and Water Resources Consultant 

733 St. Patrick Street 
Victoria, BC  V8S 4X6 

 
 

March 31, 2005 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page intentionally left blank 
 
 

 
 

ii



1.0 INTRODUCTION 
 
This report presents a summary of work conducted during fiscal year 2004/2005 
regarding the maintenance of stage-discharge rating curves for discharge measurement 
Stations C and H in the Carnation Creek Experimental Watershed on Vancouver Island, 
BC. Discharge measurements were conducted during the period November 2004 to 
March 2005. Conversion of stage to hourly discharge was conducted for stage data 
collected from 2001 to 2004. The project expands upon the work of Schnorbus [2004]. 
 
 
2.0 DISCHARGE MEASUREMENT 
 
During the period November 2004 to March 2005, a total of 14 salt-dilution discharge 
measurements (useful for stage-discharge rating) were made; 8 at C-Weir and 6 at H-
Weir. Several additional discharge measurements were conducted for various purposes 
(i.e. equipment calibration, verification of by-pass flow at H Weir, etc.) that were not 
used for verification of the stage-discharge ratings.  
 
In order to overcome some of the difficulties encountered by Schnorbus [2004] in 
measuring low flows using salt slug injection (SI), constant rate injection (CRI) was 
utilized for discharge measurements at H-Weir, and several discharge measurements at 
C-Weir. Constant rate tracer injection is conceptually and computationally simpler than 
slug tracer injection. With this method a tracer solution (mixture of table salt and stream 
water) is injected into the channel at a constant discharge until an equilibrium 
concentration is reached downstream. If an injection solution of concentration c1 is added 
to the channel at a constant discharge, q, producing a steady-state downstream 
concentration, c2, then the unknown stream discharge is given as [Church and Kellerhals, 
1970] 
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The ratio c2/c1 is the relative concentration (L/L) at steady state (RCss), and can be 
estimated from electrical conductivity (EC) measurements as 
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where k is the slope of the EC versus RC relationship and ECbg and ECss are the 
background and steady-state electrical conductivity, respectively, of the stream water at 
the measurement site. The injection rate and steady-state and background conductivities 
are measured; the slope parameter k is determined via calibration for each individual 
discharge measurement. The injection solution was delivered to the stream channel using 
a Mariotte bottle ( ). Figure 1
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Figure 1. Constant rate tracer injection in H-tributary using a 10-L 
carboy with spigot, stopper and tube. 

 
 
The discharge measurements made during the current project (plus those collected by 
Schnorbus [2004]) are summarized in Table 1 and Table 2 for C- and H-Weirs, 
respectively. There was opportunity during the current project to measure discharge for 
C-Weir for stage above weir submergence during a large storm event in January. On 19 
January, following several days of heavy precipitation, a discharge of 3.9 m3/s was 
measured for a stage of 0.76 m (Table 1). Unfortunately, due to poor road conditions 
discharge could not be measured at H-weir on this date. Out of safety concerns, further 
discharge measurements were not pursued at C-Weir during this storm event. 
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Table 1. Discharge Measurement at C-Weir. 

Date Stage (m) Q (m3/s) Method‡ 
14-Jan-04 0.347 0.54 SI 
14-Jan-04 0.335 0.48 SI 
01-Feb-04 0.183 0.10 SI 
01-Feb-04 0.177 0.09 SI 
01-Feb-04 0.180 0.09 SI 
03-Feb-04 0.143 0.05 SI 
03-Feb-04 0.146 0.06 SI 
16-Feb-04 0.253 0.25 SI 
17-Feb-04 0.189 0.11 SI 
17-Feb-04 0.189 0.10 SI 
05-Mar-04 0.290 0.31 SI 
05-Mar-04 0.271 0.27 SI 
08-Nov-04 0.207 0.12 CRI 
10-Nov-04 0.174 0.08 SI 
01-Dec-04 0.137 0.05 SI 
03-Dec-04 0.210 0.16 SI 
19-Jan-05 0.762 3.91 SI 

18-Mar-05 0.090 0.02 CRI 
19-Mar-05 0.094 0.02 CRI 
24-Mar-05 0.130 0.04 SI 

‡ - SI refers to slug injection; CRI refers to constant rate injection 
 

Table 2. Discharge Measurement at H-Weir. 

Date Stage (m) Q (m3/s) Method‡ 
02-Feb-04 0.098 0.0069 SI 
02-Feb-04 0.101 0.0069 SI 
16-Feb-04 0.128 0.0113 SI 
16-Feb-04 0.128 0.0122 SI 
17-Feb-04 0.113 0.0085 SI 
05-Mar-04 0.171 0.024 SI 
05-Mar-04 0.177 0.0263 SI 
10-Nov-04 0.107 0.0079 CRI 
11-Nov-04 0.091 0.0042 CRI 
02-Dec-04 0.076 0.0029 CRI 
03-Dec-04 0.088 0.0042 CRI 
18-Mar-05 0.058 0.0016 CRI 
24-Mar-05 0.082 0.0029 CRI 

‡ - SI refers to slug injection; CRI refers to constant rate injection 
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The additional discharge measurements taken at C- and H-Weirs subsequent to those of 
Schnorbus [2004] do not justify or indicate any shift in stage-discharge ratings at either 
location. Therefore, the stage-discharge ratings established by Schnorbus [2004] are 
retained; these are shown in  and F  for C- and H-Weir, respectively. The 
discharge measurement taken at C-Weir on 19 January falls on the rating curve, which 
adds confidence in the form of the rating curve for stages higher than weir submergence. 
Although several of the new discharge measurements at H-Weir, which are all for stages 
< 0.10 m, all lie slightly to the left of the rating curve (i.e. lower discharge for a given 
stage), a shift in the rating was not justified as the current rating still represents the best-
fit curve to all the data. 

Figure 2 igure 3

 
 
3.0 STAGE TO DISCHARGE CONVERSION 
 
30-minute stage measurements recorded at C- and H-Weirs from 2001 to 2004 were 
converted into 30-minute discharge values. The stage data for 2001 to 2004 were of high 
quality, providing a continuous record of 30-minute discharge spanning from 16 July 
2001 to 31 December 2004. The 30-minute discharge record for 2001 to 2004 is included 
with the accompanying CD-ROM. As well, the entire hourly discharge archive, spanning 
1988 to 2003, for H- and C-Weirs, formatted in MS Excel spreadsheet files, is included 
on the accompanying CD-ROM.  
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Figure 2. Stage-discharge rating curve for C-Weir. 
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Figure 3. Stage-discharge rating curve for H-Weir. 
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