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2. Background

Several different methods for discharge measurements 
exist. The most common method is the so-called 
‘velocity-area’ method; an average flow velocity is 
multiplied by the cross-section of the water in the 
river bed. For steep gradient and turbulent rivers only 
the tracer method can be used (Moore, 2005). Tracer 
methods use a chemical solution, which is diluted by 
the river water. There are two types of tracer meth-
ods: the constant input and the ‘sudden input’ method 
(Moore, 2004a and 2004b). 
      A known quantity of tracer, preferably salt, is diluted 
in stream water (Moore, 2004a). The flow conditions 
at the injection point should be turbulent stimulating 
complete mixing, whereas the flow conditions at the 
measuring point should be laminar (Moore, 2004a). 
Measurements are performed until the concentration 
has reached the background concentration prior to 
the injection. The integral of the variation in solute 
concentration with time equals the area underneath the 
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2
 

= 0.96, was obtained after re-calculation of the measured water levels in 1986-1997, 
resulting in a data series of 117 measurements (1986-2005).

1. Introduction

The catchment of Tarfala Valley covers an area of 
20.6 km

2
 and is drained by the river Tarfalajåkk. The 

runoff is measured at the hydrological station, called 
Rännan. A Campell data logger at records the water 
level from a pressure transducer every two minutes. 
The leakage of the facility and the replacement of the 
pressure transducer motivated a study on the validity 
of the existing rating curve.
The following questions were addressed: 

1) Is the existing rating curve still valid?
2) What is the best measuring site and what is 

the critical distance for the tracer injection?
3) Are there differences between several mea-

surement instruments?
4) Is the salt dilution method suitable and ac-

curate for measurements at Rännan?
The purpose of this report is to present the discharge 
measurements carried out at Rännan and the determi-
nation of a new rating curve.
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concentration-time graph. The stream discharge can be 
calculated with the following equation:

∫ −
= T

t

s

dtCC

MQ

0
0 )(   Equation 1

where Q is the discharge (m
3
/s), M is the inserted mass 

of salt (kg), C
t
 is the salt concentration at the measur-

ing point (kg/m
3
), C

0
 is the natural background salt 

concentration (kg/m
3
), t is time (s) and T is the  point 

in time when C
t 
has returned to the background level.

      The distance between the injection point and the 
measuring point must be sufficiently long to allow 
complete mixing. This distance depends on the turbu-
lence and the discharge of the stream. The conductivity 
is directly proportional to the salt concentration. By 
adding small amounts of a salt solution to a sample 
of stream water, the relation between the conductivity 
and the concentration can be obtained. Further infor-
mation about the salt dilution method can be found in 
Kite (1994).

3. Methodology 

Since Tarfalajåkk has rather high discharges (>0.1 
m

3
/s), is turbulent and has a high bed load, salt dilution 

method seemed to be a suitable method to measure the 
discharge. Approximately 3 kg of salt were diluted in 
~30 l of stream water. The tracer solution was inserted 
into the stream at the ‘injection point’; before and after 
fully mixing changes in electrical conductivity was 
measured downstream at the ‘measuring point’. The 
passing of the ‘salt wave’ was recorded every 1 or 5 
seconds, depending on which conductivity meter was 
used. In addition, several measurements were done 
each time in order to test the variability, and therefore 
the accuracy. of the salt dilution method. Instead of 
measuring the concentration directly, the electrical 
conductivity of the stream water was measured with 
two conductivity meters (Cond 340i and LF95). A 
comparison of these two instruments was attempted 
by measuring with both conductivity meters simulta-
neously. Electrical conductivity was transferred into 
salt concentration using their linear relation. Thus, a 
calibration of the conductivity meters had to be done. 
In order to increase the accuracy of the measurement 
several re-calibrations were done (see Appendix). Af-
ter technical failure of the Cond 340i (August 9), all 
measurements were done with the LF 95.
      In the period July 15 until September 12, 49 mea-
surements were done at and about 500 m upstream of 
Rännan (see pictures in Appendix). The ideal distance 
between injection and measuring point was determined 
by using different injection-measuring point distances.

4. Result

4.1 Introduction
In this chapter the existing rating curve is validated 
with the discharge observations done during this re-
search, differences of the measuring sites, results of 
the varying injection distances, and comparison of the 
conductivity meters are discussed

4.2 Verification rating curve

During 1986 and 1997 a rating curve between discharge 
and water level at Rännan was established using 84 
measurements. During the survey period of 2005 a 
total of 49 measurements (see Appendix for details) 
were carried out in order to validate the existing rating 
curve. It appeared that measurements made at Rännan 
correlated well with the existing rating curve (Figure 
1) although most of the discharge values were above 
the existing rating curve. A rating curve was calculated 
using the discharge and water level observations in 
the survey period of 2005. A systematical shift of the 
water level with an average value of +13 cm above the 
existing rating curve was found. Most of the discharge 
measurements taken upstream of Rännan, however, 
showed a strong deviation from the existing rating 
curve. The obtained Q-h correlation of these values 
was also rather low.
      In order to increase the correlation of the rating 
curve for the observations in the survey period of 2005, 
the standard deviations were calculated for measure-
ments done within the same time range (<1 hour in 
between the subsequent measurements). Measurements 
with high standard deviations from the average of the 
measurements done were considered as outliers and 
removed from the data series as well as measurements 
with strong deviations from the rating curve. A new rat-
ing curve was obtained by using the selected data, e.g. 
33 measurements, from both measurements taken at 
and upstream of Rännan (Figure 2). It appeared, how-
ever, that most of the measurements taken upstream of 
Rännan could not be included for the determination of 
the new rating curve (see Appendix). The rating curve 
of 2005 showed a systematical higher water level of 
14cm with respect to the rating curve of 1986-1997
      The measured discharge values in the period 1986-
1997 were therefore re-calculated by adding 14 cm 
to the corresponding ‘old’ water levels. A final rating 
curve could be obtained for all the measurements taken 
in the period 1986-2005 (Figure 3 and Appendix).

4.4 Injection-measuring distance determination
Differences in distances between the injection and 
the measuring locations were analyzed both upstream 
(figure 4) and at Rännan Station (Figure 5). The dif-
ferences in discharge values were very small for the 
measurements made on August 4 for measuremnts 
made both at and upstream of Rännan and within the 
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inaccuracy of the salt dilution method, e.g. 5% (Moore, 
2004a). However, there were significant differences 
upstream of Rännan on August 9 with higher discharge 
values. The deviations were over 14%. The assump-
tion of fully mixing of the salt in the stream was not 
valid in the latter case. The discharge value decreased 
and the differences in the observed discharge values 

became smaller with increasing distance between 
injection and measuring point due to a better mixing 
in the stream water.
      In contrast, the discharge values measured at Rän-
nan on August 9 showed little variation suggesting a 
complete mixing for all the distances, e.g. 40, 60 and 
>100 m. During the highest discharge on August 27, 

Figure 1. Rating curves measured 1986-1997 and 2005 at and upstream of Rännan.
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Figure 2. Rating curves measured 1986-1997 and 2005, after selection.
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four measuring distances were tested. The critical 
distance for complete mixing was about 40 m. An 
incomplete mixing of the salt solution resulted in a too 
high discharge value for the 20 m distance. The other 
results were within the inaccuracy of the salt dilution 
method, e.g. 5% (Moore, 2004a). 

4.5 Comparison of the two conductivity meters (Cond 
340i and LF95)

Both conductivity meters showed varying discharge 
values from the two measurements that were taken 
simultaneously with both conductivity-meters. The 
discharge values as measured by both conductivity-
meters at Rännan station were 5.7 m

3
/s (LF 95) and 2.8 

m
3
/s (Cond 340i) respectively. It should be remarked 

that the latter value was supposed to be an outlier due 
to mismatch to the obtained rating curve. However, the 
discharge values measured upstream of Rännan were 

Figure 3. Rating curve based on measurements from 1988-2005.
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Figure 4. Discharges at different distances upstream of Rännan. Measurements done on August 4 are shown in grey and 
on August 9 in white.
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similar, although the execution interval differed for the 
two conductivity meters, e.g. 1 second (LG 95) respec-
tively 5 seconds (Cond 340i). This different resolution 
resulted in a different pattern of the concentration curve 
(see Appendix). Further analysis and measurements are 
required in order to make a proper comparison between 
two conductivity-meters. 

5. Discussion and Conclusion

5.1 Introduction
In this chapter the results of the verification of the exist-
ing rating curve, the differences of the measuring sites, 
the results of the varying injection distances, and the 
comparison of the conductivity meters are evaluated
      In general, using the salt dilution method was 
influenced by technical and human failures. For the 
greatest accuracy, calibrations should be conducted 
for each measurement (Moore, 2004a). In this study, 
only a limited amount of calibrations could be done.

5.2 Verification of the existing rating curve
Differences of the calculated discharge values using the 
existing rating curve can be influenced by both leak-
age and differences in reference level of the pressure 
transducer after replacement. Leakage is assumed to be 
proportional with discharge. If the calculated discharge 
values are higher than the measured discharge values, a 
lower reference level is expected and vice versa. Since 
the existing rating curve overestimates the discharge 
it is speculated that the reference level of the pressure 
transducer has become higher when it was reinstalled. 
The leakage of the flume influences the water level as 
well and counteracts the higher reference level of the 

pressure transducer. The obtained results show that 
both effects do not compensate each other totally. In 
the summer of 2005, 33 discharge measurements were 
selected to obtain a rating curve. This rating curve was 
14 cm higher than the existing curve from the period 
1986-2005. Therefore, all measured water levels in this 
period were re-calculated. A new rating curve, with an 
r

2
 = 0.96, could be obtained using 117 measurements 

in the period 1986-2005.

5.3 Comparison of the different measuring sites
Graphs that show the concentration curve of the pass-
ing salt wave upstream of Rännan show strong fluctua-
tions during the measurements, while curves taken at 
Rännan are smoother. The mixing process is influenced 
by the turbulence of the stream and therefore different 
results are obtained for the different measurements at 
und upstream of Rännan. Since the upper part of the 
stream is less turbulent than the lower part the required 
distance is larger. In addition, the measurement point 
had more laminar flow conditions at Rännan com-
pared to the different measurement points upstream 
of Rännan

5.4 Injection-measuring distance determination
The critical required distance between injection and 
measuring point to allow full mixing varied with 
discharge. The critical distance is longer at higher 
discharge. In general, the critical distance is shorter for 
measurements taken at Rännan compared to upstream 
of Rännan. The measured discharge showed strong 
deviations upstream of Rännan at higher discharge, 
showing incomplete mixing.
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Figure 5.Discharges at different distances at Rännan Station. Measurements done on the 4th of August are shown in white, 
on August 9 in light grey and on August 27 in dark grey.
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5.5 Comparison of the two conductivity meters (Cond 
340i and LF95
Since only two measurements were done with both 
conductivity meters showing different results, it was 
not justified to draw any conclusions

5.6 Consistency of the collected data
The consistency was tested using measurements within 
the same time range, e.g. <1 hour. It was assumed that 
water levels and discharge values were constant in 
this time range. Measurements with strong deviations 
were assumed to be an outlier and were excluded in 
the further analysis
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Appendix
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Figure A1. Calibration of Cond 340i on July 31. Figure A2. Calibration of LF 95 on July 31.

Figure A3. Re-calibration of Cond 340i on August 4. Figure A4. Re-calibration of Cond 340i on August 9.

Figure A5. Re-calibration of LF 95 on August 27.
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Figure A6. An example of a concentration curve of the conductivity meter LF 95.

Figure A7.  An example of a concentration curve of the conductivity meter Cond 340i.
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Figure A8.  Measuring site in the leaking water at Rännan.

Figure A9.  Measuring site upstream of Rännan.
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Tab.A1: Discharge Measurements at Rännan Station
Date Time Inserted 

salt 
(kg)

Pre-back-
ground 
conductivity 
(μS/cm)

Peak
conductivity 
(μS/cm)

Post-
background 
conductivity 
(μS/cm)

Conductiv-
ity meter

15 Jul * 11:20 2.09 45.6 126.4 45.2 Cond 340i
15-jul * 11:40 3.00 45.2 158.6 45.5 Cond 340i
15-jul * 11:52 3.00 45.3 156.5 45.3 Cond 340i
15-jul * 12:14 3.04 45.3 160.6 45.3 Cond 340i
18-jul * 12:00 3.00 45.9 177.9 45.8 Cond 340i
18-jul * 13:18 3.00 44.8 174.6 44.8 Cond 340i
20-jul * 17:02 3.00 44.6 176.2 44.6 Cond 340i
20-jul * 17:32 3.00 44.9 155.0 45.0 Cond 340i
23-jul * 15:10 3.00 49.5 164.6 49.5 Cond 340i
23-jul * 15:20 3.00 49.4 169.4 49.3 Cond 340i
26-jul * 10:44 3.00 48.2 158.4 48.2 Cond 340i
27-jul * 14:10 3.01 47.1 162.3 46.8 Cond 340i
28-jul * 10:45 3.04 44.6 145.5 44.4 LF 95
28-jul * 15:00 3.00 43.3 136.5 43.5 Cond 340i
04-aug * 11:20 3.04 28.9 94.7 29.3 Cond 340i
04-aug * 12:24 3.01 31.0 132.6 31.0 Cond 340i
09-aug 13:04 2.06 48.4 133.3 48.5 Cond 340i
09-aug 13:34 2.87 48.3 188.5 48.3 Cond 340i
09-aug 13:40 3.07 48.3 243.0 48.5 Cond 340i
27-aug 12:20 4.04 15.6 26.5 16.0 LF 95

27-aug * 11:12 4.03 16.1 32.6 16.4 LF 95
27-aug * 11:25 4.02 16.8 28.4 16.9 LF 95
27-aug * 11:35 6.05 16.8 33.5 16.9 LF 95
27-aug * 12:20 6.05 17.4 30.2 17.4 LF 95
28-aug * 11:52 5.00 18.7 40.8 18.8 LF 95
28-aug * 12:00 5.17 18.7 41.7 18.8 LF 95
01-sept * 10:45 3.17 22.3 43.0 22.4 LF 95
01-sept * 12:10 3.11 22.6 40.7 22.7 LF 95
01-sept * 12:20 3.02 22.8 40.4 22.8 LF 95
01-sept * 14:05 3.11 22.3 41.4 22.4 LF 95
06-sept * 10:30 3.09 23.6 41.0 23.6 LF 95
09-sept * 14:17 3.05 24.4 44.5 24.3 LF 95
09-sept * 14:33 3.02 24.3 44.1 24.4 LF 95
12-sept * 13:55 3.06 26.7 52.3 26.7 LF 95
12-sept * 14:11 2.90 26.9 51.8 26.9 LF 95

N.B. * Measurements were used for establishing the new rating curve
        ** Calculated with rating curve of new rating curve 1986-2005
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Tab.A2: Discharge Measurements upstream of Rännan Station
Date Time Inserted 

salt 
(kg)

Pre-back-
ground 
conductivity 
(μS/cm)

Peak
conductivity 
(μS/cm)

Post-back-
ground conduc-
tivity (μS/cm)

Conductivity 
meter

27-jul 14:30 2.90 46.7 273.0 46.6 Cond 340i
27-jul 15:01 3.03 46.6 340.0 46.8 Cond 340i
28-jul 11:15 3.02 ? ? ? LF 90
28-jul 11:15 3.02 44.1 246.0 44.1 Cond 340i
28-jul 15:25 3.00 43.3 251.0 43.3 Cond 340i
31-jul 16:34 3.19 59.7 197.2 59.1 Cond 340i
01-aug 11:08 3.08 59.7 253.0 59.2 Cond 340i
04-aug 11:26 2.98 29.9 178.9 31.1 Cond 340i

04-aug * 11:50 3.00 31.1 105.7 31.4 Cond 340i
04-aug * 12:06 3.01 31.4 111.9 31.5 Cond 340i
09-aug 12:30 2.97 48.9 267.0 49.1 Cond 340i
09-aug 12:36 3.01 49.0 161.3 49.0 Cond 340i
09-aug 12:46 3.02 48.9 188.2 49.0 Cond 340i

N.B. * Measurements were used for establishing the new rating curve
         ** Calculated with rating curve of new rating curve 1986-2005

Tab.A4: Discharge and water level upstream of Rännan Station
Date Time Water level 

(m)
Measured

discharge (m
3
/s)

Calculated
discharge
(m

3
/s) **

Falling/ Ris-
ing stage

27-jul 14:30 1.13 1.85 3.16 Rising
27-jul 15:01 1.14 1.45 3.21 Rising
28-jul 11:15 1.23 2.90 4.24 Rising
28-jul 11:15 1.23 2.79 4.24 Rising
28-jul 15:25 1.23 2.49 4.23 Falling
31-jul 16:34 0.84 2.04 1.10 Falling
01-aug 11:08 0.78 1.93 0.88 Falling
04-aug 11:26 0.78 0.48 0.88 Rising

04-aug * 11:50 0.78 0.55 0.88 Rising
04-aug * 12:06 0.79 0.57 0.89 Rising
09-aug 12:30 1.06 6.04 2.49 Rising
09-aug 12:36 1.05 4.81 2.48 Rising
09-aug 12:46 1.06 4.37 2.52 Rising

N.B. * Measurements were used for establishing the new rating curve
        ** Calculated with rating curve of new rating curve 1986-2005
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Tab.A3: Discharge and water level at Rännan Station
Date Time Water level 

(m)
Measured
discharge 

(m
3
/s)

Calculated dis-
charge 

(m
3
/s) **

Falling/ rising stage

15-jul * 11:20 1.29 5.93 5.09 Falling
15-jul * 11:40 1.29 5.67 5.07 Falling
15-jul * 11:52 1.29 5.79 5.00 Falling
15-jul * 12:14 1.28 5.73 4.93 Falling
18-jul * 12:00 1.17 4.21 3.56 Rising
18-jul * 13:18 1.18 4.41 3.71 Rising
20-jul * 17:02 1.26 6.07 4.69 Falling
20-jul * 17:32 1.26 5.52 4.59 Falling
23-jul * 15:10 1.08 3.52 2.69 Rising
23-jul * 15:20 1.08 3.52 2.67 Rising
26-jul * 10:44 1.15 4.11 3.38 Falling
27-jul * 14:10 1.13 3.89 3.20 Rising
28-jul * 10:45 1.23 5.67 4.21 Rising
28-jul * 15:00 1.23 5.49 4.26 Rising
04-aug * 11:20 0.78 0.60 0.88 Rising
04-aug * 12:24 0.79 0.63 0.90 Rising
09-aug 13:04 1.06 5.62 2.53 Rising
09-aug 13:34 1.06 5.90 2.55 Rising
09-aug 13:40 1.06 6.04 2.55 Rising
27-aug 12:20 1.90 22.19 19.59 Falling

27-aug * 11:12 1.90 13.27 19.35 Falling
27-aug * 11:25 1.87 13.87 18.37 Falling
27-aug * 11:35 1.84 13.62 17.43 Falling
27-aug * 12:20 1.83 14.01 17.02 Falling
28-aug * 11:52 1.36 5.43 5.99 Falling
28-aug * 12:00 1.34 5.56 5.79 Falling
01-sept * 10:45 0.96 2.15 1.78 Falling
01-sept * 12:10 0.96 2.26 1.82 Falling
01-sept * 12:20 0.97 2.33 1.86 Falling
01-sept * 14:05 1.00 2.34 2.03 Falling
06-sept * 10:30 0.80 1.45 0.94 Falling
09-sept * 14:17 0.82 1.47 1.01 Falling
09-sept * 14:33 0.82 1.45 1.03 Falling
12-sept * 13:55 0.70 0.98 0.60 Falling
12-sept * 14:11 0.70 0.95 0.59 Falling

N.B. * Measurements were used for establishing the new rating curve
      ** Calculated with rating curve of new rating curve 1986-2005


