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INTRODUCTION AND METHODS

Water resources are of great abundance and importance in Iceland. Much of the water within
the hydrological cycle, both groundwater and surface water, originates from glaciers, which
cover approximately 10 percent of the land surface. Hence, most of the largest rivers in
Iceland are glacially derived and transport great amount of sediment within their course from
the glaciers towards the ocean.

The extreme sediment transport within the glacia rivers raises numerous technical
and environmental questions, many of which are related to hydroelectric development of the
rivers. Therefore, sediment sampling in Icelandic rivers has been an integrated part of the
river monitoring carried out by the Hydrological Service in Iceland during the last 50 years.
Throughout this time samples of suspended sediment have been obtained predominantly
from rivers with potential for hydroelectric power generation, or rivers subject to glacier
outburst floods (jokulhlaups). Since 1963 measurements of grain size and total dissolved
sediment have been made on over 10.000 suspended sediment samples, in addition to
measurements of total suspended sediment concentration that were started in 1949 (Fig. 1).
During the decades, the continuous data set has expanded greatly and today it comprises the
basis of all evaluations of sediment transport in Icelandic rivers.
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Fig. 1 Number of suspended sediment samples collected in Iceland at the Hydrological Service.

Figure 2 shows the sampling locations of the suspended sediment program in effect
during the year 2001. During that year, over 500 suspended samples were obtained from 41
locations. The number of samples at each station (1-95) and quality of the samples ranged
greatly among the stations as in some instances they were a part of a detailed integrated
sediment study, but in other cases a part of an annual sediment monitoring program.
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Fig. 2 Suspended sediment sampling sitesin 2001.

Bed-load sampling has on the contrary been a negligible part of the sediment
monitoring of Icelandic rivers (Palsson, 2001). A major step forward was taken in 2000 when
a pilot bedload sampling program was initiated in Jokulsa & Dal, a river in Northeast Iceland
studied for possible hydroelectric development (Fig. 2)(VST & Orkustofnun 2002). Bedload
sampling had not been employed in any detail at the Hydrological Service before, as the great
current speed in the Icelandic glacial rivers was thought to prevent such measurements.
Results from the pilot study in Jokulsa & Dal proved very satisfying, despite the loss of one
sampler, and subsequently extensive total sediment programs were established in three other

glacial rivers that are presently studied as possible hydroelectric projects.

During the year 2001, bed-load samples were taken from cableways on four of the
largest glacial rivers in Iceland, i.e. Jokulsa & Dal, Jokulsa & Fjollum, Thjorsa, and Skafta

(Fig. 2, Table 1).

Table 1 Number of bed-load samples collected and analysed in 2001 at the Hydrological Service.

River and location Nc_). of No. of weighted samples No. of grain size
trips measurements
Jokulsa a Dal, Hjardarhagi 3 300 30
Jokulsa a Fjollum, Grimsstadir 2 176 32
Thjorsa, Krokur 9 745 76
Skafta, Sveinstindur 2 109 40




The samples were collected with a Helley-Smith cable-suspended bed-load sampler
on 5-10 locations on each river transect during 2-9 sediment campaigns carried out at each
river. Two types of samplers were used, the 105 Ibs (47.7 kg). Helley Smith sampler with a
3" x 3" opening and a 3.22 expansion ratio, and the heavier 167 lbs (75.8 kg) sampler with
the 6" x 6" opening, but the same expansion ratio.

All the samples were weighted on location, but selected samples from each river were
dry-sieved to establish grain-size distribution of the bed-load material. After collecting 10 or
more samples at each location on the river transect during each trip, the total mean bed-load
transport was calculated in several steps. First the bed-load transport of each sample at each
station was calculated by dividing the weight of each sample (in grams) by the time interval
the sampler sat at the riverbed. The mean transport at each station was then calculated by:
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where M; is the mass of sample i (in grams), t; is the sampling time (in seconds) for sample i,
d represents the width of sampler opening (0.0762 m), and n; is the total number of samples
at station j.
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where Qp, is in g/s and x represents the distance between sampling points, between a marginal
point and the edge of the water surface, or that of the moving strip of stream bed (World
Meteorological Organization, 1994).

If the discharge varied greatly over the sampling period, the procedure above was
carried out in steps for each discharge interval, which were finally added together.

CASE STUDY -THJORSA RIVER, SOUTHERN ICELAND

The most extensive study was done at Krokur on Thjérsa river, southern Iceland (Fig.
2), where bed-load samples were taken at variable discharge values during nine sediment
campaigns in 2001, and during a 10-year-flood in January 2002 (Table 2). Close to 800 bed-
load samples were collected with the Helley-Smith 47.7 kg cable-suspended sampler at 7-10
stations during each campaign.

Great difference is seen in bed-load transport among the stations within the river
channel (Fig. 3). Most of the bed load is transported in a narrow gully between 50 and 70 m
distance from the house, which is situated ca. 18 m from the river bank. In contrast, only a
minor fraction of the bed load is transported at other stations closer to the river banks.
Furthermore, grain size measurements of the bed-load samples show that the coarsest
sediment is transported at the 50-70 m stations, or at the same locations as where the
transport is greatest.



Table 2 Results from bed-load sampling at Thjérsa in 2001 and the January flood in 2002.

Campaign date Station locations m from house Mean discharge Total integrated bedload
(m*s? transport (g )

11-14 July 2001 40,50,60,70,80,90,100,130,160,180 351 4706
23-25 July 2001 40,50,55,60,65,70,80,100,140,180 320 4992
31-1 August 2001 40,50,60,.65,70,80,140 326 8716

8-9 August 2001 - 327 9523
13-14 August 2001 - 326 9281
23-24 August 2001 - 442 13076
29-30 August 2001 - 342 9787
18-19 September 2001 - 352 8689
19-20 December 2001 - 352 5603

10 January 2002 - 1326 134331

11 January 2002 - 1066 36999

12 January 2002 - 550 11148
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Fig. 3 Mean bed-load transport at each station in Thjérsa during sediment campaigns in 2001.

Total bedload transport ranges from ca. 4700 to 13000 g s* during sediment
campaigns in 2001, but is greater than 134000 g s* during the peak of the 10-year-flood in
January 2002 (Table 2, Fig. 5). The flood was triggered by a winter rainstorm with heavy
precipitation melting fresh snow cover on frozen ground.

The correlation between total bedload and discharge for the sampling campaigns in
2001 is poor as we have large distribution of total transport at the same discharge interval.
The poor correlation is probably to some extent related to the narrow distribution of
discharge values during the year 2001 and shows that we especially lack data from low and
high discharge periods. Hence, the three values obtained in the January flood 2002 extended
the curve considerably and suggest a semi-exponential correlation between the discharge
values and bed-load transport. However, more transport values at high and low discharges
have to be determined before the correlation between these parameters can be evaluated with
greater certainty.
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Fig. 4 Mean grain size (in phi values) of sieved bed-load samples collected in Thjorsain 2001.
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Fig. 5 Total bed-load transport in Thj6rsa during sediment campaigns in 2001 and January flood in 2002.

The wide distribution of bedload transport values shows well the stochastic nature of
bed-load transport, as bed load is transported in pulses rather than in a semi-continuous
stream-flow like the finer suspended material. Hence, one of the best ways to minimize
errors in bedload calculations is to sample frequently and calculate the average transport. For
this we need to collect numerous samples over a broad discharge spectrum.
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