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1 INTRODUCTION

bjorsa is one of the largest rivers in Iceland, with a watershed at bjérsartin (V320) of
7380 km? (Fig. 1), of which roughly 1100 km® is covered by glaciers (Helgi Bjornsson
1988). The mean annual flow for the period 1971-2004 (34 years) is 354 m’/s. A large
part of the summer discharge is affected by glacier melting at the Hofsjokull and
Vatnajokull glaciers, but due to the several major hydroelectric power plants on the
upper reaches of bjorsa, the seasonal variation in discharge has stabilized by reservoir
retention, so that the discharge has decreased during summer and increased in winter,
although the annual discharge is similar as before the main power constructions.
Moreover, minor floods have been dampened whereas larger floods have remained
more or less unaffected.

Hydroelectric power plant construction has in contrast greatly modified the sediment
transport downstream of the large reservoirs (Haukur Tomasson 1982). Most of the
coarse material is deposited in the reservoirs and only the fine material is transported
downstream where it is combined with sediment from smaller streams and sediment
from the river channel itself.

In recent years, almost a century old ideas of hydroelectric power plant construction on
the lower reaches of Pjorsa have been renewed. The present options will use the current
facilities on the upper reaches of the river to mitigate water, but include smaller
reservoirs at Nupur and Urridafoss where the location of the two or three power plants
have been proposed in alternative designs.

Relatively good information is available on discharge in the lower reaches of Pjorsa
where a discharge gauge has been operated for more than 50 years at Krokur (vhm 30:
V30) and later at nearby Pjorsartun (vhm30; V320) (Fig. 1). Knowledge on sediment
transport in the lower reaches of the river is more irregular, although a comprehensive
understanding of sediment transport is essential for all studies concerning the
environmental impact assessment of the constructions and the design of the hydropower
plants including estimation of the fill-in time of the reservoirs.

Reasonably good suspended sediment samples were taken at Urridafoss between 1962
and 1967 (so-called S1 samples). Since then occasional samples have been taken with a
hand sampler from the river bank beneath the old bridge on Highway 1 (so-called S3
samples). The difference in sampling techniques (the older S3 bank samples are thought
to under-represent the sediment load because they are not taken from the main current
where the load is greatest), changes in sediment load due to reservoir constructions, and
the large gaps in the data series (up to 23 years) have made sediment evaluations
difficult. Since 1996 the S3 samples have been taken in connection with a chemical
analysis program in three rivers in South Iceland executed by the Science Institute of
Iceland and the Hydrological Service, and funded by Landsvirkjun (National Power
Company) and the Environment and Food Agency of Iceland, on behalf of the Ministry
of Environment (Sigurdur R. Gislason et al. 2000, 2002, 2003, 2004). However, to
extend the knowledge on sediment transport in the lower reaches of bjorsa, the National
Power Company (Landsvirkjun) initiated in 2001 an extensive sediment monitoring



program, which has been carried out by the Vatnamalingar (Hydrological Service
(VM)) of Orkustofnun (National Energy Authority). The main objectives of the study
are: 1) to obtain additional suspended samples from the lower reaches of Pjorsa to
evaluate with a greater certainty the suspended sediment transport in the Urridafoss
area; and 2) to evaluate the bedload transport in the same area.

Reports on data obtained in earlier years have been published in three progress reports
(Jorunn Hardardoéttir and Svava Bjork Porlédksdoéttir 2002; 2003; 2004), but in this
analogous report we introduce results from sediment campaigns in 2004.

Elevation
inmasl

100 9 Water gauge
30 A cableway

= Roads

Figure 1: Map of the Pjorsa river basin, including main locations along the river. The

sampling sites at the two cableways are shown on the insert in lower righthand corner.

Krokur cableway is located between water gauges V30 and V320, and the Urridafoss

cableway is located midway between the old (upstream) and the new Highway 1. The
third sampling location is beneath the old Highway 1 bridge.

2 SAMPLING AND DATA ANALYSIS

In 2004, the sediment sampling in the lower reaches of Pjorsa was threefold instead of
twofold like in previous years. Firstly, suspended samples were taken with a handheld
DH48 sampler (so-called S3 samples) from the river bank beneath the old Highway 1
bridge as a part of the chemical analysis program mentioned in the previous chapter.
Secondly, as in earlier years five sediment campaigns were carried out as a part of the
extensive sediment program that was initiated in 2001. Thirdly, as an addition to that
same program bedload samples were taken at Sandartunga upstream of the proposed
Nupsvirkjun, at a possible cableway location.

Table 1 shows the details of the five sediment campaigns carried out in 2004. In four
campaigns both suspended sediment samples and bedload samples were taken, but only
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suspended samples were obtained in the December campaign. The bedload samples
were normally taken from the motorized cableway at Krokur, which is located
approximately 2 km upstream of the old Highway 1 bridge. In the September campaign
several samples were additionally taken from a specially equipped boat at Sandartunga.
The suspended samples were taken from three locations in each campaign except in
March, i.e. one sample from the cableway at Krokur, another sample was taken from the
cableway midway between the old and new Highway 1 bridges using a hydraulic winch,
and the third sample was taken from the river bank beneath the old Highway 1 bridge
using a handheld sampler. In March it was impossible to transport the hydraulic winch
to the cableway at Urridafoss as rain had made the trail impassable.

Table 1: Number of sediment samples taken at Krokur, Urridafoss and Sandartunga in

2004.
Date Location No. of suspended No. of bedload N.o. o.f bedload
samples samples grain size analyses
2004-03-10 to Krokur cableway 1 89 8
2004-03-12 Urridafoss cableway 0 - —
Urridafoss bridge 1 - -
2004-08-03 to Krokur cableway 1 74 7
2004-08-05 Urridafoss cableway 1 - —
Urridafoss bridge 1 -
2004-09-20 to Krokur cableway 1 79 7
2004-09-23 Urridafoss cableway 1 - -
Urridafoss bridge 1 - -
Sandartunga 0 22 7
2004-10-11 to Krokur cableway 1 75 7
2004-10-12 Urridafoss cableway 1 - -
Urridafoss bridge 1 - —
2004-12-14 Krokur cableway 1 0 0
Urridafoss cableway 1 - -
Urridafoss bridge 1 - —
Total sediment samples 14 339 36

Figure 2 shows the discharge at Pjorsartin water gauge (vhm 30; V320) (Fig. 1) using
newly established rating curve no. 4 and timing of the sediment sampling both in
connection with chemical samples (red squares) and total sediment campaigns (different
colored diamonds).

The spiky appearance of the hydrograph due to the harnessed nature of the river is
compelling. The first sediment campaign was carried out in March during one of the
highest discharge peaks observed, which was caused by an intense winter rain flood.
The other four sediment campaigns were completed during the latter part of the year
from early August to mid-December. In contrast, suspended samples collected in
relation to chemical samples were better distributed over the whole year, although they
were in some instances taken at similar time as when the intensive sediment campaigns
wgre carried out. All except the March samples were taken at discharges less than 500
m’/s.
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Figure 2: Discharge at the Pjorsartun water gauge (vhim 30; V320) and the timing of
sediment sampling in the lower reaches of Pjorsa in 2004.

2.1 Suspended sediment samples

2.1.1 Sample types

The suspended sediment samples that were collected from the lower reaches of bjoérsa in
2004 were classified into two sample types according to the sampler used and the
sampling procedures used in the field:

1. The DH48 handsampler, which is fastened to a rod that is dipped into the river
from either river bank, and which collects so-called S3 samples. The quality of
the S3 samples is usually poor as in most instances it is not possible to reach
with the sampler where the sediment concentration is greatest, i.e. close to the
bottom in the main current.

2. The S49 sampler, which is attached to a winch and is the most frequently used
suspended sampler, obtaining so-called S1 samples if they are taken at three or
more locations across the river, but S2 samples otherwise.

Both samplers take integrated samples from the river surface, to the river bottom (or as
far down as the sampler reaches) and up to the surface as their intake valves are kept
open throughout the sampling procedure. All the samples taken from beneath the old
Highway 1 bridge were classified as S3 samples as they are taken with the handheld
DH48. At Krokur the samples were taken at 40, 50, 60, 65, 70 80, 100, and 140 m. In
the following text, all references to stations or locations over the channel width are in
meters from the cableway house, which is on average located ca. 16 m from the left
(eastern) bank of the river. The samples obtained on the Urridafoss cableway were on
the contrary taken at three to six locations across the channel, but the individual widths
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differed from one campaign to another. Hence, all samples collected from the cableways
at Krokur and Urridafoss are classified as S1 samples as they were taken from three or
more locations across the channel. No samples were taken this year with the point
integrated sampler (P61) that has been used in previous years. This sampler has an
electronic opening which can be opened with a remote control, but the intake valve on
the P61 sampler is in contrast to the other samplers first opened when the sampler is
lifted up from the river bed, which results in an integrated sample from the bottom to
the surface. By not using the P61 sampler in 2004 we eliminated possible bias due to
different sampling techniques at the Krokur and Urridafoss cableways.

2.1.2 Grain size analysis

As in previous studies of suspended sediment samples from Pjorsa, all the samples were
analyzed at the Sedimentological Laboratory at the Hydrological Service, using a
combination of a sedimentation method (<63um) and sieving (>63pum) (Svanur Péalsson
and Gudmundur H. Vigfusson 2000). Suspended sediment concentration (mg/l), total
dissolved sediment concentration (TDS in mg/l), and grain size distribution were
measured on all samples. As in 2003, the sampling bottles from each of the seven
locations were combined prior to analysis instead of being analyzed separately before a
weighted mean was calculated like in previous years (Jorunn Hardardottir and Svava
Bjork Porlaksdottir 2002; 2003; 2004).

The results from the grain size analysis of the suspended samples are reported in five
grain size classes based on a modified Atterberg grain size scale as this as been the
standard classification used in publication of sediment data for Landsvirkjun in recent
years (Table 2). Due to problems translating the Icelandic terms for size classes into
English without confusing them with other grain size scales, such as the widely used
Udden-Wentworth scale, the Icelandic names are hereafter used in this report. The
nearest applicable grain size terms according to Udden-Wentworth are, however, also
included in Table 2 for comparison.

Table 2: Grain size classification used in this report for suspended sediment samples.

Icelandic name used here English name Grain size (mm)
Sandur “Coarse and medium sand” 2-0.2
Gréfmor “Fine sand” 0.2-0.06
Finmor “Coarse silt” 0.06-0.02
Méla “Fine silt” 0.02-0.002
Leir “Clay” <0.002

Suspended sediment grains larger than 2 mm are included within the sandur fraction;
however, only an insignificant part of the suspended sediment is larger than 2 mm.
Note that depending on the current velocity, the sandur can be transported as bedload at
some locations, whereas at other location the same grains are transported in suspension.
Sediment coarser than 2 mm is, however, mostly transported as bedload.

Because the division into grain size classes is percentage based data, closed array
problems are interlinked with such data handling. Hence, when percentage of one size
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class increases, the percentage of one or more classes must decrease. This must be kept
in mind when the data are interpreted.

2.2 Bedload samples

2.2.1 Sampling procedure

The sampler used for retrieving bedload samples at the cableway at Krokur and from the
boat at Sandartunga was of a Helley-Smith type, close to 48 kg, with a 7.6x7.6 cm
opening, and a 3.22 expansion ratio (Fig. 3). In each campaign at Krokur, samples were
collected at the same seven stations as the suspended samples were retrieved from, i.e.
40, 50, 60, 65, 70, 80, and 140 m, as well as at 105 m in the March campaign. In most
of the campaigns, additional samples were also taken at 2—4 locations between 80 m and
the right bank at ca. 200 m to see how well the bedload at 140 m represented the
bedload transport for the extreme width from 80 m and to the bank. At Sandartunga the
samples were taken at 15, 25, 35, 45, 55, 65, 76, 85, 95, 105, and 115 m, with the river
banks located at 5 and 119 m.

Figure 3: Top: Bedload sampling at the cableway at Krokur, bjorsa (Photo: Arndis
Olafsdéttir). Bottom left: The location of bedload sampling at Sanddrtunga, Pjorsd
(Photo: Jorunn Hardardottir). Bottom right: The specially equipped boat used for
bedload sampling at Sandartunga, Pjorsa, here used at Soleyjarhdéfoi, Pjorsa (Photo:
Steen Henriksen).

At each station the Helley-Smith sampler was lowered to the riverbed where it usually
remained for 60 to 300 seconds before it was pulled up again. A woven sample bag is
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positioned behind the opening, into which the bedload is retrieved. The mesh size of the
bag is 250 um which allows the finest suspended material to filter through the bag. On
Fig. 3 (top), this bag is being fastened to the opening of the bedload sampler.

At Kroékur, each sample was weighted in the sample bag and then the weight of the bag
subtracted from the total weight. If the sample included larger material than sand the
size of the largest pebble was measured with a ruler. The number of bedload samples
collected in each campaign was between 74 and 89; however, no bedload samples were
collected in December (Table 1). In all campaigns at Krékur when bedload sampling
was carried out, one to two samples were collected from each station for grain size
analysis at the Sedimentological Laboratory of the Hydrological Service (Table 1).

On the contrary, at some stations in Sandartunga the sampling bag came up empty as no
bedload was being transported. Samples from all the other stations were brought back to
the laboratory where they were weighed immediately upon arrival, and set aside for
subsequent grain size analysis.

2.2.2 Bedload calculations

The bedload transport was calculated in the same way as for campaigns in 2001 to 2003
(Jorunn Hardardottir and Svava Bjork Porlaksdottir 2002; 2003; 2004). The wet weight
of the samples was used although it can deviate considerately from the dry weight of the
samples as was seen when some of the samples were analyzed for grain size. The
difference was usually less than 30%, but could be higher for the smallest samples (up
to 50%), which were most often collected at 40 and 140 m.

First the bedload 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 and
the width of the sampler opening. The mean transport at each station was then
calculated.

1 n/ Ml

Mean transport at each station j q,, =— ) ——
Ton, T td

where M; is the mass of sample i (in grams), # 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 ;.

The total transport through the cross section was then calculated using the following
equation:

. +
Total transport through cross section :  Q, = %xl + (]“sz +..+ Txn

where Q) 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).
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In this report the transport between stations was also calculated for easier illustration of
the data in tables using:

Transport between stations : v =q, L

where L; is the distance between the midpoints between the stations adjacent to station j;
however, at each river bank only half the distance from the end station to the bank is
used. Summation of these values for the entire cross section provides the same results as
shown above for Q.

2.2.3 Bedload grain size measurements

The samples were initially dried at 60°C before they were analyzed for grain size. The
sieve stack that was used ranged from 64 to 0.063 mm, with sieve aperture interval of
0.5 ¢ (phi). Table 3 shows the size classes used in both ¢ and mm, as well as the
corresponding names according to Wentworth size classes (Boggs 1995). Note that the
names of the finer grain size classes is not equivalent to the names of the suspended
grain size classes, where the bedload sand class is divided into sandur (>0.2 mm) and
grofmor (0.06—0.2 mm).

Table 3: Grain size classes used in bedload sieving.

mm ¢ Size classes mm ¢ Size classes
256 -8 Boulder 1.41 -0.5 Very coarse sand
64.0 -6 Cobble 1.00 0

44.8 -5.5 Very coarse pebble 0.71 0.5 Coarse sand
32.0 -5 0.50 1

22.4 -4.5 Coarse pebble 0.35 1.5 Medium sand
16.0 -4 0.25 2

11.2 -3.5 Medium pebble 0.18 2.5 Fine sand
8.00 -3 0.125 3

5.66 -2.5 Fine pebble 0.088 35 Very fine sand
4.00 -2 0.063 4

2.83 -1.5  Very fine pebble/Granule <0.063 >4 Silt and clay
2.00 -1

Both the Udden-Wentworth scale and the linear Phi scale (¢) are shown in Table 3 for
comparison; however, in the following section the phi scale is used for simplification of
statistical analysis. The conversion from Udden-Wentworth values to phi values is
given by the following equation:

¢=-logx(d)
where d is grain diameter in mm.
The grain size data are shown as cumulative graphs on a linear phi scale. In addition,

using the method of moments (Krumbein and Pettijohn 1938), the following
sedimentological parameters were calculated: mean, sorting, and skewness.

-16 -



The moment statistics were calculated in the following manner using the Gradistat
program procedure introduced by Blott and Pye (2001). Only the grain size >63pum was
used in moment statistics calculations, but in all but one sample this fraction of the
samples was negligible (<0.4%) (2,9% in a sample from 40 m taken 2004-09-20 at
10:46.

Mean : Xp = me
n
- 2
Sorting : o) = Z:f(m——x(,;)
100
3
Skewness : Sky = M
1000,

where f indicates weight percent in each grain size grade and m the midpoint of each
grain-size grade in phi values.

The mean value in moment statistics indicates a simple arithmetic mean, whereas
sorting represents the standard deviation of the data. The sorting value represents the
slope of the cumulative graph; as the sorting value decreases, the sample is better sorted.

The skewness value describes the form of the frequency curve, i.e. the sorting in the tail
of the grain-size population. Negative skewness indicates that distribution of the coarse
material is greater than the fine material, and vice-versa. Positively skewed material
thus has a tail of excess fine particles (Boggs 1995).

3 RESULTS

3.1 Suspended sediment samples

As in previous data reports the results from grain size analysis of the suspended
sediment samples has been divided into three parts based on the sampling location
instead of introducing data from the two sampling programs separately. These are: S3
samples from beneath the old bridge above Urridafoss, S1 samples from the Urridafoss
cableway, and S1 samples from Krokur.

3.1.1 Urridafoss S3 samples

Twelve suspended sediment samples were taken in 2004 with the handheld DH48 rod
sampler from the river bank below the old bridge on Highway 1. Seven of those were
taken within the chemical sampling program funded by Landsvirkjun (National Power
Company), and the Environmental and Food Agency of Iceland (see Sigurdur R.
Gislason ef al. 2004), but five samples were taken during sediment campaigns.
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The sample from October 25™ has much higher total concentration than the other
samples which is mainly caused by abnormal sandur (>0.2 mm) percentage, 90% or
1207 mg/1 (off the scale on Fig. 4.). Nothing was unusual with the collecting procedure
of the sample although the people who took the sample noticed its high concentration
when the sample was taken. One explanation could be that the low discharge (243
m’/s) during the time of sampling may have caused the rod sampler to have reached
closer to the bottom where the sandur fraction should be highest.

The main observed seasonal change is an increase in the leir (<0.002 mm) fraction
during the latter part of the year to 30-55%, first seen in the sample from early August.
In contrast, the cumulative sandur and grofmor (0.06-0.2 mm) percentage is higher in
most of the samples taken during the winter season. Finer sediment during the summer
and autumn seasons corresponds well with greater abundances of fine material during
the glacier melting period. However, the high sandur percentages in winter time are
partly caused by the closed array problem of percentage data, so that the sandur
percentage must decrease when the fine fraction increases. Hence, it is useful to study
the percentage and concentration graphs together for better understanding of the
behaviour of the grain size changes. These seasonal changes are similar to what has
been observed in S3 samples from Urridafoss in recent years (Jorunn Hardardottir and
Svava Bjork borlaksdottir 2002; 2003; 2004).

Table 4: Grain size data on suspended S3 sediment samples from Pjorsa taken from
beneath the old bridge on Highway 1 at Urridafoss. Samples in other color than black
represent samples from total sediment campaigns. The same color will be used
throughout the report to distingish between campaigns.

Date Discharge Sediment Dissolved Sandur % Grofmoér % Finmér % — Méla % Leir %  Largest part.
(m’/s) (mg/l) (mg/l)  (>0.2mm) (0.2-0.06 (0.06-0.02 (0.02-0.002 (<0.002 (mm)
mm) mm) mm) mm)

2004-02-10 11:40 339 71 68 36 17 10 31 6 1,5
2004-03-09 12:15 914 137 50 15 23 12 41 9 1,2
2004-03-12 16:30 654 56 40 17 27 4 47 5 1
2004-05-28 12:05 330 25 61 28 4 3 47 18 1
2004-08-03 17:05 448 114 37 7 5 11 33 44 1,1
2004-09-22 10:15 313 67 58 9 3 4 35 49 0,9
2004-09-24 11:45 323 74 58 6 1 4 35 54 1,2
2004-10-13 12:15 329 66 46 39 2 1 25 33 2,6
2004-10-25 12:35 243 1341 72 90 5 2 2 1 2,7
2004-12-14 15:53 273 30 72 24 8 1 30 37 1,1
2004-12-20 13:14 283 29 83 65 5 9 14 7 1,7
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Figure 4: Grain size distribution in S3 samples from Urridafoss in 2004. Upper figure,
percentage,; Lower figure, concentration. Note that sandur concentration for sample
taken on October 25 is off the scale.

3.1.2 Urridafoss cableway samples

Only four suspended samples were taken from the old cableway above Urridafoss as it
was not possible to reach the cableway with the sampling equipment during the March
flood. These samples were all taken with the S49 sampler from three or more locations
across the river channel and are thus classified as S1 samples. The results from the grain
size analysis are shown in Table 5 and in Fig. 5. As with S3 samples from Urridafoss,
results are shown as both percentage and concentration.

The total sediment concentration was highest in the October sample, 423 mg/l, but
lowest in the December sample, or only 65 mg/l. The low concentration is consistent
with the lowest discharge, but unusually high sandur percentage (92%) in the October
sample increases the total sediment concentration greatly in that sample so that
concentration is higher that expected at the discharge of 321 m’/s.
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Table 5: Grain size data on suspended S1 sediment samples from bjorsa taken from
the old cableway above Urridafoss. The color of the sample results corresponds to the
sediment campaign they were obtained in.

Date Discharge Sediment Dissolved Sandur % Grofmor % Finmor %  Méla % Leir %  Largest part.
(m’/s) (mg/l) (mg/l) (>0.2mm) (0.06-0.2 (0.02-0.06 (0.002-0.02 (<0.002 mm)  (mm)
mm) mm) mm)
2004-09-22 11:15 304 121 65 43 2 3 20 32
2004-10-13 14:10 321 423 75 92 2 2 2 2 2
2004-12-14 17:10 277 65 78 69 2 3 19 7 2,2
100
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Figure 5: Grain size distribution in SI1 samples from the Urrioafoss cableway in 2004.
Upper figure, percentage; Lower figure, concentration. Note that sandur fraction for
the sample taken on October 13 is off the scale.

The seasonal variations in grain size appear to be similar as in the S3 samples from
beneath the bridge on Highway 1; i.e. higher percentage/concentration of the fine
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material in the summer summer samples (20-32%; 24-56 mg/l) than the October and
December samples (2—-19%; <12 mg/l). The sandur percentage is thus higher in the
winter samples (69-92%) than in the summer samples (31-43%), but this effect is
partly caused by the nature of the percentage data as is seen when the concentration data
is studied where the sandur concentration of the December sample is lower than in the
other samples.

3.1.3 Krokur samples

All the suspended sediment samples taken from the electric cableway at Krokur were
taken in seven sample bottles at 40, 50, 60, 65, 70, 80, and 140 m distance from the
house. The contents of the individual bottles were combined into one sample before
grain size analysis, in contrast to what was done in 2001 and 2002 when each sample
bottle was analyzed separately. The results are shown in Table 6 and the same results
are shown both as percentage and concentration in Fig. 6.

Table 6: Grain size data on suspended S1 sediment samples from bjorsa taken from
the motorized cableway at Krokur. The color of the sample results corresponds to the
sediment campaign they were obtained in.

Date Discharge Sediment Dissolved Sandur % Grofmor % Finmor %  Méla % Leir %  Largest part.
(m’/s) (mg/1) (mg/l) (>0.2mm) (0.06-0.2 (0.02-0.06 (0.002-0.02 (<0.002 mm)  (mm)
mm) mm) mm)
2004-03-12 15:15 659 92 39 18 20 7 46 9 1,3
2004-09-22 08:46 330 120 55 43 2 2 22 31 2,5
2004-10-13 10:30 338 116 46 51 3 4 19 23 1,5
2004-12-14 14:00 275 57 78 60 4 2 24 10 2,2

The total sediment concentration varied from 57 mg/l in the December sample when the
discharge was only 275 m’/s to 158 mg/I in the August sample, which was taken when
discharge was 455 m’/s. Unexpectedly, the total sediment concentration in the sample
taken in the March flood (659 m’/s) was relatively low, or only 92 mg/I.

Grain size in the individual size classes changed somewhat from one sample to another.
The percentage of sandur increased from 18% in the first sample to 60% in the
December sample, whereas the /eir percentage was highest in the samples taken in
August, September and October, i.e. 23-31% (Table 6; Fig. 6). Similar results are seen
in the concentration data (Fig. 6) although the sandur concentration in the December
sample does not increase as substantially as the percentage data suggests.
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Figure 6: Grain size distribution in SI1 samples from Krokur in 2004. Upper figure,
percentage,; Lower figure, concentration.

3.2 Bedload samples

3.2.1 Bedload transport at Krokur

Bedload samples were obtained at two locations in lower Pjorsa in 2004. In four of the
five total sediment campaigns (Table 1), 317 samples were collected from the Krokur
cableway. In all campaigns, samples were taken at 40, 50, 60, 65, 70, 80, and 140 m
with supplementary samples taken at 105, 125, and 155 m to better evaluate the bedload
transport in the ca. 120-m-wide section from 80 m to the right bank at 200 m. Moreover,
the 105 m station was a regular sampling site in the March campaign, and was included
in calculation of bedload transport; however, the other sites were only used to confirm
the transport at around 140 m and not used in calculations. Of those, one sample from
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the standard sampling sites in each campaign (seven or eight samples) were used for
grain size analysis.

In the Krokur campaigns, the samples were taken within two to three days in each
campaign, during which period discharge changed substantially in some instances.
Hence, bedload calculations were performed after each campaign data set had been
divided into smaller data sets according to discharge range and sampling days.

As in previous data reports, the results from each campaign are shown as a graph of
sample transport in g/s/m and in a table that portrays the transport data at each station,
between station midpoints, total transport, as well as the mean discharge and its range
(Figs. 7 to 10). Bedload transport is calculated for the channel between 16 and 200 m
which is the mean moving stretch of the river according to discharge measurements.
The mean bedload transport at each station is summarized on Fig. 11 and mean
transport between station midpoints is shown on Fig. 12. For easier separation between
the many data subsets, each data set has been divided into two figures and a color
corresponding to the color scheme used within each campaign used (see on Figs. 7 to
10).

The mean bedload transport differed substantially from one station to another, within
each campaign, as well as between the campaigns. The greatest mean bedload was
usually transported between 50 and 70 m, with only minor bedload transported at 40,
80, and 140 m (most often <15 g/s/m). However, the bedload transport in the March
flood campaign differed greatly as much more bedload was transported closer to the
banks at 40, 105, and 140 m than in other campaigns, with mean bedload transport at
140 m reaching 865 g/s/m on the afternoon of March 11", When the bedload transport
is integrated for the stretch between the stations, the great bedload transport at 140 m
within three of the four March data sets, and the high mean transport at 40 m in the
fourth data set (Fig. 12) increase substantially due to the longer stretch of the channel
they are integrated for (see section 2.2.2 for methods of calculations). Although the data
clearly shows that at the high discharge (787-956 m?/s) occurring during the March
flood bedload was transported closer to the river banks, we do not have data to confirm
whether this was true for the whole channel stretch the data is integrated over. Hence,
we suggest that the high total bedload transport between station midpoints at 40 and 140
m (10000—45000 g/s) in March (Fig. 12) should be used with caution.
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Station (m)
2004-03-10 12:10 to 15:59 40 m 50 m 60 m 65 m 70 m 80m 105m 140m
Width btw. station midpoints 16 10 7,5 5 7,5 17,5 30 47,5 Mean Q=787 m®/s
Mean bedload transport at 0 3
cach station (g/s/m) 134 62 24 257 453 19 47 234 | Range Q=9 m’/s
Tgtal t.ransport btw. station 2145 620 179 1283 3397 333 1424 11127 Total transport
midpoints (g/s) 20.5 kg/s
2004-03-10 16:10 to 18:38 40m S0m 60m 65m  70m 80m 105m 140m
Width btw. station midpoints 16 10 7,5 5 7,5 17,5 30 47,5 Mean Q=799 m’/s
Mean bedload transport at 03
cach station (¢/s/m) 747 528 30 224 718 26 38 53 Range Q=9 m’/s
T(_)ta] t'ransport btw. station 11951 5278 21 1118 5337 448 1135 2535 Total transport
midpoints (g/s) 28.1 kg/s
2004-03-11 10:24 to 13:07 40 m 50 m 60 m 65 m 70 m 80 m 105m 140m
Width btw. station midpoints 16 10 7,5 5 7,5 17,5 30 47,5 Mean Q=910 m’/s
Mean bedload transport at 55 145 133 215 99 34 387 218 | Range Q=28 m/s
each station (g/s/m)
Tgtal t?‘z\l1sp0/ljt btw. station 382 1448 997 1073 745 503 11608 10337 Total transport
midpoints (g/s) 27.7 kg/s

Figure 7: Results from bedload measurements during 10—11 March 2004.

-4 -



350

#2004-08-03 17:55 to 22:45
300 m 2004-08-04 10:15 to 12:52 | |

E A 2004-08-04 14:32 to 18:00

B 250 ©2004-08-04 18:18 to0 22:19 | |

ES ® #2004-08-05 08:20 to 09:20

2

¢ 200 1

=

t .

§_ 150 A

s

S 100 | A

3]

o

3 A

o 50 |

____f———;_i_l!l_;
0 e o 8 o .
0 20 40 60 80 100 120 140 160 180 200
Station (m)

2004-08-03 17:55 to 22:45 | 40m 50 m 60 m 65 m 70 m 80 m 140 m
Width btw. station 16 10 7.5 5 7.5 35 60 | Mean Q=459 m¥/s
midpoints
Mean bedload transport at 43
cach station (g/s/m) 6 23 9 86 6 4 6 Range Q=7 m’/s
Total transport btw. station Total transport
midpoints (¢/s) 89 230 66 429 48 153 346 1.4 ke/s
2004-08-04 10:15 to 12:52 | 40 m 50 m 60 m 65 m 70 m 80 m 140 m
Width btw. station 16 10 7,5 5 7,5 35 60 | Mean Q=461 m/s
midpoints
Mean bedload transport at _ 3
each station (g/s/m) 21 30 8 26 5 4 15 Range Q=15 m’/s
thal transport btw. station 339 296 60 131 37 140 923 Total transport
midpoints (g/s) 1.9 kg/s
2004-08-04 14:32 to 18:00 40 m 50 m 60 m 65 m 70 m 80 m 140 m
Hidih bt station 16 0 75 5 75 35 60 | Mean Q=434 m’s
midpoints
Mean bedload transport at 52 22 6 39 139 5 6 | Range Q=11 m/s
each station (g/s/m) g
TQtal 1.1‘ansporl btw. station 336 224 43 193 1040 162 353 Total transport
midpoints (g/s) 2.9 kg/s
2004-08-04 18:18 to 22:19 40 m 50 m 60 m 65 m 70 m 80 m 140 m
Widih b station 16 10 7.5 5 7.5 35 60 | Mean Q=447 m’s
midpoints
,\1611]]‘bc‘ld]011d tl"zmsport at 6 19 16 264 89 6 ] Range Q=5 m’/s
each station (g/s/m) .
’l'le transport btw. station 9 187 116 1322 669 209 507 Total transport
midpoints (g/s) 3.1 kg/s
2004-08-05 08:20 to 09:20 | 40 m 50 m 60 m 65 m 70 m 80 m 140 m
Width bow. station 16 0 75 5 75 35 60 | Mean Q=464 m’s
midpoints
Mean bedload transport at a3
cach station (¢/s/m) 13 56 14 27 131 28 5 Range Q=3 m’/s
thal transport btw. station 215 560 104 135 083 995 284 Total transport
midpoints (g/s) 3.3 kg/s

Figure 8: Results from bedload measurements during 3—5 August 2004.
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2004-09-20 16:44 to 20:36 40 m 50 m 60 m 65 m 70 m 80 m 140 m
Width btw. station 16 10 7.5 5 7,5 35 60 | Mean Q=408 m’/s
midpoints
Mean bedload transport at o 3
each station (g/s/m) 3 497 369 428 270 7 3 Range Q=8 m’/s
Total transport btw. station Total transport
midpoints (5) 16 4975 2766 2138 2026 256 164 | 15 g kgls
2004-09-21 08:43 to 10:46 | 40m 50 m 60 m 65 m 70 m 80 m 140 m
Widih biw. station 16 10 75 5 75 35 60 | Mean Q=391 m/s
midpoints
Mean bedload transport at _ 3
cach station (g/s/m) 2 244 54 286 2 5 2 Range Q=12 m’/s
thal t}ransport btw. station 38 2437 406 1432 14 176 144 Total transport
midpoints (g/s) 4.6 kg/s
2004-09-21 10:59 to 12:03 | 40m 50 m 60 m 65 m 70 m 80 m 140 m
Width btw. station 16 10 7.5 5 7.5 35 60 | Mean Q=379 m/s
midpoints
Mean bedload transport at _ 3
cach station (g/s/m) 2 137 330 599 219 5 3 Range Q=10 m’/s
thal tTanspoﬂ btw. station 31 1371 2478 2995 1639 191 157 Total transport
midpoints (g/s) 8.9 kg/s
2004-09-21 12:14 to 13:18 40 m 50 m 60 m 65 m 70 m 80 m 140 m
Width btw. station 16 10 75 5 75 35 60 | Mean Q=369 m’/s
midpoints
Mean bedload transport at o O=T 3
cach station (g/s/m) 2 310 321 48 40 6 2 Range Q=7 m’/s
thal transport btw. station 23 3101 2410 238 302 214 105 Total transport
midpoints (g/s) 6.4 kg/s

Figure 9: Results from bedload measurements during 20-21 September 2004.
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2004-09-21 13:30 to 14:31 40 m 50 m 60 m 65 m 70 m 80 m 140 m

Width btw. station 16 10 7.5 5 7.5 35 60 | Mean Q=362 m’/s
midpoints

Mean 1)6@1()21(1 /t%'z/msport at ) 279 464 498 388 ) I Range Q=7 m’/s
each station (g/s/m)

T(?tzil t}'ansport btw. station 31 2787 3483 2488 2913 77 66 Total transport
midpoints (g/s) 11.8 kg/s
2004-09-21 17:22 to 18:16 | 40 m 50 m 60 m 65 m 70 m 80 m 140 m

Width btw. station 16 10 7.5 5 7.5 35 60 | Mean Q=303 m¥/s
midpoints

Mean bedload transport at _ 3
cach station (g/s/m) 2 3 118 137 378 3 2 Range Q=23 m’/s
Total transport btw. station 24 35 887 684 2831 107 9 Total transport

midpoints (g/s)

4.7 kg/s

Figure 9 cont.: Results from bedload measurements during 20—21 September 2004.
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Figure 10: Results from bedload measurements during 11—12 October 2004.
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Figure 11: Mean bedload transport at each station at Krokur in 2004. A. March and
August campaigns. B. September and October campaigns. River banks are located at
approx. 16 and 200 m. The same scale is used for both parts for easier comparison.
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Figure 12: Total bedload transport between station midpoints at Krokur in 2004. A.
March and August campaigns. B. September and October campaigns. River banks are
located at approx. 16 and 200 m.
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Figures 11 and 12 show the great difference in bedload campaigns, where the mean
bedload at each station and between station midpoints is by far lowest during the
August campaign and second lowest in the October campaign. The mean bedload
transport in September was closer to that of the March flood for the stations in the
middle of the channel, and even higher in most instances.

Table 7 and Fig. 13 show the total bedload transport for each bedload data set. The
transport is by far highest in the March campaign (20.5-66.5 kg/s); however, the high
transport close to the banks may cause an overestimate in the total bedload values,
especially in the last bedload data set (66.5 kg/s, yellow). As with the mean bedload
transport the total transport was the second highest in the September data sets, 3.4-12.4
kg/s (blue colors) and lowest in August (1.4-2.9 kg/s, green colors). The difference
between the total bedload in March and September is to a large extent caused by the
high transport closer to the river banks in the March flood.

Table 7: Results from bedload measurements at Krokur in 2004.

Campaign date Mean discharge (m%/s) Range (m’/s) Total integrated bedload transport (kg/s)
2004-03-10 12:10 to 15:59 787 9 20.5
2004-03-10 16:10 to 18:38 799 9 28.1
2004-03-11 10:24 to 13:07 910 28 27.7
2004-08-03 17:55 to 22:45 459 7 1.4
2004-08-04 10:15 to 12:52 461 15 1.9
2004-08-05 08:20 to 09:20 464 3 33
2004-09-20 16:44 to 20:36 408 8 124
2004-09-21 08:43 to 10:46 391 12 4.6
2004-09-21 10:59 to 12:03 379 10 8.9
2004-09-21 12:14 to 13:18 369 7 6.4
2004-09-21 17:22 to 18:16 303 23 4.7
2004-10-11 14:30 to 18:05 327 12 3.5

Figure 13 shows well the large difference in total bedload transport among the data sets.
The August transport is unusually low compared to the relatively high mean discharge
at the time the samples were obtained (434461 m’/s). The reason for the low transport
in August compared to in other campaigns is unknown, although it may be partly caused
by a short-lived discharge peak that occurred a couple of days earlier when discharge
reached close to 600 m’/s. This event may have flushed the channel at Krokur clean of
bedload causing less bedload to be sampled a couple of days later. Nevertheless, this is
only speculative.
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Figure 13: Total bedload transport vs. mean discharge in the 2004 sediment
campaigns.

3.2.2 Bedload transport at Sandartunga

Using a specially equipped boat, 22 samples were retrieved from Sandartunga in two
separate series on September 22, 2005 (Figs. 1 and 3). The samples were taken at 15,
25, 35, 45, 55, 65, 76, 85, 95, 105, and 115 m, with the river banks located at 5 and 119
m. It only took about a hour to obtain all samples in each series; however, the logistics
with setting up the boat cable took several hours. All samples larger than 10 g were
collected and used for grain size analysis; altogther seven samples.

The current conditions at Sandartunga make bedload sampling from a boat favorable, at
least at the discharge values (about 350 m’/s) prevailing during the September sampling.
The discharge during sampling is, however, not well defined as there is no direct
measurement at the site. Instead the discharge at Pjorsartin (vhm 30; V320) 50 km
downstream is used with a 14 hours delay.

During both sampling series, the channel depth was measured. The measurements agree
well with each other (Fig. 14) and show that the channel is deepest about 4.4 m close to
the left (south) bank of the river. Based on the sentiment of the sampling team, the
current was also greatest in this part of the river, but discharge was not measured
directly.
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The bedload transport at each station in both sampling series is also shown on Fig. 14
and the underlying data are portrayed in Table 8. It is evident that the bedload transport
was concentrated in a narrow stretch on the right slope of the channel, from 55 to 75 m.
There was, however, a large difference between samples taken at these three sites
during each sampling series. The bedload transport was from 10 to 13 g/s/m at sites 55—
75m in the first series, but reached over 30 g/s/m in the second series, when it was
concentrated at 55 and 65 m (Fig. 14; Table 8). Very little transport was measured at the
other sites, with the bag being empty at many stations.
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Figure 14: The measured channel depth in the two sampling series at Sanddrtunga

Distance (m)

(black lines) and bedload transport "at-a-point" in same sampling series.
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Table 8: Results from bedload measurements at Sandartunga on September 22, 2004.

2004-09-22 19:03-20:06 15 25 35 45 55 65 75 8 95 105 115 | (m)
Width btw. station o 10 10 10 10 10 10 10 10 10 7 |MeanQ=
midpoints ~350 m’/s
Mean befiload transport at 0 0 32 1.9 302 342 0.4 0.4 0 0 0
each station (g/s/m)
. Total

El?éal(firsgsf’%btw' station ) 0 32 19 302 342 4 4 0 0 0 | transport

p g 0.7 kg/s
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Using the same methods for transport calculations as for Krékur (chapter 2.2.2), the
total bedload transport was 0.4 kg/s in the first series and 0.7 kg/s in the second series.
This is over an order of magnitude less transport than was measured at Krokur two days
earlier (3.4-12.4 kg/s).

3.2.3 Grain size of bedload samples

3.2.3.1 Krokur samples

One sample from each station at Krokur, i.e. 40, 50, 60, 65, 70, 80, and 140 m, were
collected for grain size analysis in each of the four bedload campaigns, as well as an
extra sample from 105 m in March, altogether 29 samples. All samples were analyzed at
the Sedimentology Laboratory of the Hydrological Service, as described in chapter
2.2.3. The cumulative frequency graphs are shown on Figs. 15 to 18 and the same colors
are used for each station in all graphs for easier comparison. The results from moment
statistics are shown in Table 9 where the type of sample and the sediment name is also
shown.

Great variability is seen from one station to another within each campaign as well as
between the same stations in different campaigns. Despite the difference, some general
indications can be made. The finest material was usually taken from 80 and 140 m, with
the sample from 60 m being similarly fine in three out of four campaigns. In contrast,
the coarsest material in each campaign was most often taken at 50, 65, and 70 m. The
frequency curves (Figs. 15-18) show that most samples taken in March and August are
coarser than the ones taken in September and October, although this is better portrayed
on Fig. 19, which shows the mean grain size of each sample. The coarsest samples were
taken in March when three samples had mean grain size coarser than -1.0 ¢, or 2 mm. In
contrast, all September samples but one had mean grain size finer than 0.5 ¢, i.e. 0.71
mm or coarse sand.

It should be noted from the start that care should be taken when the statistical results
from the method of moments calculations are interpreted. Strictly, such analysis should
only be valid when performed on closed-end, unimodal size distributions, which these
data are often not. Table 9 lists the shape of the distributions, i.e. whether they are uni-,
bi-, tri-, or polymodal.

The coarse March samples and the coarse 50 m sample from October were less sorted
(>1.3 ¢ ) than the rest of the samples which were relatively similar, with sorting
between 0.7 and 1.2 ¢ (Fig. 19). Figure 19C shows the skewness calculated by moment
statistics, which differed greatly from one station to another, but also within each
station. Using the definition in moment statistics for logarithmic calculations of -0.43 as
the upper limit for coarse skewed distributions (Blott and Pye 2001), all the samples
from 60 and 140 m are negatively (coarse) skewed, as well as half of the samples from
40, 70, and 80 m. This indicates that these samples have an excess tail of coarse

material. Most of the remaining samples have symmetrical distribution (skewness
between -0.43 and 0.43).
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Figure 15: Cumulative grain size curve for Krokur bedload samples collected on
March 10, 2004.
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Figure 16: Cumulative grain size curve for Krokur bedload samples collected on
August 4, 2004.
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Figure 17: Cumulative grain size curves for Krokur bedload samples collected on
September 20, 2004.
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Figure 18: Cumulative grain size curves for Krokur bedload samples collected on
October 12, 2005.
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Table 9: Results of statistical analysis of the grain size distribution (logarithmic
method of moments), shape of the grain size curve, and sediment name of all samples
taken at Krokur (K) and Sandartunga (S) in 2004.

Sample name Shape of Sediment name* Mean grain Sorting  Skewness
grain size size (§) (¢) (¢)
distribution
K-40 m - 2004-03-10 18:38 Polymodal Sandy Very Fine Gravel -1,06 1,55 -0,69
K-50 m - 2004-03-10 18:32 Unimodal Sandy Very Fine Gravel -1,75 1,35 -0,10
K-60 m - 2004-03-10 18:25 Bimodal, Very Fine Gravelly Coarse Sand 0,56 0,96 -1,05
K-65 m - 2004-03-10 18:17 Unimodal Very Fine Gravelly Coarse Sand 0,01 0,91 -0,23
K-70 m - 2004-03-10 18:09 Polymodal Sandy Medium Gravel -1,86 1,68 0,03
K-80 m - 2004-03-10 17:59 Bimodal Very Fine Gravelly Coarse Sand 0,20 1,10 -0,10
K-105 m - 2004-03-10 17:47 Bimodal Very Fine Gravelly Coarse Sand 0,47 1,03 -0,27
K-140 m - 2004-03-10 17:30 Bimodal Slightly Very Fine Gravelly Medium Sand 0,72 0,89 -0,82
K-40 m - 2004-09-21 10:46 Unimodal Moderately Sorted Medium Sand 1,19 0,83 -0,01
K-50 m - 2004-09-21 10:40 Unimodal Slightly Very Fine Gravelly Medium Sand 0,80 0,81 -0,66
K-60 m - 2004-09-21 10:32 Bimodal Very Fine Gravelly Coarse Sand 0,49 0,88 -0,68
K-65 m - 2004-09-21 10:23 Unimodal Sandy Very Fine Gravel -0,58 1,18 -0,11
K-70 m - 2004-09-21 10:14 Bimodal Very Fine Gravelly Medium Sand 0,66 0,94 -0,69
K-80 m - 2004-09-21 10:05 Unimodal Slightly Very Fine Gravelly Medium Sand 0,93 0,83 -1,34
K-140 m - 2004-09-21 09:52 Unimodal Slightly Very Fine Gravelly Medium Sand 1,17 0,71 -1,12
K-40 m - 2004-10-12 12:23 Unimodal Slightly Very Fine Gravelly Medium Sand 0,73 0,87 -0,64
K-50 m - 2004-10-12 12:15 Trimodal Sandy Medium Gravel -1,12 1,99 -0,17
K-60 m - 2004-10-12 12:07 Unimodal Slightly Very Fine Gravelly Medium Sand 0,86 0,77 -1,30
K-65 m - 2004-10-12 11:57 Bimodal, Sandy Very Fine Gravel -0,96 1,21 0,26
K-70 m - 2004-10-12 11:37 Unimodal Very Fine Gravelly Coarse Sand -0,14 1,09 -0,59
K-80 m - 2004-10-12 11:26 Unimodal Very Fine Gravelly Medium Sand 0,80 0,93 -1,15
K-140 m - 2004-10-12 11:12 Unimodal Slightly Very Fine Gravelly Medium Sand 0,99 0,79 -1,29
S-35 m - 2004-09-22 19:54 Unimodal, Slightly Very Fine Gravelly Medium Sand 0,90 0,64 -0,94
S-45 m - 2004-09-22 19:49 Bimodal Sandy Very Fine Gravel -0,62 1,07 0,25
S-55 m - 2004-09-22 18:32 Bimodal Sandy Medium Gravel -2,44 1,93 0,87
S-55 m - 2004-09-22 19:42 Trimodal Sandy Medium Gravel -1,09 1,85 -0,13
S-65 m - 2004-09-22 18:39 Unimodal Very Fine Gravel -1,90 0,76 0,35
S-65 m - 2004-09-22 19:35 Unimodal Very Fine Gravel -1,64 0,64 -0,07
S-75 m - 2004-09-22 18:43 Bimodal Very Coarse Gravel -3,77 1,95 1,04

* Sediment name is given by the GRADISTAT program (Blott and Pye 2001), but is based on the work of Folk

(1954).

The correlation between the different moment statistics are shown on Fig. 20. Obvious
correlation is seen between mean grain size and sorting although the correlation
coefficient (R?) is only medium high (0.64). The coefficient is though significantly
higher for the individual sampling campaigns, i.e. 0.74—0.90, if the August campaign is
excluded (0.54). Hence, samples with smaller grain size (larger ¢) tend to be better
sorted (lower ¢ ). Good correlation is only seen for the September campaign if skewness
vs. mean grain size are compared. Still there appears to be a tendency for finer samples
to be more negatively skewed (Fig. 20B). No correlation is on the other hand seen
between sorting and skewness (Fig. 20C).
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Figure 19: Mean grain size (A), sorting (B), and skewness (C) (according to moment
statistics) of all sieved samples from bjorsa, Krokur, sampled in 2004.
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3.2.3.2 Sanddartunga samples

The cumulative frequency curves of the seven samples taken at Sandartunga on
September 22 are represented on Fig. 21, whereas the results from moment statistics

were shown in Table 9 and are illustrated on Fig. 22.
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Figure 21: Cumulative grain size curves for Sandartunga bedload samples collected on

September 22, 2004.
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Great difference is seen in the grain size among the seven samples that were taken at
five widths, 35, 45, 55 (2 samples), 65 (2 samples), and 75 m. This is both seen on the
frequency graphs on Fig. 21, which are very dissimilar except for the two 65 m samples,
and on Fig. 22 which shows the mean grain size. The coarsest samples were taken at 75
m, but the finest material was collected at 35 m. In all samples but the ones from 35 and
45 m is about half of the sample or more coarser than -1 ¢ (2 mm), which classifies as
gravel (mean grain size >-1 ¢).

Large difference is also seen in the sorting values of the samples, which range from -1.0
@10 2.0 ¢ Sorting is least in the two samples from 55 m and the coarse sample from 75
m. Skewness is symmetrical (-0.43—0.43) in four samples, but is positively (fine)
skewed in the poorly sorted samples from 55 and 75 m and negatively (coarse) skewed
in the fine sample from 35 m.

3.3 Comparison of suspended and bedload transport

The bedload and suspended sediment samples were only obtained during the same day
in August; a day passed between the sampling in the other three campaigns. However,
the discharge did not change substantially between the sampling days in September and
October so bedload and suspended transport was compared for samples/sampling sets in
August, September, and October. The difference in discharge was too great between
sampling days in March to justify such comparison. Figure 23 shows the percentage of
bedload/suspended transport of the total sediment transport. However, these results
show only a momentary idea of the sediment distribution given the error within both
measurements and the fact that the sample types were taken during separate days. Based
on these three sample pairs the bedload transport at Krokur was from 4 to 8% of the
total sediment transport.

Bedload 2004-08-05 08:20-09:20 Bedload 2004-09-21 16:05-17:11 Bedload 2004-10-12 09:35-19:15

Susp. sed. 2004-08-05 09:35 Be‘:'o‘/’ad? Susp. sed. 2004-09-22 08:46 Bedload; Susp. sed. 2004-10-13 10:30 Bedload;
o 8% 6%

Susp.; Susp.; Susp.;
96% 92% 94%

Figure 23: Comparison of suspended sediment tranport with bedload transport in three
campaigns at Pjorsa, Krokur in 2004.
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4 CONCLUSIONS

This report describes the results gathered during the fourth year of the extensive
sediment sampling program initiated in 2001 at Krokur and Urridafoss in the lower
reaches of Pjorsa, as well as results from grain size analysis of samples taken as a part
of chemical sampling campaign at Urridafoss.

The execution of the campaigns in 2004 was similar as in 2003, including five sediment
campaigns where suspended sediment samples were taken at three locations: 1) the
motorized cableway at Krokur; 2) from the Urridafoss cableway; and 3) with a handheld
sediment sampler from the river bank beneath the old Highway 1 bridge. Bedload
samples were taken at Krokur in all but the December campaign. An addition to the
program carried out in earlier years bedload sampling was performed in September at
Sandartunga.

The main objectives of the sediment program in the lower reaches of Pjorsa can be
classified into two main categories. Firstly, the campaigns were carried out to obtain
additional suspended sediment samples in the lower Pjorsa region at variable discharge
and to compare suspended samples from Urridafoss and Krokur. Secondly, the project
is also carried out to evaluate the bedload transport in lower Pjorsé, and in this year to
also compare the difference in bedload transport between Krokur and Sandartunga. In
the following chapters the main results from the analysis of suspended and bedload
sediment samples are summarized.

4.1 Suspended samples from lower Pjorsa

Twelve suspended samples were taken with a handheld rod-sampler from the river bank
beneath the bridge on Highway 1 (Urridafoss S3 samples), four samples (Urridafoss S1
samples) were taken with the normal suspended sediment sampler (S49) from the
cableway downstream of the bridge with a hydraulic winch, and five suspended
sediment samples were obtained with a S49 sampler from the Krokur electric cableway
(Krokur S1 samples).

The discharge during the time of suspended sediment sampling ranged greatly, or from
about 240 to over 900 m’/s, with the reatest difference observed between the Urridafoss
S3 samples. In this report the discharge at the Pjorsartin gauge (vhm 30/V320) is used
unmodified for samples taken at all three locations although the three sampling
locations are located at different distances away from the bjérsartin gauge.

4.1.1 Urrioafoss S3 samples

The total sediment concentration in the Urridafoss S3 samples varied from 25 to 1341
mg/l; however, the high concentration in the late October sample is significantly higher
than the second-highest concentration of 137 mg/l in a sample taken in the March flood
at 914 m’/s. The high total concentration is mainly caused by abnormally high sandur
(>0.2 mm) percentage (90%). This high sandur percentage may possibly be explained
by the low discharge during the time of sampling (243 m’/s) causing the handheld rod-
sampler to reach closer to the river bottom than normal (Fig. 4; Table 4).
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Some seasonal changes are seen in the grain size distribution of the S3 samples with
increased percentage of the leir (<0.002 mm) grain size (44-54%) in the August and
September samples coinciding to the glacier melting season. In contrast, the percentage
of the sandur and grofmor (0.06—0.2 mm) grain size classes are highest in the winter
samples as has been evident in recent years. As with other suspended samples, it must
though be emphasized that due to the closed array nature of percentage data which is the
basis of the grain size classification shown here, one grain size group is bound to
increase when another decreases.

4.1.2 Urridafoss S1 samples

Only four samples were obtained from the old Urridafoss cableway as the trail to the
site was not passable during the March flood. The total sediment concentration ranged
from 65 to 423 mg/l in the samples, of which the sandur grain size has the greatest
concentration, about 45 to 389 mg/1 (Fig. 5; Table 5). The October sample does though
include abnormally high sandur percentage (92%) which causes the total sediment
concentration to be relatively high compared to samples taken at similar or higher
discharge. The fraction of fine material in these S1 Urridafoss samples is, as with the S3
samples, higher in the August and September samples than the winter samples.

4.1.3 Krokur S1 samples

Suspended sediment samples were obtained from the Krokur cableway in all five
sediment campaign. The individual sample bottles were taken at 40, 50, 60, 65, 70, 80,
and 140 m and combined before analysis. The total sediment concentration of these five
samples ranged from 57 mg/l during the December campaign (Q=275 m’/s) to 158 mg/I
in the August campaign (Q=455 m’/s) (Fig. 6; Table 6). As in samples from the other
two locations, the concentration of the fine material leir and méla (0.002—0.02 mm) is
highest in the August and September samples; however, the seasonal difference is not as
pronounced as at Urridafoss.

4.1.4 Comparison between suspended samples from three locations

Similar comparison was carried out for the three individual sample types as in 2003
(Jorunn Hardardottir and Svava Bjork Porlaksdottir 2004) to better evaluate the
difference between the sample types. The comparison was done both for the percentage
and the concentration results; however, in contrast to what was done for the 2003
samples, in this report we show the concentration results instead of percentage results.

Table 10 shows the comparison of the sediment concentration in each campaign for the
discharge, total and dissolved sediment, the five individual grain size classes, and the
size comparison of the largest particle in each sample. In each campaign, the samples
were taken in the order of flow direction (Fig. 1), i.e. first the sample was taken at
Krokur (K-S1), then beneath the old bridge on Highway 1 (U-S3), and last at the
cableway at Urridafoss (U-S1). Even though the sampling equipment was put up at each
location prior to sampling (except in the March campaign when it was not possible to
reach the lowermost location), it usually took three to four hours to get the three
samples.
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The discharge at bjérsartun is used for each sample although the water level gauge is
located between the Krokur and Urridafoss sites. No correction is made for the time it
takes the river to flow between the sampling site and the gauge. The greatest difference
in discharge between the three samples in each campaign was in September when the
discharge at the Krokur sampling was 8% higher than when the S1 sample from the
Urridafoss cableway was taken. In all other samples the difference was 5% or less, with
the Krokur discharge being highest in all instances but one.

Table 10: Comparison of grain size results (concentration in mg/l) from suspended
sediment samples from Krokur (K-S1) and the two types of Urridafoss samples (U-S1
from the old cableway and U-S3 from beneath the old Highway 1 bridge).

Sample name Discharge Sediment Dissolved Sandur mg/l Gréfmoér mg/l  Finmor mg/l Méla mg/1 Leir mg/l  Larg. part. Sample
Time (m’/s) (mg/1) (mg/l)  (>0.2 mm) (0.06-0.2 mm) (0.02—-0.06 mm) (0.002—0.02 mm) (<0.002 mm) (mm) type

K-S12004-03-12 15:15 659 92 39 17 18 6 42 8 17 K-S1
U-S12004-03-12 16:30 654 56 40 9 15 2 26 3 9 U-S3

U. bridge/Krdkur 0.9 0.60 1.04 0.94 1.35 0.57 1.02 0.56 0.77
K-S12004-09-22 08:46 330 120 55 52 2 2 26 37 52 K-S1
U-S3 2004-09-22 10:15 313 67 58 6 2 3 23 33 6 U-S3
U-S12004-09-22 11:15 304 121 65 52 2 4 24 39 52 U-S1

U. bridge/Krokur — 0.95 0.56 1.05 0.21 1.50 2.00 1.59 1.58 0.36

U. cableway/Krokur — 0.92 1.01 1.18 1.00 1.00 1.50 0.91 1.03 1.20
K-S12004-10-13 10:30 338 116 46 59 3 5 22 27 59 K-S1
U-S32004-10-13 12:15 329 66 46 26 1 1 17 22 26 U-S3
U-S12004-10-13 14:10 321 423 75 389 8 8 8 8 389 U-S1

U. bridge/Krékur — 0.97 0.57 1.00 0.76 0.67 0.25 1.32 1.43 1.73

U. cableway/Krékur — 0.95 3.65 1.63 1.80 0.67 0.50 0.11 0.09 1.33

To better visualize the results, the ratios for the Urridafoss bridge/Krokur (U-S3/K-S1)
and the Urridafoss cableway/Krokur (U-S1/K-S1) samples are compared with discharge
in Fig. 24. All the S3 samples from Urridafoss (U-S3) have lower concentration of total
suspended sediment, sandur (>0.2 mm), and méla (0.002—-0.02 mm), as well as lower
concentration in four out of five samples in the grofmor (0.06-0.2 mm), finmor (0.02—
0.06 mm), and /eir (<0.002 mm) grain size classes. In contrast, the samples taken from
the Urridafoss cableway (U-S1) have higher concentration than the Krokur samples of
total sediment, sandur, and finmor in all four sample pairs, whereas in three pairs the U-
S1 samples had lower concentration of meéla and leir (Fig. 24).
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Figure 24: Sediment ratio of total concentration and individual grain size classes (in

mg/l) between Krokur samples (K-S1) and the two different types of Urridafoss samples
(U-S1 and U-S3). The U-S1/K-S1 ratio is indicated with black squares and U-S3/K-S1
ratio is shown with orange triangles. The discharge value used is the one for the Krokur
sample.

These results are similar to what was observed in 2003 with similar sediment pairs
(Jorunn Hardardottir og Svava Bjork Porlaksdéttir 2004) and indicate that the S3
Urridafoss samples under-represent the sediment discharge compared to the Krokur
samples, whereas the Krokur samples under-represent the sediment discharge compared
to the S1 Urridafoss samples.
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The reason for the low concentration in the Urridafoss S3 samples is mainly due to the
different sampling technique as it is not possible to reach the main current where most
of the sediment is transported with the handheld DH48 rod sampler that is used to
collect the S3 samples from below the bridge on Highway 1.

The higher concentration of coarse material in the Urridafoss S1 samples than in the
Krokur samples (K-S1) has more to do with the local current conditions than the
sampling technique, as there is no fundamental difference is between sampling from the
electric cableway at Krokur and the Urridafoss cableway with the hydraulic winch. No
direct comparison is available of the current conditions below the two cableways;
however, the current speed is visually greater at Urridafoss, so larger grains may be
transported higher in the water column where the S49 suspended sediment sampler can
collect them.

Figure 25 shows the suspended sediment concentration and transport against discharge
in the samples taken in 2004 at the three locations in lower Pjorsa. For comparison the
same values for S3 Urridafoss samples taken in 2001 to 2003 are shown as well as the
S1 samples from Urridafoss and Krokur from 2003.

The concentration of the samples taken in the winterflood in March is much lower than
expected given the high discharge of about 650 m’/s; however, the lack of sediment-
laden glacial meltwater in that season is probably liable for the low concentration. The
reason for the high concentration in the S1 Urridafoss sample from October is unclear,
but that and the low concentration March samples weaken the correlation between the
concentration/sediment transport and discharge for the individual sample types.

Figure 25 shows like the data in Table 10 and Fig. 24 how the S1 samples from
Urridafoss have the highest concentration and thus the highest sediment transport of the
three sample types in each campaign, while the S3 Urridafoss have the lowest
concentration.
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each campaign to ease comparison of sample types in each sediment campaign.
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4.2 Bedload studies

The bedload sampling within the detailed sediment study initiated in 2001 of the lower
reaches of Pjorsé are the first such studies since several bedload sampling series were
carried out at Hreysiskvisl, Soleyjarh6foi, and Sandartunga (Fig. 1) in the 1980's
(Haukur Témasson et al. 1996, Svanur Palsson 2000). Only the Sandartunga site is
located downstream of the main hydropower developments on the river and is
approximately the same site as was sampled in 2004.

In this report we show results from bedload sampling at two sites, i.e. from the electric
cableway at Krokur and from Sandértunga (Figs. 1 and 3) using a specially equipped
boat. The latter site is similar in location as the sampling that was carried out in 1982. In
2004, the bedload campaigns were carried out at Krokur in March, August, September,
and October, whereas samples were only taken from Sandartunga in September. During
the Krokur campaigns samples were taken at seven locations i.e. from 40, 50, 60, 65,
70, 80, and 140 m distance from the house on the left (eastern) bank of the river.
Moreover, several samples were taken at 105, 125, 155, and 180 m for comparison with
samples taken at 140 m. At Sandartunga, samples were taken at 11 locations across the
river channel, but only two series were sampled.

In 2004, the results from each campaign were divided into smaller data sets (up to eight
sets) based on the day the samples were taken and discharge changes during the
sampling period. Bedload transport differs greatly between stations although it is
different from one data set to another at which station most of bedload is transported.
On average most of the bedload at Krdkur is transported between 50 and 70 m (Fig. 26);
however, bedload distribution differs somewhat during the March flood campaign
where more bedload is transported closer to the river banks at 40 and 140 m than in
other campaigns.
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Figure 26: Comparison of bedload transport "at-a-point” with discharge in all samples
taken at Krokur in 2004. Samples from same stations have the same color code. Power
trend lines for samples at each station and their correlation coefficient (R°) are also
shown.
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The increased bedload transport closer to the river banks at Krokur in the March flood
(mean Q from 787 to 956 m’/s) is manifested by a relatively high correlation coefficient
(R’=0.59 to 0.81) for the 40, 80, 105, and 140 m stations compared to transport at the
stations within the center of the channel, which show no correlation with discharge. The
absent correlation of bedload transport with discharge in the center channel also
illustrates the great transport variability at the 50 to 70 m stations, of which most
bedload is transported at 65 and 70 m.

The bedload transport at Sandartunga was concentrated at 55, 65, and 75 m on the
gentler margin of the river channel, just right (north) off the deepest part of the river
(Fig. 14). Hardly any bedload was transported at other stations during the sampling
which was carried out at discharge around 350 m?/s, based on data from bjorsartun with
14 hour lag-time.

Total bedload transport was calculated for 19 data sets for the Krdokur results and
differed substantially among the sets, from 1.4 to 66.5 kg/s (Fig. 13). By far the greatest
transport was calculated for the last data set on 2004-03-11, 66.5 kg/s, which is over
double the transport observed within the data sets earlier the same day. Although it is
likely that bedload was highest within this last data set when discharge reached over
950 m’/s, the calculations may overestimate the total bedload. This is because of
exceptionally high transport at 140 m, which is then integrated for a large part of the
river channel where no data is available to either confirm or refute such high bedload
transport.

Total bedload transport was lowest in Krokur data sets from August (1.4-3.3 kg/s) and
October (2.2-3.5 kg/s) although the discharge during the August campaign was much
higher (408-461 m’/s) than in October (327-337 m’/s). Such seasonal difference in
bedload has been observed in previous years where bedload transport appears to be
higher during the winter months than in the midst of summer when suspended sediment
transport is greater.

At Sandartunga, the total bedload transport was only 0.4 and 0.7 kg/s which was more
than an order of magnitude less than at Krokur in the September campaign (3.4 to 12.4
kg/s). These numbers are low compared to the earlier studies of bedload transport at
Sandartunga in September 1982 when bedload transport was 6.4 kg/s at 140 m’/s. The
conditions during the 1982 measurement were, however, poor, which was thought to
affect the accuracy of the measurement. The difference in bedload transport measured
twenty-two years apart is probably due to long-term channel adjustments, causing more
stable channel in the source area of the bedload sediment below Burfell.

The large difference between roughly coinciding measurements at Sandartunga and
Kroékur supports the common idea that bedload in the lower reaches of Pjorsa is today
predominately derived from the braided sandur channel system downstream of the
Amnes island. However, more information on bedload transport is needed before the
difference between Krokur and Sandartunga is assessed in detail, or the origin of the
bedload asserted. More data on bedload transport at Sandartunga during normal and
high discharge with comparison with results from Krokur is especially needed.

Bedload samples were collected for grain size analysis from both Krékur (seven or eight
samples in each campaign) and Sandartunga (total seven samples). Figure 27 shows
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how the mean grain size of the Krékur samples from each station varies with discharge
and mean bedload transport at each station. No distinct correlation was observed
between mean grain size and discharge although the same Fig. shows that the finest
samples were usually taken at 140 m, and the samples from 60 m were often relatively
fine grained (>0.5 ¢; i.e. >0.71 mm or coarse sand). The mean grain size of most of the
65 and 70 m samples was rather coarse (Fig. 27), and two of the 50-m-samples had
mean grain size coarser than -1.0 ¢ (2 mm or granules).
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For the analyzed samples from all stations there appears to be a trend towards coarser
samples with greater bedload transport at each station (Fig. 27 lower). However, the
same trend is not as distinct for the individual stations. Nevertheless, samples from 40,
60, 70, and 140 m seem to be coarser within the data sets with greater mean transport,
although occasional samples do not conform with the rest of the samples.

Figure 28 shows the same information as Fig. 20 with the results from Sandartunga
added. The mean grain size of most of the Sandartunga samples is greater than most
part of the Krokur samples, with five of seven samples coarser than -1.0 ¢, i.e. >2mm.
More detailed textural classification of the samples is given in Table 9.

The coarsest Sandartunga samples are also the least sorted samples, but all but two
Sandartunga samples follow the main trend of finer samples being better sorted (Fig.
28A). Similarly, the coarse Sandartunga samples have relatively positive (fine)
skewness, indicating that they have a tail of excess fine particles, or have close to
symmetrical distribution (skewness between 0.43—0.43). As with the sorting parameter,
the Sandartunga samples extend the earlier recognized trend of finer sampler having
more negatively (coarse) skewed distribution. Hence, a decent correlation is observed
for the whole data set from Krokur and Sandartunga between mean grain size and
sorting (R?=0.52) and mean grain size and skewness (R’=0.62) as in 2003 (Jérunn
Hardardéttir and Svava Bjork borlaksdottir 2004). Finer grained samples tend thus to be
better sorted and more negatively (coarser) skewed than coarser samples.

As discussed in the previous report on sediment results from lower reaches of Pjorsa
(Jorunn Hardardottir and Svava Bjork Porlaksdottir 2004), bedload studies of this type
will always inherit some limitations. Such point studies will always be a compromise
between time/money spent on studies of the river and the accepted error in the
measurements. Error in bedload studies can be lowered by increasing the number of
samples, or to make continuous recording of bedload transport, e.g. by collecting
bedload in sediment trenches (impossible at this site), or sound recording, which then
needs to be calibrated inheriting the same problems as within the point sampling. To
accommodate both cost efficiency and reasonable error in the measurements, we have
designed the sampling program so that most of the samples are taken from the channel
where most of the bedload is transported with fewer sampling stations closer to the right
(west) bank (80-200 m). These are the stations where least bedload is transported in
most cases, most time consuming in sampling, and are thus most expensive per sample.
Occasional samples are then collected on this wide stretch to validate the assumption
that the transport is small.

As in previous reports we do not give an error estimate of the bedload transport because
even though it is possible to evaluate to some extent the precision of the individual
measurements we are still hesitant to give the accuracy of the bedload calculations. Not
only is there error included in the measurements themselves, but the results also rely
significantly on the division of the data set into discharge ranges and how additional
information on transport in wide channel stretches such as around 140 m is handled.
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5 FUTURE WORK

This report presents the results from the fourth year of detailed sediment sampling in the
lower reaches of Pjorsa. The initiative was originally designed as a five year program,
with greatest number of campaigns during the first year, but reduced campaign number
in subsequent years. During these years, much better information has become available
on the suspended sediment transport in the lowermost reaches of Pjorsa, as well as the
distribution of the suspended sediment within the channel. These studies have also
concentrated on the difference between sample types, which will be informative for
evaluation of the older suspended samples taken at this location. Furthermore, bedload
samples have been obtained in these total sediment campaigns, which together with the
numerous suspended samples have added substantially to our knowledge of sediment
transport in the region. These data will mostly benefit the National Power Company as
information for possible future construction of the Urridafoss hydropower facility, in
addition to be fundamental information on the environmental conditions of the lower
reaches of bjorsa.

The main change between the setup in 2004 and the year before was the extra sampling
at Sandartunga in 2004, where bedload samples had been taken once before in 1982
(Haukur Toémasson et al. 1996; Svanur Palsson 2000). The information on bedload
transport at Sandartunga will benefit the assessment of environmental as well as
constructional questions that may appear during evaluation of the upper hydropower
designs that have been suggested at Nupur, Hagi, and Skardsfjall. A better
understanding of the amount of bedload transport at different discharge levels, as well
as the source of such material, is important for future references. The ideal sampling
design would include sampling campaigns at both the upper location at Sandartunga and
the lower region at Krokur, and to also get an idea of the difference between the sites,
which to some extent can indicate the main source areas for bedload material.

A new discharge rating curve was established in early 2005 for V320 at bjorsartan so
the discharge used for the 2004 data has been updated accordingly, as well as the
discharge for older suspended samples represented in this report. The discharge for the
lowermost part of bjorsa is thus well documented. No other water level gauge is located
between Sandafell (vhm97; V297) and the gauge at Pjorsartun, although discharge
through the Burfell hydropower plant is estimated. Construction of a water gauge below
Burfell but above the proposed hydroelectric facilities would increase the accuracy of
discharge estimates in this critical location, as well as being a basis for concurrent
discharge approximation for sediment samples from Sandartunga.

Furthermore, it is soon time to collectively summarize in one report the main results
from the sediment program initiated in 2001. Such a report would make ensure that all
data is updated with newest information on discharge, and if any, additional information
on the best division of the data series. Moreover, it would be useful to include the
results from all older samples taken at Urridafoss and compare the sediment transport
based on the newer samples with the samples taken 30 years ago.
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SUMMARY IN ICELANDIC

[ tengslum vid endurvaktar hugmyndir um byggingu vatnsaflsvirkjana 4 nedri hluta
bjorsarsvaedisins setti Landsvirkjun af stad umfangsmiklar rannsoknir 4 heildaraurburdi
a svedinu og hafa Vatnamalingar Orkustofnunar sé0 um framkvaemd beirra. Forsenda
verkefnisins var uppsetning rafdrifins klafs sem settur var upp vid Krok arid 2001. A
fyrsta arinu var farid 1 10 aurburdarferdir 4 svadid ad Kroki og Urridafossi, ari sidar
voru ferdirnar sex, arid 2003 var farid 1 fimm ferdir og i pessari skyrslu er fjallad um
nidurstodur fimm aurburdarferda sem farid var i arid 2004. A sama tima hefur verid i
gangi rannsoknarverkefni um efnavoktun i am & Sudurlandi, en auk Vatnamalinga
standa Landsvirkjun, Jardvisindastofnun Haéskolans (4dur Raunvisindastofnun
haskolans), og Hollustuvernd, na Umhverfisstofnun, ad pvi verkefni. Nidurstodur pess
verkefnis sem snda ad aurburdarmalingum i nedri hluta Pjorsa eru einnig settar fram i
pessari skyrslu.

Meginmarkmid itarlegu aurburdarferdanna & nedri hluta bjorsarsvaedisins er ad afla
gborar vitneskju um heildarframburd Nedri-bjorsar en slik pekking er naudsynleg allri
uttekt & virkjunarkostum, badi hvad vidkemur honnun og umhverfismati virkjana &
svaedinu. Annars vegar er um ad raeda ad afla betri vitneskju um framburd svifaurs, en
til pess hefur purft ad safna syrpu af betri svifaurssynum en tekin hafa verid 4 sidustu
arum og er pad gert med pvi ad taka synin af rafdrifna kldfnum vid Krok. Naudsynlegt
er po ad bera pau syni saman vid eldri syni og er peim upplysingum safnad med pvi ad
taka einnig syni med handsynataka undir gémlu brunni 4 pjodvegi 1 og med
vokvadrifnu klafspili 4 eldri strengjabraut um 500 m nedan vid gémlu brina. Pannig er
hagt ad meta betur gedi gomlu handsynanna sem og syna sem tekin voru frd géomlu
strengjabrautinni. Med rannséknum 4 svifaurssynum hefur einnig verid reynt ad meta
hversu framburdur svifaurs er breytilegur innan sjalfs farvegarins. Hins vegar hafa
rannsoknir verid gerdar til ad afla vitneskju um skridaursflutning i Neori-Pjorsa, en
adeins var til ein synatdkusyrpa ur anni nedan vid Burfell 40ur en byrjad var ad taka
skridaurssyni vid Krok (Haukur Tomasson o.fl. 1996; Svanur Palsson 2000).

Arid 2004 var farid i fjorar hefdbundnar svif- og skridaursferdir ad Pjorsa og eina
svifaurssynaferd. I 6llum ferdum sem mogulegt var voru svifaurssyni tekin vid Krok,
undir bru & gamla pjédvegi 1 og a4 gomlu strengjabrautinni ofan vid Urridafoss, og i
hefdbundnu heildarferdunum voru einnig tekin skridaurssyni af klafnum vid Krok. bad
sem var nytt petta arid midad vid fyrri ar var ad einnig voru tekin skridaurssyni vid
Sandartungu i landi Asélfsstada til ad skoda betur flutning skridaurs inn i 16n sem buid
verdur til ef af byggingu Nupsvirkjunar (og/eda Haga-/Skardsvirkjunar) verdur. Til
vidbotar var sjo svifaurssynum safnad i tengslum vid efnavoktun & Sudurlandi. |
skyrslunni eru settar fram nidurstodur svifaurs- og skridaursmelinga fra hverjum stad
fyrir sig 40ur en svifaursmalingar eru bornar saman 4 milli stada, og 4 milli
aurburdartegunda (svifaur—skridaur).

Eins og fyrri ar sast arstidamunur i kornasteerd og svifaursstyrk i svokolludum S3-
synum sem tekin voru med handsynataka undir gdmlu brinni vid pjédveg 1. Pannig var
hlutfall grofu svifaursflokkanna herra um vetartimann en hlutfall fingerda svifaursins
harra yfir sumarid. Petta aukna hlutfall finefna yfir sumartimann tengist jokulleysingu
yfir adalsumarmanudina og fram 4 haust. Hafa parf p6 1 huga ad kornastaerdargdgnin eru
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hundradshlutagégn pannig ad ef hlutfall eins kornasterdarflokks eykst laekkar hlutfall
annars. bPvi er naudsynlegt ad skoda saman badi styrk hvers flokks og hundradshluta
hans.

Styrkur finefna var einnig mestur i synum sem tekin voru i 4glst og september med
vokvadrifnu spili af gamla klafnum nedan vid gamla pjodveg 1. Veantanlega er
jokulleysing einnig astedan fyrir pessum herri styrk finefna i pessum haustsynum.
Hins vegar var styrkur sands (>0,2 mm) 6edlilega har i syni sem tekid var i oktober, en
engin einhlyt skyring er augljos fyrir pessum haa styrk.

bridja svifaurssynategundin var tekin af rafdrifna klafnum vio Krék i 40, 50, 60, 65, 70
80 og 140 m fr4 husi 4 vinstri (austari) bakka arinnar. Einnig par ma sja arstidabundinn
mun i kornasterd p6 ad hann sé ekki jafn dberandi og i hinum synagerdunum.

Ahugaverdast er ad bera saman heildarstyrk og styrk einstakra synategunda milli
pessara priggja synagerda i svifaurspérunum sem tekin voru. Greinilegur munur er a
synategundunum og syna nidurstodurnar fra arinu 2004 ad S3 handsynin sem tekin eru
undir gdmlu brinni vanmeta svifaursstyrk S1-synanna sem tekin eru af klafunum
tveimur, baedi hvad vardar heildarsvifaur og styrk einstakra kornastarda. Lagri styrkur i
handsynunum er ad mestu leyti til kominn vegna adstedna vid synatokuna, en med
handsynatakanum er ekki hagt ad na nidur nidur undir botn i mesta straumi par sem
mestur framburdur svifaurs er eins og gert er pegar hin synin eru tekin. Heildarstyrkur
synanna sem tekin voru med vokvadrifnu spili af gamla klafnum vido Urridafoss er hins
vegar heldur herri en Krokssynanna, sem og styrkur grofari kornasterdarflokkanna
(finmoér, grofmoér og sandur (kornasterd >0,02 mm)). Pessi munur stafar ad 6llum
likindum af mismunandi straumadstedum 4 synatokustddunum en straumur virdist vera
toluvert meiri undir gamla Urridafossklafnum en nyja Kroksklafnum po ad hann hafi
ekki verid borinn saman med beinum melingum. Pannig geta fleiri og staerri setkorn
flust heerra 1 vatnsbolnum vid Urridafoss en vid Krok sem passar agaetlega vid
mismunandi styrk svifaurs milli stadanna. Enn er ekki buid ad endurmeta eldri syni
midad vid pessar nidurstodur enda hefur hingad til verio talid naudsynlegt ad afla fyrst
frekari gagna til slikrar endurskodunar. Lagt hefur verid til ad slik endurskodun verdi
gerd i samantektarskyrslu um malingar sidustu ara.

Fylgni svifaursstyrks og svifaursframburdar vid rennsli er ekki aberandi i synum arsins
2004. Adalastedan er ad 6llum likindum st ad synasyrpunar fimm voru teknar vid mjog
mismunandi adstedur, t.d. hvad vardar timasetningu innan arsins. Pannig voru tekin
vetrarsyni 1 mars, oktober og desember, en af peim voru marssynin tekin i miklum
rigningarflodum sem ekki virdast hafa skilad miklum aurburdi ut i ana po ad rennslid
hafi aukist mikid. Hins vegar minnkar fylgnin verulega vegna einstakra syna sem hafa
hlutfallslega mun herri sandstyrk en sambarileg syni, og ma par nefna S1 syni fra
Urridafossi sem tekid var 13. oktober og S3 handsyni sem tekid var i tengslum vid
efnasynatoku tepum tveimur vikum sidar.

Arid 2004 voru 317 skridaurssyni tekin af rafdrifna klafnum vid Krok og voru synin
tekin 4 sdmu st6dum og svifaurssynin. Til vidbdtar voru tekin aukasyni milli 80 og 200
m til ad meta hversu demigerd synin frd 140 m stédinni voru fyrir pann hluta
farvegarins. [ hverri ferd var synum safnad af flestum stodvum il
kornasterdargreiningar 4 aurburdarstofu Vatnamalinga, alls 29 synum.
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Skridaursframburdur vid Krok var reiknadur ut fyrir einstok rennslisbil i hverri ferd
fyrir sig og var hann yfirleitt mestur 4 bilinu 50 til 70 m, og mun minni & 40, 80 og 140
m, ef fra eru talin nokkur rennslisbil innan marsfl6dsins pegar skridaursframburdur
barst fram mun naer bokkum 4rinnar en i 60rum ferdum. Pessi aukni framburdur a
stodvum neaer bokkunum vid hatt rennsli veldur mun heerri fylgni skridaurstlutnings fyrir
peer stédvar (R*=0,59-0,81) en stédvarnar i midjum farveginum (50-70 m) par sem
fylgni skridaursframburdar einstakra syna vid rennsli var litil eda engin (R*=0,03-0,27).

Heildarframburdur skridaurs var reiknadur Ut fyrir 19 rennslisbil og var hann mjog
misjafn, eda fra 1,4 til 66,5 kg/s. Par var langmestur framburdur i synatokusyrpunni sem
tekin var sidla dags pann 11. mars, pegar medalrennsli innan synatokunnar nddi um 950
m’/s. Innan pessa rennslisbils barst sérstaklega mikill skridaur fram 4 140 m en vid
utreikninga & heildarsvifaur voru paer tolur framreiknadar fyrir storan hluta farvegarins.
bar sem ekki voru tekin synis samtimis til ad stadfesta pennan mikla framburd skridaurs
innan alls breiddarbilsins i kringum 140 m er talid rétt ad telja 66,5 kg/s algera
hamarkstolu  fyrir  skridaursflutning innan rennslisbilsins. Aberandi er ad
heildarframburdur skridaurs var minnstur i byrjun agusts (1,4-3,3 kg/s) pratt fyrir ad
rennsli hafi verid nasthast { peirri ferd, eda i kringum 450 m’/s. Mdgulegt er ad
skridaur hafi ndd ad skolast ut Gr farveginum i stuttum fl6otoppi sem nadi hamarki
nokkrum dégum adur en synin voru tekin, og pvi hafi framburdur skridaurs melst minni
en i ferdum i september og oktober pegar rennsli var milli ramlega 300 og 400 m’/s.

Mikil munur sést i kornasteerd skridaurssynanna sem tekin voru vid Krok, baodi milli
stodva 1 hverri ferd fyrir sig og milli sému stodva i mismunandi ferdum. P6 ma sja
akveOna sameiginlega petti, t.d. ad synin sem tekin voru af 80 og 140 m voru oftast
fingerdust 4 medan grofustu synin i hverri ferd voru yfirleitt tekin 4 50, 65 eda 70 m.
Synin sem tekin voru i september voru aberandi fingerdust og var medalsterd allra
synanna nema eins innan vid 0,5 4, eda <0,71 mm (grofur sandur). Synin sem tekin
voru i mars og 4gust voru hins vegar grofust, en medalstaerd priggja marssyna var >-1,0
@, eda >2 mm.

Grofleiki synanna jokst ekki aberandi mikid med auknu rennsli p6 ad synin sem tekin
voru 1 marsfl6dinu hafi verid heldur grofari en syni sem tekin voru vid minna rennsli.
Somuleidis sést ekki aberandi fylgni fyrir syni af hverri st6d fyrir sig med
medalframburdi skridaurs & hverri stod. Hins vegar jokst kornasterd greinilega med
medalframburdi skridaurs & hverri st60 ef 611 synin voru skodud saman.

begar adrir afleiddir kornastaerdareiginleikar s.s. adgreining og skakki eru bornir saman
sést ad fingerdari syni eru heldur betur adgreind en gréfari synin og ad skakki fingerdu
synanna er neikvaedari en gréfu synanna.

Vid Sandartungu voru 22 skridaurssyni tekin af sérutbunum bati i september og par af
voru sjo syni kornasterdargreind. Heildarframburdur skridaurs var reiknadur fyrir hvora
synatokusyrpu fyrir sig og reiknadist hann vera 0,4 og 0,7 kg/s sem er meira en
steerdargradu minni en framburdur vid Krok. Hegt er ad bera framburd vid Sandartungu
saman vid melingar sem gerdar voru vid 140 m’/s rennsli 4rid 1982, en pa reiknadist
heildarframburdur skridaurs vera 6,4 kg/s. Su maling var hins vegar gerd vid mjog
erfidar adstedur og var talid ad skekkjumdrk hennar veru sérstaklega vid. Reikna ma
p6 med pvi ad skridaursframburdur hafi verid heldur meiri pa en nt enda liklegt ad
farvegurinn nedan vid Burfellsvirkjun hafi n4d mun betra jafnvaegi nt en fyrir 22 drum.
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Fleiri meaelingar parf hins vegar ad gera vid Sandartungu til ad meta framburd skridaurs
nakvamar.

Synin fr4 Sandartungu eru flest grofari en synin sem tekin voru vid Krok og er
medalsterd flestra peirra >-1,0 ¢, eda >2 mm. Grofustu synin fra Sandartungu eru
einnig verst adgreindu synin og hafa jakvaedastan skakka.

A0 lokum var hlutfall svifaurs- og skridaursflutnings i premur synaporum fra Kroki
borid saman til ad meta hlutfall hvorrar setgerdar af heildaraurburdi. Eingdéngu er um
stakar maelingar ad reeda og par ad auki voru synapdrin adeins tekin samtimis i einu pari
p6 ad rennsli hafi verid svipad i peim premur pdrum sem voru skodud. Ef midad er vid
pessi prji por var skridaursframburdur um 4 til 8% af heildaraurburdi vid Krok.

begar 4 heildina er litid gekk aurburdarsynataka i Nedri Pjorsa vel arid 2004 og baetast
fjolmorg syni vid gagnagrunn svifaur- og skridaursmalinga 4 svaedinu. Hafa ber 1 huga
a0 toluverd ovissa er fyrir hendi i slikum malingum sem erfitt getur verid ad meta, pa
sér 1 lagi 1 skridaursmelingum.

Eftir aurburdarrannsoknir arsins 2004 & Nedra Pjorsarsvadinu hefur verid sett fram
kostnadardetlun um framhaldsmealingar 4 svadinu par sem lagt er til ad
aurburdarmalingar verdi framkvamdar badi vid Krok og Sandartungu. Pannig fengist
badi samanburdur milli svedanna sem og upplysingar um aurburd inn i efri [6nin sem
fyrirhugud eru i honnun Nups-/Skards-/Hagavirkjana. Einnig er talid timabaert eftir
melingar arsins 2005, ad setja fram 1 einni skyrslu paer upplysingar sem safnast hafa um
aurburd 4 Nedra-Pjorsarsvaedinu 1 pessu itarlega aurburdarverkefni sem byrjadi arid
2001. I peirri skyrslu veeri einnig timabzrt ad bera saman gdgn sidustu ara vid eldri
svifaurssynagogn fra Urridafossi.
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