orkusTornun M

Vatnamaelingar - Hydrological Service

Total sediment transport
in the lower reaches of
river Pjorsa

Results from the year 2003

Jorunn Hardardottir
Svava Bjork borlaksdéttir

Unnid fyrir Landsvirkjun

— |







— ORKUSTOFNUN . Report
Hydrological Service Project no.: 7-546842

Jorunn Hardardottir
Svava Bjork borlaksdéttir

Total sediment transport in the
lower reaches of river bjorsa

Results from the year 2003

Prepared for Landsvirkjun

0S-2004/011 June 2004

ORKUSTOFNUN — HYDROLOGICAL SERVICE

Address: Grensasvegur 9, Reykjavik, IS-108 — Tel.: 569 6000 — Fax: 568 8896
E-mail: vimm@os.is — Webpage: http://www.os.is/english/hydro.htmi






— ORKUSTOFNUN Key page

Hydrological Service

Report no.: Date: Distribution
0S-2004/011 June 2004 X] Open [] Closed
Report name / Main and subheadings: Number of copies:
Total sediment transport in the lower reaches of 25

river bjorsa — Results from the year 2003

Number of pages:

48
Authors: Project manager:
Jorunn Hardardottir and Svava Bjork borlaksdottir Jorunn Hardardottir

Kristinn Einarsson

Classification of report: Project no.:

Sediment load studies, bedload measurements 7-546842

Prepared for:

Landsvirkjun

Co-operators:

Abstract:

This report introduces results from a comprehensive sediment sampling program in the lower
reaches of river Pjorsa that was initiated in 2001. This year, suspended sediment samples were
taken in five sampling campaigns from cableways at Krokur and Urridafoss and from beneath the
old bridge on Highway 1. In four of these campaigns bedload samples were also obtained at
Kroékur. The main objectives of the program is to get more suspended sediment samples from the
lower reaches of Pjorsa, evaluate the older suspended samples taken at this site by taking
comparison samples, and obtain some estimation of bedload transport in lower Pjorsa. The total
concentration and grain size of suspended samples varies greatly between campaigns, but tend to
increase with discharge, especially the bridge samples. Those and the Krokur samples appear to
underestimate the concentration of total sediment and the coarsest size fraction (>0.2 mm)
compared to samples taken at the Urridafoss cableway. Bedload transport was highest at the 50 to
80 m stations and total transport was from 1.7 to 16.5 kg/ (values adjusted by extra sampling). The
bedload material was mainly medium and coarse grained sand with pebbles smaller than -5.0 ¢

Key words: ISBN-number:

bjorsa, bedload, suspended sediment, grain
size, bedload transport, discharge, cableway, - -
Kroékur, Urridafoss, bjorsartin (vhm 30) Project manager’s signature:

Reviewed by: KE




TABLE OF CONTENTS

1
2

3

4

5

INErOAUCTION cuuueeeeneiiiniiiiiiiiiieiisniecsntecsntecsneecsseessssessssseessssnessssesssasssssssssssnssssanee 7
Sampling and data analysis .......ceeeeniinninnienneeienieiieieaisieseessseses 8
2.1 Suspended sediment SAMPIES.........ccceieruiieriiieeiiie e 10
2.1.1 SAMPIE LYPES.c.eviiiiririiiriieieet et 10
2.1.2 Grain SiZ€ ANALYSIS ....eecviiiiieiieeiieiie ettt et et 10
2.2 Bedload SAMPIES......cceeeiiiiieiiieiiecie e e 11
2.2.1 Sampling ProCedUIe..........ceivuiieriiieciie et e e eaee e 11
222 Bedload calculations...........cocueeiiiiiiieiiieiiee e 12
223 Bedload grain size measurements...........c.eecueeeveenieeeiieenieenieeneeeeeeneneenne 13
RESUILS.ccciueeiiiniiiiiiiiitiiinnticnnticsinticintisssncsssiessstessssnesssssesssssessssssssssssssssssssssssanss 15
3.1 Suspended sediment SAMPIES.........cccvvieeuiieriiieeiiieeiee e 15
3.1.1 Urridafoss S3 SAMPIES ......eevveriiriiniiiiiricitceeececcseeeee e 15
3.1.2 Urridafoss cableway samples .........ccoccveeevienieeiienieniieiieeieeee e 17
3.1.3 KroKur SAmMPIEs......cc.eeeviiiiiieiieiieeie ettt 18
3.14 Comparison between suspended samples from three locations.............. 20
3.2 Bedload SAmples........coouiiiiiiiiiiee e 24
3.2.1 Bedload transSport...........eeeieeiieriieiieieeeee et 24
322 Grain size of bedload SAMPIES .........cccvevvieriiieiieiecieeeeee e 31
CONCIUSIONS .cocuviirriiineninncsnnnssenisecsssecsnssssesssesssseessnssssssssesssssssssssssssssassssessassssassne 38
4.1 Suspended samples from Urridafoss ........cccceeeereeveniiinieneniicnecneneneeeeee, 38
4.2 Suspended samples from Krokur............cccoeeviiiiiiiiiiniiiiieeceeeeeee e 39
4.3 Comparison of suspended sediment samples from Urridafoss and Krokur ... 39
4.4 Bedload StUAICS......coveiuieiiiieieeie et 40
References ......cueeeecneenseicsuensnnnsnensenssnensecsssecssessssesssecsses .44

Summary in Icelandic 46




LIST OF FIGURES

Figure 1: Map of Pjorsa river basin, including main locations along the river............... 8
Figure 2: Discharge at the Pjorsartiin water gauge (vhm 30; V320) and the timing of

sediment sampling in the lower reaches of Pjorsa in 2003...........ccccoovveiiienieeneenen. 9
Figure 3: Bedload sampling at the cableway at Krokur, Pjorsa. ..........cccoevevveeeivennnenn. 12
Figure 4: Grain size distribution in S3 samples from Urridafoss in 2003..................... 16

Figure 5: Grain size distribution in S1 samples from Urridafoss cableway in 2003..... 18
Figure 6: Grain size distribution in S1 samples from Krokur in 2003. ...........coeenenee 19

Figure 7: Sediment ratio of total concentration and individual grain size classes
between Krokur samples (K%) and the two different types of Urridafoss samples
(L0 TR SRS 22

Figure 8: Relationship between suspended sediment concentration (upper) and
suspended sediment transport (lower) vs. discharge for samples taken at Krokur

and Urridafoss in 2003, ....cc.oiiiiiiiiiieieeeeeeee et 23
Figure 9: Results from bedload measurements during 2-3 July 2003. ......................... 25
Figure 10: Results from bedload measurements during 89 August 2003. .................. 26
Figure 11: Results from bedload measurements during 2—3 September 2003.............. 27
Figure 12: Results from bedload measurements in October and November 2003........ 28

Figure 13: A. Mean bedload transport at each station at Krokur. B. Total bedload
transport between station midpoints at KroKur............cocceeveiievieniienieniieieeieee, 29

Figure 14: Total bedload transport vs. mean discharge in the 2003 sediment campaigns.
................................................................................................................................ 31

Figure 15: Cumulative grain size curve for Krokur bedload samples collected July 2. 32

Figure 16: Cumulative grain size curve for Krokur bedload samples collected August 9.

................................................................................................................................ 33
Figure 17: Cumulative grain size curves for Krokur bedload samples collected
N7 01 153101 o) SRS 33
Figure 18: Cumulative grain size curves for Krokur bedload samples collected
NOVEMDET 13 ..ottt ettt e be e st e et eenbeas 34
Figure 19: Cumulative grain size curves for Krokur bedload samples collected
NOVEMDET 19. ...ttt st ettt 34
Figure 20: Mean grain size of all sieved samples from Krokur, sampled in 2003........ 35
Figure 21: Sorting values of all sieved samples from Krokur, sampled in 2003. ......... 35
Figure 22: Skewness values of all sieved samples from Krdokur, sampled in 2003. ..... 36
Figure 23: Comparison of moment statistics values. .........ccccceevvrerieeciienieeiieenie e, 37
Figure 24: Total bedload transport in all campaigns at Krokur in 2001 to 2003. ......... 41

Figure 25: Mean grain size in bedload samples vs. discharge (upper) and mean bedload
transport at each station (IOWer). ......cceeeiiiiiiiiiiiii e 42



LIST OF TABLES

Table 1: Number of sediment samples taken at Krokur and Urridafoss in 2003. ........... 9
Table 2: Grain size classification used in this report for suspended sediment samples. 11
Table 3: Grain size classes used in bedload SIEVING. ........cccecveviieriierciiiiieiieeieeeeeeee. 13

Table 4: Grain size data on suspended S3 sediment samples from Pjorsa taken from
beneath the bridge on Highway 1 at Urridafoss. ........ccccceeeeievierieenieniieieeieenee, 15

Table S: Grain size data on suspended S1 sediment samples from bjorsa taken from the
old cableway above Urridafoss. ......cccueevieriieiiieniieiiecie et 17

Table 6: Grain size data on suspended S1 sediment samples from bjorsa taken from the
motorized cableway at KrOKUT. ........ccccoeviiiiiiiiiiiiieieeeeeeee e 19

Table 7: Comparison of grain size results 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). ........cccccecuvveennnnnne. 20

Table 8: Results from bedload measurements at Krokur in 2003. ...l 30



1 INTRODUCTION

bjorsa is one of the largest rivers in Iceland, with a watershed at Pjorsartun of 7380 km®
(Fig. 1) and a mean annual flow for the period 1971-2002 (32 years) of 352 m’/s. About
14% of the watershed (1032 km?) is covered by glaciers; hence glacial meltwater is an
important element of the river during the glacier melting season from June to
September.

During the last decades, major hydroelectric power plants have been constructed on the
upper reaches of Pjorsa. Most of the coarse river sediment has been deposited in the
upstream reservoirs; hence, the sediment transport downstream of the larger reservoirs
has been greatly modified (Haukur Toémasson 1982). The mean annual river discharge
has stayed similar as before the main power constructions, but the seasonal variation in
discharge has stabilized due to the reservoir retention, so that the discharge has
decreased during summer and increased in winter. Similarly, minor floods have been
dampened whereas larger floods have remained more or less unaffected.

The new power plant locations proposed on the lower reaches of bjorsé are two; one at
Nupur and the other at Urridafoss. These options would use the current facilities on the
upper reaches of bjorsd for mitigation of water, although a small reservoir would be
built at each power plant on the lower reaches. Discharge has been continuously
measured at Pjorsartin upstream of Urridafoss for more than 30 years, but information
on sediment load in lower Pjorsa has been inadequate. Sediment transport is, however,
one of the main concerns for both 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), but since then and until 2002 suspended samples of
less quality were 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, 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. In addition, bedload
measurements have not been performed in this area until 2001 when the National Power
Company (Landsvirkjun) initiated an extensive sediment monitoring program at Krokur
and Urridafoss. The program has been carried out by the Hydrological Service (VM) of
Orkustofnun (National Energy Authority) with the main objectives: 1) to get additional
suspended samples from bjorséd; 2) to evaluate with greater certainty the suspended
sediment transport at Urridafoss (as the older S3 bank samples are thought to
underrepresent the sediment load because they are not taken from the main current
where the load is greatest); and 3) to make an initial evaluation of the bedload
transported in the lower reaches of Pjorsa.

Results from the first two years of the total sediment program have been published in
progress reports (Jorunn Hardardéttir and Svava Bjork Porlaksdéttir 2002; 2003), but in
this analogous report we introduce the results from sediment measurements in 2003.
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Figure 1: Map of Bjorsa river basin, including main locations along the river.

2 SAMPLING AND DATA ANALYSIS

In 2003, the sediment sampling in the lower reaches of bjorsa was twofold like it has
been during the previous two years. Firstly, nine suspended sediment samples were
taken with a handheld DH48 sampler (so-called S3 samples) from the river bank
beneath the old Highway 1 bridge. This sampling has been carried out 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). Secondly, five sediment sampling campaigns were carried out in 2003 as a
continuation of an extensive sediment program that started in 2001.

In 2003, the extensive sampling campaigns were divided in two parts; four sampling
campaigns during which both samples of suspended sediment and bedload were
obtained, and one sampling campaign during which only suspended samples were
taken. Table 1 shows the details of each sediment campaign carried out in 2003. All the
bedload samples were taken from the motorized cableway at Krokur, which is located
approximately 2 km upstream of the old Highway 1 bridge. The suspended samples
were on the other hand taken from three locations in each campaign, 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 new hydraulic winch, and the third
sample was taken from the river bank beneath the old Highway 1 bridge using a
handheld sampler.




Table 1: Number of sediment samples taken at Krokur and Urridafoss in 2003.

Date

Location

No. of suspended

No. of bedload

No. of bedload

samples samples grain size analyses
2003-07-02— Krokur cableway 1 74 7
2003-07-03 Urridafoss cableway 1 - -
Urridafoss bridge 1 - -
2003-08-07— Krékur cableway 1 84 9
2003-08-09 Urridafoss cableway 1 - -
Urridafoss bridge 1 - —
2003-09-02— Krokur cableway 1 78 7
2003-09-03 Urridafoss cableway 1 - —
Urridafoss bridge 1 - -
2003-10-29 and  Krokur cableway 1 76 14
2003-11-13 and  Urridafoss cableway 1 - -
2003-11-19/20 Urridafoss bridge 1 - -
2003-12-16 Krokur cableway 1 - -
Urridafoss cableway 1 - -
Urridafoss bridge 1 - —
Total sediment samples 15 312 37

Figure 2 shows the discharge at bjorsartin water gauge (vhm 30; V320) (Fig. 1) and
timing of the sediment sampling both in connection with chemical samples (red
squares) and total sediment campaigns (diamonds).
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1000 - August campaign
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Figure 2: Discharge at the Pjorsartun water gauge (vhm 30; V320) and the timing of
sediment sampling in the lower reaches of Pjorsd in 2003.

The discharge reached a maximum in April when spring floods occurred, but discharge
was also relatively high during the summer as almost all the water was directed down
the channel instead of being collected at reservoirs due to constructions at Porisos.

9.



The timing of sampling in association with chemical samples is well distributed
throughout the year from March to December, although all such samples were taken at
discharge less than 520 m’/s. The first of the five sediment campaigns took place in July
and the last one in December. These campaigns were carried out on a broad discharge
spectrum from about 290 to 630 m’/s (Fig. 2). The sampling campaign in late October
was postponed because sampling was impossible as the water froze in the sampling bag.
The campaign was finished in November instead.

2.1 Suspended sediment samples

2.1.1 Sample types

As with other suspended sediment samples taken by the Hydrological Service, the
samples are divided into 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; 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; and 3) the point integrated sampler
(P61) which is also attached to a winch, but it is heavier than the S49 sampler and has
an electronic opening which can be opened with a remote control. These samples are
also called S1 samples if they are taken from three or more locations. The first two
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. The intake valve on the P61 sampler is in contrast
first opened when the sampler is lifted up from the river bed, which results in an
integrated sample from the bottom to the surface.

The samples collected from beneath the old Highway 1 bridge were always classified as
S3 samples as they are taken with the handheld DH48. In contrast 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. The samples at the Urridafoss
cableway were always taken with a S49 sediment sampler, but due to electrical
difficulties at Krokur, only the samples taken in July and August were collected using
the P61 sampler like in previous years, whereas the rest of the samples were taken with
a S49 sampler. At Krokur the samples were taken at 40, 50, 60, 65, 70 80, 100, and 140
m. In the following text, all reference 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.

2.1.2 Grain size analysis

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

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 near
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
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 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, 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. 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.
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Figure 3: Bedload sampling at the cableway at Krokur, Pjorsa.

At each station the Helley-Smith sampler was lowered to the riverbed where it usually
remained for 120 seconds before it was pulled up again. The time differed, however, in
the last campaign as the samples were taken over four different days. A woven sample
bag is 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, this bag is being fastened to the opening of the bedload sampler.

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 84; however, no bedload samples were collected in
December. In all campaigns 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).

2.2.2 Bedload calculations

The bedload transport was calculated in the same way as for campaigns in 2001 and
2002 (Jorunn Hardardéttir and Svava Bjork Porlaksdottir 2002; 2003). 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 15%, 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 &M,

Mean transport at each station j : A, =— 2.7
n, I3 td
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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 :

where O, 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

2

bed (World Meteorological Organization, 1994).

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

Transport between stations :

W o =qy L

+
o, :@xl + & >

n

+

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

Before the samples were analyzed for grain size they were dried at 60°C. The sieve
stack that was used ranged from 64 to 0.063 mm, with sieve aperture interval of 0.5 ¢
(phi). The size classes in phi and mm are shown in Table 3, which also includes the
names of the size classes. 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 3.5 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

-13 -
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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:

¢ = -loga(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.

The moment statistics were calculated in the following manner using the Gradistat
program procedure introduced by Blott and Pye (2001). Only the grain size >63um was
used in moment statistics calculations, but in all samples this fraction of the samples
was negligible (<0.2%).

- m
Mean : Xg = Z—f
n

-\
Sorting : Op = W

Sks = Zf(m—x¢)3
1000,

Skewness :

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).
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3 RESULTS

3.1 Suspended sediment samples

Although the sediment sampling in the lower reaches of Pjorsa was twofold, we have in
the following chapters chosen to introduce the results by the location the samples were
collected from instead of by the sampling program. Hence, in the following chapters
the results from grain size analysis of the suspended sediment samples have been
divided into three parts; S3 samples from beneath the old bridge above Urridafoss, S1
samples from the Urridafoss cableway, and S1 samples from Krokur.

3.1.1 Urrioafoss S3 samples

Altogether, 14 suspended sediment samples were taken in 2003 with the handheld
DH48 rod sampler from the river bank below the old bridge on Highway 1. Nine 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 et al. 2004), but five samples were taken during sediment
campaigns.

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)
2003-03-04 14:15 340 26 58 33 29 9 22 7 0.8
2003-04-03 12:42 333 18 62 41 14 6 29 10 1.7
2003-05-15 11:45 363 24 53 37 18 7 34 4 1.0
2003-06-16 12:57 346 47 51 18 4 5 27 46 1.0
2003-07-03 18:28 466 152 45 29 3 4 22 42 2.2
2003-07-04 12:20 434 108 49 13 7 4 33 43 1.9
2003-08-08 12:35 512 100 52 3 3 3 29 62 0.8
2003-09-03 23:20 699 294 41 31 9 8 32 20 1.8
2003-09-18 12:10 408 113 53 14 7 7 32 40 1.0
2003-11-06 12:20 269 53 55 39 8 8 16 29 2.1
2003-11-19 15:30 297 74 49 43 6 6 26 19 2.1
2003-12-12 11:10 296 25 57 45 11 6 17 21 1.2

The results from all S3 suspended samples are shown in Table 4, whereas the division
of the same samples into the five grain size classes (Table 2) is shown on Fig. 4. A
distinct trend in grain size distribution is seen within the year with greatest percentage
of the finer grain size classes, méla (0.002—-0.02 mm) and /eir (<0.002 mm), being
observed during the months of June, July, August, and September. Except in the sample
from September 3 the percentage of leir is 40% or higher in all these samples. During
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the winter months the percentage of sandur (>0.2 mm) is in contrast higher than in
summer, or from over 30% to over 60% in the last sample from mid December (Fig. 4
upper). Such size distribution in S3 samples from Urridafoss was also seen in 2001 and
2002 (Jorunn Hardardottir and Svava Bjork Porlaksdottir 2002; 2003) which is
consistent with greater amount of fine fraction during the time of glacial melting.
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Figure 4: Grain size distribution in S3 samples from Urridafoss in 2003. Upper figure,
percentage,; Lower figure, concentration.

The higher concentration of fine material during the summer months is even more

pronounced when the concentration of individual grain size classes is observed (Fig. 4
lower).
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3.1.2 Urridafoss cableway samples

Five suspended samples were taken from the old cableway above Urridafoss. 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.

Table 5: Grain size data on suspended S1 sediment samples from Pjorsa 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/1) (mg/l) (>0.2mm) (0.06-0.2 (0.02-0.06 (0.002-0.02 (<0.002 mm)  (mm)
mm) mm) mm)
2003-07-03 21:07 480 188 56 38 4 4 24 30 1,5
2003-09-03 21:49 702 498 40 49 8 2 28 13 1.6
2003-11-19 16:00 298 358 45 58 1 8 25 8 3,2

The total sediment concentration varied from 184 mg/l in the December sample to 498
mg/l in the September sample, in which the discharge was highest of the sediment
campaigns (Table 5).

The samples taken in November and December have the lowest fraction of fine
sediment (leir (<0.,002 mm) and meéla (0.002—0.02 mm)) both considering percentage
and concentration data (Fig. 5). However, the difference between summer and winter
samples is not as prominent as with S3 samples taken from the riverbank beneath the
old Highway 1 bridge. The /eir fraction is in all samples less than 30%, or 65 mg/l,
whereas the sandur grain size class is the largest in four samples out of five, i.e. 38 to
58%, or from about 70 to 250 mg/1.
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Figure 5: Grain size distribution in S1 samples from Urridafoss cableway in 2003.
Upper figure, percentage; Lower figure, concentration.

3.1.3 Krokur samples

Like in previous years, the suspended sediment samples from Krokur were taken in
seven sample bottles at 40, 50, 60, 65, 70, 80, and 140 m distance from the house.
However, in 2003 the samples from individual bottles were combined before analysis
instead of being analyzed separately like in 2001 and 2002. The results from grain size
analysis are shown in Table 6, and as for S1 and S3 samples from Urridafoss the grain
size classification is shown both percentage and concentration wise in Fig. 6.
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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/l) (mg/l) (>0.2mm) (0.06-0.2 (0.02-0.06 (0.002-0.02 (<0.002 mm)  (mm)
mm) mm) mm)
2003-07-03 16:41 442 471 52 69 4 1 12 14 34
2003-09-03 18:49 697 397 39 12 6 14 50 18 1,2
2003-11-19 13:45 297 144 48 43 6 14 25 12 1,4
2003-12-16 14:20 370 79 61 58 6 11 19 6 2,5
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Figure 6: Grain size distribution in S1 samples from Krokur in 2003. Upper figure,

percentage,; Lower figure, concentration.
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The total sediment concentration varied substantially among the five samples with
highest concentration in samples taken in July and September (Fig. 6). The high
concentration in the July sample is to a large extent caused by high concentration of
sandur (>0.2 mm), >320 mg/l (69%), whereas the concentration of finer size classes
(leir and méla) 1s more similar to the other summer samples from August and
September. The highest concentration of all grain sizes except sandur is seen in the
September sample, which was taken when discharge was close to 700 m’/s, i.e. the
highest during the five sampling campaigns. The total sediment concentration was
lowest in the December sample, 79 mg/l, but in that sample the concentration of the fine
grain size classes was especially low, 15 mg/l or less.

Because the sample bottles from each campaign were all analyzed together, it is not
possible to evaluate the difference in grain size percentage or concentration across the
channel like has been done in previous years. Instead more sample pairs from the three
locations were analyzed.

3.1.4 Comparison between suspended samples from three locations

The three samples from each location were compared with each other to estimate better
the difference between the sample types, and especially to better evaluate the error in
sediment concentration of the S3 Urridafoss samples.

Table 7: Comparison of grain size results from suspended sediment samples from
Krokur (K-S1) and the two types of Urridafoss samples (U-SI from the old cableway
and U-S83 from beneath the old Highway 1 bridge).

Time Discharge Sediment Dissolved Sandur %  Grofmoér % Finmoér % Méla % Leir % Larg. part. Sample
(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
2003-07-03 16:41 442 471 52 69 4 1 12 14 3.4 K-S1
2003-07-03 18:28 466 152 45 29 3 4 22 42 2.2 U-S3
2003-07-03 21:07 480 188 56 38 4 4 24 30 1,5 U-S1
U. bridge/Krokur — 1.05 0.32 0.87 0.42 0.75 4.00 1.83 3.00 0.65
U. cableway/Krokur  1.08 0.40 1.08 0.55 1.00 4.00 2.00 2.14 0.44
2003-09-03 18:49 697 397 39 12 6 14 50 18 1.2 K-S1
2003-09-03 23:20 699 294 41 31 9 8 32 20 1.8 U-S3
2003-09-03 21:49 702 498 40 49 8 2 28 13 1.6 U-S1
U. bridge/Krokur — 1.00 0.74 1.05 2.58 1.50 0.57 0.64 1.11 1.50
U. cableway/Krokur  1.00 1.25 1.03 4.08 1.33 0.14 0.56 0.72 1.33
2003-11-19 13:45 297 144 48 43 6 14 25 12 1.4 K-S1
2003-11-19 15:30 297 74 49 43 6 6 26 19 2.1 U-S3
2003-11-19 16:00 298 358 45 58 1 8 25 8 3.2 U-S1
U. bridge/Krokur — 1.00 0.51 1.02 1.00 1.00 0.43 1.04 1.58 1.50
U. cableway/Krokur  1.00 2.49 0.94 1.35 0.17 0.57 1.00 0.67 2.29

-20 -



Table 7 shows the comparison of the three samples in each campaign and the calculated
ratio of the Urridafoss sample types vs. the Krokur samples (U-S1/K-S1 and U-S3/K-
S1). The difference in discharge, total and dissolved sediment concentration, the
different grain size percentages, and the largest particles is shown. The Krokur samples
were always taken first, then the S3 Urridafoss samples from underneath the old
Highway bridge, and finally the S1 samples on the old cableway. When the suspended
sediment samples were taken, the sampling was set up so that as little time as possible
passed between the sample retrievals. The shortest time between the Krokur and the S1
sample from the Urridafoss cableway was 2 hours and 15 minutes, but was over 7 hours
when the longest time passed between the samplings.

The water level gauge is located at bjorsa between Krokur and the Urridafoss sampling
sites; however, in this comparison the discharge was not corrected for the time it takes
the river to flow between the sampling site and the gauge. This has to be taken into
account when the differences in discharge at the time of sampling are compared. In July
and December the discharge was 4 to 8% lower when the samples were taken at Krokur
than at Urridafoss in contrast to how it was in August when the discharge was 4-5%
greater at Krokur than Urridafoss. The difference was on the contrary less than 1% in
September and November (Table 7).

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. 7. In four out of five sample pairs the total suspended sediment concentration in
the S3 samples from Urridafoss is less than in the Krokur samples, whereas the same
number of S1 samples from Urridafoss have greater concentration of suspended
sediment than at Krokur. These results indicate that the S3 Urridafoss samples
underrepresent the sediment discharge compared to the Krokur samples, whereas the
Krékur samples underrepresent the sediment discharge compared to the S1 Urridafoss
samples.

Figure 7 also shows how the individual grain size classes compare between the three
locations. The sandur ratio is rather similar for the two Urridafoss types from each
campaign, where only the sample from September (taken at Q=702 m’/s) has much
higher sandur ratio in both Urridafoss samples than the corresponding Krokur samples
(Fig. 7). The percentage ratios of finmor and méla of the two Urridafoss sample types
are also similar in all campaigns except the one taken around 500 m’/s, in which the
ratios for the two Urridafoss types differ considerably. However, although the S1 and
S3 ratios are similar for finmor and méla in each of the four campaigns their values
differ from one campaign to another.

In four campaigns out of five the S3 samples have higher or similar concentration of
grofmor (0.06-0.2 mm) and leir (<0.002 mm) than the S1 samples from Krokur (U-
S3/K-S1>1). The same is true in S1 samples for Urridafoss for grofmor, but the
opposite for the /eir concentration which is lower in four of the S1 Urridafoss samples
than Krokur samples.

Compared with sample ratios from 2001 and 2002 the differences between coarse and
fine grain size fractions are not as distinct in the 2003 samples. In previous years the S3
Urridafoss samples showed more distinct difference between coarse and fine grain size
fractions, with the percentage of coarser grain concentration being less than at Krokur
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and the concentration percentage of finmor, méla, leir being greater at Urridafoss (S3

samples) than at Krokur.
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Figure 7: Sediment ratio of total concentration and individual grain size classes (in %)
between Krokur samples (K%) and the two different types of Urrioafoss samples (U%)

(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.

Figure 8 shows the suspended sediment concentration and transport against discharge in
the samples taken in 2003 at the three locations in lower Pjorsd. For comparison the
same values for sediment samples taken in 2001 and 2002 are shown.
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types in each sediment campaign.
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Of the samples taken in the five sediment campaigns, only the S3 samples from
Urridafoss show a good correlation of increasing sediment concentration and transport
with increasing discharge (R2=0.94). The correlation value for the other sample types is
around 0.3.

Figure 8 shows, as well as Fig. 7, how the concentration and transport is highest at the
Urridafoss cableway in four sample campaigns out of five. Similarly, the S3 samples
from Urridafoss have lower sediment concentration and transport values than the other
sample types in four out of five sediment campaigns.

3.2 Bedload samples

3.2.1 Bedload transport

In 2003, 312 bedload samples were collected from the cableway at Krokur in four of the
five total sediment campaigns (Table 1). The samples were taken at 40, 50, 60, 65, 70,
80, and 140 m in all campaigns, but in addition 2 to 4 samples were taken between 80
and 200 m; most often at 105, 125, 155, and 180 m. These extra samples were used to
better evaluate the bedload transport in the ca. 120-m-wide section from 80 m to the
right bank. Those samples were not used in calculations, but are instead used to confirm
bedload transport at around 140 m.

In the first three campaigns the bedload samples were taken over two days whereas the
samples were taken over a period of four alternate days in the last campaign. This last
campaign had to be postponed twice due to malfunction in the motorized cableway and
poor weather conditions where the water froze in the sampling bags and hindered
sediment sampling. Furthermore, the discharge varied somewhat during each campaign;
hence the results were divided into smaller data sets for each discharge range and
according to sampling days. The discharge range was smaller than 14 m’/s in all data
sets except on September 3™ when discharge varied over 41 and 90 m’/s respectively
during the two subsets.

On Figs. 9 to 12 the results from each campaign are shown with a graph of sample
transport in g/s/m and a table that portrays the transport data at each station, between
station midpoints, total transport, as well as the mean discharge and its range. As in
earlier reports 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.

To summarize the information shown on Figs. 9 to 12 the mean transport at each station
and between station midpoints is shown on Fig. 13. To try to distinguish between the
many data subsets the color of the lines corresponds to the color scheme for each
campaign shown on Figs. 9 to 12.
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Figure 10: Results from bedload measurements during 8—9 August 2003.
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Figure 12: Results from bedload measurements in October and November 2003.
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Figure 13: 4. Mean bedload transport at each station at Krokur 2003. B. Total bedload
transport between station midpoints at Krokur 2003.
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The mean bedload transport at each station is very variable from one data set to another
as well as from one station to another (Fig. 13A). However, most of the bedload was
transported between 50 and 70 m in all bedload data sets except the two July campaign
sets (orange/yellow) and in the November data sets (blue). In those data sets the amount
of bedload observed at 80 m was much higher (150-330 g/s/m) than in all other sets
(<35 g/s/m). The bedload transport over the long stretch of the channel from 80 to 200
m appears to have been small except on August 9 when it reached a mean value of 73
g/s/m. The supplementary samples taken at 105, 125, 155, and 180 m within each
campaign support this result.

Due to the variable channel width the bedload data is calculated for, the values for
bedload transport between station midpoints at the 80 m station are relatively higher
than values for other station (Fig. 13B). Hence, the integrated bedload transport at 80 m
in July and November is up to more than triple the transport at other stations between 50
and 70 m. As we do not have data to confirm this high bedload transport between 75
and 110 m, over which width the bedload between station midpoints is calculated (no
samples were taken at 105 m during these days), we use these high values shown on
Fig. 13B with caution. Similarly, the high value of bedload transport between station
midpoints for the 140 m station on August 9 will probably also cause an overestimation
of the total bedload across the channel.

The total bedload transport for each bedload data set is shown in Table 8. The results
shown here are the values calculated using the formulas in chapter 2.2.2; however, the
number in parenthesis indicates the recalculated total bedload for the 80 and 140 m
stations. For the July and November data sets we integrated the 80-m-values for 25 m
around the station instead of 35 m, and instead we used the 140-m-values for 10 m
greater width. This reevaluation decreased the total bedload transport by over 3 kg/s in
July and up to 1,9 kg/s in November (Table 8), but these values can shift even more if
other widths are chosen. Although there are good indications that the 140-m-values on
August 8 cause overestimation of the total bedload transport it is not easy to estimate
the magnitude of such overestimation. In Table 8§ we suggest a minimum number of
about 8 kg/s for the total transport on August 8.

Table 8: Results from bedload measurements at Krokur in 2003. Numbers in
parenthesis show reevaluated values for total bedload as indicated in text.

Campaign date Mean discharge (m*/s) Range (m’/s) Total integrated bedload transport (kg/s)
2003-07-02 13:08-00:03 462 5.5 19.8 (16.5)

2003-08-08 10:04-19:35 513 10.3 3.8

2003-08-08 21:14-23:25 534 13.9 1.7

2003-09-02 12:42-21:41 455 7.8 4.4

2003-09-03 09:29-13:31 551 90.2 4.6

2003-10-29 13:51-18:32 291 10.0 3.6

2003-11-13 10:14-13:10 346 1.9 15.3 (13.8)
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Figure 14 shows the relationship between total bedload and mean discharge during
sampling. Both the values before and after reevaluation of the total bedload transport
are shown for comparison for six of the data sets. The total bedload transport varied
from about 1.7 kg/s to 19.8 kg/s, or 16.5 kg/s if the evaluated results are used. No
correlation is seen between the total transport and discharge in these data unlike what
was seen in 2002 when total transport increased significantly with discharge, if two
values at discharge <300 m’/s are excluded (Fig. 14).
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Figure 14: Total bedload transport vs. mean discharge in the 2003 sediment
campaigns. The reevaluated values discussed in the text are indicated with unfilled

signs of the same color. Values from 2001 and 2002 (0<550 m’/s) are shown for
comparison.

3.2.2 Grain size of bedload samples

In all bedload campaigns sediment samples were taken from each of the seven stations,
40, 50, 60, 65, 70, 80, and 140 m for grain size analysis. Two extra samples were taken
at 50 and 65 m in the August campaign, and in the October/November campaign an
extra set of samples was taken at all stations as the sampling was spread over a long
period. All 37 samples were analyzed for grain size analysis at the Sedimentology
Laboratory of the Hydrological Service, as described in chapter 2.1.2.

The cumulative frequency graphs for each set of samples are shown on Figs. 15 to 19.
The same colors are used in all five graphs for easier comparison. The grain size
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differed greatly between stations within each set of samples, but the grain size of the
samples from each station varied also substantially. However, in the last three data sets
the samples from 40 and 140 m included the finest material. The coarsest samples were
in three data sets taken at 80 m, but up to 80% of the material in these samples is >-1.0
¢ (2 mm) and classified as pebbles of variable size (Table 3).

In August two samples were taken during the same day at 50 and 65 m. The difference
in grain size between these sample pairs (Fig. 16) display well the variability in the
transported bedload material.

The variability in grain size between samples from different stations and between the
different data sets is better displayed on Figs. 20 to 22 which show the results from
moment statistics. The three coarse samples from 80 m are evident as well as the
relatively fine-grained samples from 140 m. Considerable variability is seen between
samples from each station in the middle of the channel from 50 to 70 m; this is where
most of the bedload material was transported. It is also observed that the samples taken
in the September campaign are usually one of the most fine-grained samples taken at
each station (Figs. 17 and 20), even though they were taken at discharge around 450
m’/s which is in the mean range of discharge (Fig. 14).
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Figure 15: Cumulative grain size curve for Krokur bedload samples collected July 2
2003.
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Figure 16: Cumulative grain size curve for Krokur bedload samples collected August 9

2003.
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Figure 18: Cumulative grain size curves for Krokur bedload samples collected
November 13 2003.
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bjorsa, Krokur, sampled in 2003.

The sorting values vary much between data sets especially at the station from 40 to 65
m (Fig. 21). Less variability is seen in sorting values at 70, 80, and 140 m, with
relatively high values at 70 and 80 m and low values, i.e. relatively better sorted at 140
m. Skewness is shown on Fig. 22 where it is prominent that most of the samples have
negative skewness values and are most symmetrical or coarsely skewed. Three of the
samples from 80 m are though finer skewed than others.

For samples finer than -1.0 ¢ (2 mm) there is a reasonable correlation between smaller
mean grain size and better sorting with a R?=0.53 (Fig. 23A), although this correlation
is not observed for coarser samples. Even better correlation is seen between grain size
and skewness, where finer grained samples are more coarsely skewed than coarse
samples (R?=0.73)(Fig. 23B). Conversely, the relationship between sorting and
skewness is much worse as is seen on Fig. 23C.
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4 CONCLUSIONS

This report describes the results gathered during the third year of the extensive sediment
sampling program initiated in 2001 at Krokur and Urridafoss in the lower reaches of
bjorsa. The main objective of the program was threefold: 1) to obtain additional
suspended samples at variable discharge values in Pjérsa; 2) to compare suspended
samples from Krokur and Urridafoss; and 3) continue the bedload sampling at Krokur to
estimate the bedload transport in Lower Pjorsa.

Five sampling campaigns were carried out at Krokur and Urridafoss in 2003 which were
distributed over the year from July to December. In each campaign three suspended
sediment samples were taken, one from the motorized cableway at Krokur, one from the
Urridafoss cableway, and one sample was taken with a handheld sediment sampler from
the river bank beneath the old Highway 1 bridge. Bedload samples were additionally
taken at Krokur in all campaigns except in December.

Moreover, nine suspended sediment samples were taken from beneath the old Highway
1 bridge as a part of another integrated study on chemical transport in rivers in South
Iceland (Sigurdur R. Gislason et al. 2004) and those results are also shown here.

In the following chapters the main results from each part of these studies are
summarized.

4.1 Suspended samples from Urridafoss

Two types of samples were taken at Urridafoss in 2003; fourteen samples were taken
with a handheld rod-sampler from the river bank beneath the bridge on Highway 1 (S3
samples) and five samples (S1) were taken with the normal suspended sediment sampler
(S49) from the cableway downstream of the bridge with a newly developed hydraulic
winch.

Very distinct seasonal changes were seen in the S3 samples that were taken from the
river bank with the handheld rod-sampler (Table 4; Fig. 4). The concentration of the
finer grain size groups méla (0.002—0.02 mm) and /eir (<0.002 mm) was significantly
higher in the samples taken during the glacial melting time in June to September than in
the winter samples. The winter samples had much higher percentage of sandur (>0.2
mm) than the summer samples, but the winter samples can be divided in two parts based
on their concentration; i.e. samples taken in March to May had lower total sediment
concentration than three out of four samples taken in November and December.

The S3 samples are highly susceptible to the sampling procedure as the grain size and
concentration depends greatly on how far and deep into the main current the handheld
rod-sampler reaches. It is possible that during the sampling of the coarser winter
samples the rod was inserted deeper and closer to the river bed where the coarser
material is transported as discharge was lower when these samples were obtained.

For these samples, as with other suspended sediment samples, it must though be
emphasized that due to the closed array nature of percentage data which is the basis of
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the grain size classification shown here, one grain size group is bound to increase when
another decreases.

The results from the five S1 samples which were taken from the Urridafoss cableway
are shown in Table 5 and on Fig. 5. Total sediment concentration of these samples
ranges from 184 to 498 mg/l with the greatest concentration found in the sample taken
at highest discharge. Seasonal changes are not obvious in these samples although leir
(<0.002 mm) concentration is somewhat higher in the summer samples (>50 mg/1) that
in the two winter samples (<30 mg/l). In four samples out of five is sandur the main
grain size group; only in the August sample is the sandur percentage lowest of the grain
size ratios.

4.2 Suspended samples from Krokur

Like in 2002 the five suspended sediment samples were obtained from Krokur in seven
sample bottles at 40, 50, 60, 65, 70, 80, and 140 m distance from the house, but this year
all the bottles were analyzed together as one sample instead of being analyzed
individually.

The total suspended sediment concentration of the Krékur samples ranges from 79 to
471 mg/l with highest concentration in the July sample, which includes very high
concentration of sandur (about 325 mg/l) that greatly increases the total concentration.
Although inconclusive it is possible that the sediment sampler collected coarse material
from the riverbed when this sample was obtained. The concentration of fine sediment
(leir <0.002 mm and méla 0.002—0.02 mm) was higher in the summer samples (about
50 to 200 mg/l) than in the samples from November and December (9-36 mg/l), with
the September sample with highest concentrations. This high concentration corresponds
well with high discharge which was close to 700 m?/s at the time of sampling.

4.3 Comparison of suspended sediment samples from
Urrioafoss and Krokur

The three sample types were compared to try to evaluate the difference between them in
total sediment concentration and grain size. When more sample pairs have been
gathered these samples may also be used for comparison with older samples taken at the
Urridafoss cableway. Earlier studies of sample pairs from Krokur and S3 samples from
Urridafoss have shown that the Urridafoss samples underrepresent sediment
concentration and the sandur concentration in the latter is lower (Jorunn Hardardottir
and Svava Bjork Porlédksdoéttir 2002, 2003). The results are shown in Table 7 and Fig. 7
shows the ratio of Krokur S1 samples and Urridafoss S3 samples (U-S3/K-S1) and the
ratio of Krokur S1 samples and Urridafoss S1 samples (U-S1/K-S1) for the samples
taken in 2003.

Like in the sample pairs from previous years the Urridafoss S3 samples underestimate
the total sediment concentration compared to the Krokur samples in four out of five
samples, whereas four out of five S1 samples from the Urridafoss cableway have higher
sediment concentration than the Krokur samples. Although the U/K ratio for the total
sediment concentration behaves dissimilarly for the two sample types, the sandur ratios
are similar for the S1 and S3 samples from Urridafoss, with higher sandur percentage in
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the majority of the Krokur samples than in both the Urridafoss sample types. The U-
S3/K-S1 ratio differs from one grain size class to another with four out of five S3
samples having higher or similar percentage of grofmor (0.06—0.2 mm) and /eir (<0.002
mm) than the Krokur samples, but lower or similar percentage of finmor (0.02—0.06
mm) and méla (0.002—0.02 mm). Greater difference is observed in the U-S1/K-S1 ratio
between grain size groups although four out of five S1 samples from Urridafoss have
higher percentage of grofimor and lower of /eir than their Krokur sample pair.

This substantial difference between the Krokur and the Urridafoss sample types with
both regard to grain size percentages and total suspended sediment concentration was
also observed in 2001 and 2002. However, in 2003 the variability is not as consistent
within each grain size group as it was in earlier years where the coarser grain sizes were
underestimated in the Urridafoss S3 samples, whereas the finer grain sizes were
overestimated.

It is possible that this interannual difference may to some extent be caused by difference
in the sediment samplers used at Krokur in 2003. The P61 sampler, which was used in
2001 and 2002, was only used in July and August 2003, whereas the S49 sampler was
used in the remaining campaigns. The latter sampler will, if anything, result in higher
percentage of fine material as it integrates the sample from the river surface, to the river
bottom and to the surface again. The lower percentage of sandur in the S3 samples from
Urridafoss is understandable as it is impossible to lower the handheld rod-sampler deep
into the current beneath the Highway 1 bridge where the concentration of sandur is
greatest. The higher total sediment concentration in the S1 samples from Urridafoss
cableway compared to the Krokur samples may suggest that sediment is better
distributed within the watercolumn at Urridafoss than Krokur; possibly because of
greater current speed.

Figure 8 shows a slight trend between sediment concentration and discharge for the
Urridafoss and Krokur samples; with a correlation (R?) around 0.3 for the S1 samples
from Urridafoss and Krokur and slightly higher correlation (R’=0.54) for the S3
Urridafoss samples. The same Figure shows even better the variability between
suspended sediment concentration/transport and discharge.

4.4 Bedload studies

First bedload studies in Pjorsa were performed in the 1980’s (Haukur Témasson et al.
1996, Svanur Palsson 2000), but measurements of bedload transport in the lower
reaches of Pjorsa downstream of Sandartunga have only been carried out in 2001 and
2002 (Jorunn Hardardottir and Svava Bjork Porlaksdoéttir 2002, 2003). The results
shown here are based on the measurements in four total sediment campaigns at Krokur
in July, August, September, and October/November 2003. During these campaigns,
samples were taken at seven locations from the cableway at Krokur, 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.

The results from each campaign were divided into smaller data sets based on the date
samples were taken and changes in discharge during the sampling period. When these
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data sets are compared a vast difference is seen in bedload transport from one station to
another with high transport on average between 50 and 80 m and less bedload transport
at 40, 100, and 140 m. However, great variability is seen from one set to another where
exactly the bedload is transported (Fig. 13). In July, all bedload was transported
between 60 and 80 m (Fig. 9), but in August most of the bedload was transported at 50
and 65 m, with minor transport at 70 and 140 m (Fig. 10). The bedload transport was
even confined to a narrower stretch in September when almost all the bedload was
transported at 50 m with minor transport at 60 m (Fig. 11). The sampling in the last
campaign was distributed over four days in October and November with some bedload
being transported between 50 and 70 m all days; however, in November relatively great
amount of bedload was transported at 80 m as well (Fig. 12).

Total bedload transport differed substantially between the twelve data sets from the four
campaigns, from 1.7 to 19.8 kg/s (Fig. 14). The results were subsequently reevaluated
for the data sets with relatively high bedload transport at 80 and 140 m, and this lowered
total values for half of the data sets (see Table 8 and Fig. 14 where both the initial and
the reevaluated numbers are shown). No real correlation is seen between total bedload
transport and discharge in 2003, different from what was observed in 2002. In 2002
samples were also obtained over much wider discharge range as is seen in Fig. 24,
which shows all total bedload evaluations performed at Krokur in 2001, 2002, and
2003.
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2003.
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The total bedload transport in 2003 appears to have been somewhat lower than in 2002
when the samples from August and September are concerned, but slightly above
looking at the transport in July and November. The relatively higher bedload during the
winter months is, however, similar to what was observed in 2002.

Grain size was measured in 37 bedload samples; i.e. one or two samples from each
station during each campaign. The grain size distribution in each sample differed
somewhat between campaigns with coarser samples taken in July and August, although
two samples taken at 80 m in November included particularly coarse material. More
than 50% (wt.) of all except five samples was material finer than -1.0 ¢ (sand, <2 mm),
with the rest of the material being pebbles of various size fractions less than -5.0 ¢ (3.2
mm) (Figs. 15-19).
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For most stations no real trend is seen in mean size with discharge although the samples
taken at 70 and 140 m get somewhat coarser with increasing discharge (Fig. 25 upper),
especially if the samples taken around 450 m*/s in July are excluded. The lower part of
Fig. 25 shows how the mean grain size of the samples varies with mean bedload
transport at each station. Only the samples from 140 m tend to get significantly coarser
with increasing bedload transport. Conversely, many samples from the other stations
tend to have either similar grain size (50 m) and/or similar mean bedload transport (65
m).

Figure 25 also shows the difference in grain size from one station to another with many
samples from 40, 60, and 140 m being somewhat finer grained than other samples. The
samples taken closest to either river bank, i.e. 40 and 140 m, also tend be better sorted
than samples within the main channel, which is consistent to what has been observed in
previous years.

Decent correlation is seen with mean grain size and sorting for grain size finer than -1.0
¢ (2 mm) (R?=0.53), and even better correlation for mean grain size vs. skewness
(R’=0.73) for the whole data set (Fig. 23). The finer grained samples thus tend to be
better sorted and more negatively skewed, i.e. with a tail of excess coarse material, than
coarser grained samples.

The bedload measurements that have been carried out at Krokur during the last two
years give a very important evidence of bedload transport in Pjorsa. However, the
limitations of such studies should not be discarded, as they will always be a compromise
between time/money spent on studies of the river and a reasonable error in the
measurements, which is only lowered with more samples or continuous measurements.
Our way to try to accommodate both views, i.e. relatively cheap bedload program with
reasonable error, is to sample in each campaign >10 samples from seven stations, of
which five are located where the greatest bedload transport has been found. The bedload
transport for the other stretches, where bedload has been found to be minor, is instead
interpolated based on only one station close to each river bank, with occasional samples
in-between 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 transport in wide channel stretches such as around 140 m is handled. In
this study additional information on bedload transport over the stretch from 80 to 140 m
tended to lower the bedload transport.
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SUMMARY IN ICELANDIC

Eftir a0 hugmyndir um Urridafossvirkjun i nedri hluta Pjorsar voru endurvaktar hafa
sjonir manna beinst ad setflutningi i anni 4 pessu svadi. Af pessu tilefni setti
Landsvirkjun 4rid 2001 af stad umfangsmiklar rannsoknir & heildaraurburdi i nedri hluta
bjorsar, en uppsetning rafdrifins klafs vid Krok var forsenda pess ad hagt veri ad afla
betri svifaurssyna og fyrstu skridaurssynanna. Arid 2001 voru farnar 10 aurburdarferdir
a svae0io, arid 2002 voru ferdirnar sex og i pessari skyrslu eru settar fram nidurstodur
fjogurra slikra ferda 4 nedra bjorsarsvadid. A sama tima hefur verid i gangi
rannsoknarverkefni um efnavoktun i &m 4 Sudurlandi, en auk Vatnamalinga standa
Landsvirkjun, Raunvisindastofnun héaskolans, og Hollustuvernd, ni Umhverfisstofnun,
a0 pvi verkefni.

Meginmarkmid stoéru aurburdarferdanna 4 nedri hluta bjorsarsvadisins er ad afla gdorar
vitneskju um heildarframburd Neori-Pjorsar en slik pekking er naudsynleg allri attekt &
virkjunarkostum, badi hvad vidkemur honnun og umhverfismati virkjunar. Pessu
takmarki er n4d med pvi ad afla betri svifaurssyna en adur hefur verid gert, med pvi ad
taka 1 notkun rafdrifna klafinn vio Krék. Med pvi a0 taka svifaurssynasett af honum og
med handsynataka undir gdmlu brinni 4 pjodvegi 1 par sem morg fyrri syni hafa verid
tekin er einnig reynt ad meta hvernig eldri syni vanmeta svifaursstyrk i Pjorsa par sem
synatakinn nar ekki ad safna syni Ur peim hluta arinnar par sem hastur styrkur atti ad
malast, p.e. nalagt botni i mesta strengnum. Arid 2002 var einnig byrjad ad taka syni
med vokvadrifnu klafspili 4 eldri strengjabraut um 500 m nedan vid gomlu bruna &
pbjodvegi 1 til ad meta enn betur gadi synanna sem tekin hafa verid med
handsynatakanum og tengja nidurstodur fra Kroki og vid gdmlu brina vid eldri
nidurstddur frd gdémlu strengjabrautinni. Oll pessi syni nytast einnig til ad meta
heildarsvifaur i 4&nni. Annad meginmarkmid itarlega aurburdarverkefnisins hefur verid
a0 afla upplysinga um skridaursflutning i Nedri-Pjorsa en a0ur en petta verkefni byrjadi
ho6fou skridaurssyni eingdngu verid tekin ur efri hluta arinnar (Haukur Tomasson o.fl.
1996; Svanur Palsson 2000).

Synataka arsins 2003 gekk vel og var farid i fjérar hefdbundnar svifaurs- og
skridaursferdir og eina svifaurssynaferd. I 6llum ferdum voru svifaurssyni tekin &
fyrrnefndum  premur stédum, p.e. vid Krok, undir bra ofan Urridafoss og 4a
Urridafossklafnum, og i heildaraurburdarferdunum voru einnig tekin 4 bilinu 74 til 84
skridaurssyni af klafnum vio Krok. Til vidbotar vid pau svifaurssyni sem tekin voru i
pessum ferdum voru niu syni tekin med handsynataka undir eldri briinni 4 pjodvegi 1 i
efnavoktunarferdum a Sudurland.

{ svokolludum S3 synum sem tekin voru undir branni ofan Urridafoss var kornastaerd og
svifaursstyrkur nokkud mismunandi innan érsins. Hlutfall sands (>0,2 mm) var téluvert
haerra yfir vetrarmanudina, en 4 moti var hlutfall finefna s.s. leirs mun haerra innan
sumarmanudina pegar reikna ma med leysingu 4 jokli. Heildarsvifaursstyrkur var einnig
mestur 4 sama tima ef fra er talid syni frd 16. desember sem innihélt hlutfallslega
mikinn sand midad vid Onnur vetrarsyni. Styrkur kornasterdarflokkanna i mg/l var
einnig pegar 4 heildina er 1itid minni yfir vetrartimann en yfir sumario.

- 46 -



Ef borin eru saman Urridafosssynin, sem tekin voru med handsynataka annars vegar, og
af klafnum hins vegar, kemur 1 1j6s ad handsynin vanmeta heildarstyrk svifaurs um allt
fra 19 til 79%.

Svifaurssynin fra Kroki voru tekin med synataka af rafdritna klafnum 4 40, 50, 60, 65,
70 80 og 140 m fra husi 4 vinstri (austari) bakka arinnar, en bakkinn er ad medaltali i
um 16 m fjarlegd fra hisinu. Petta 4rid var innihaldi allra synaflaskna blandad saman
adur en synid var kornasterdargreint og fengust pvi ekki upplysingar um dreifingu
kornastzrdar innan farvegarins eins og sidastlidin ar. [ Krokssynunum fra 2003 var ekki
jafn aberandi mismunur i styrk kornasterdarflokka innan arsins eins og i handsynum fra
Urridafossi en po var styrkur finefna i vetrarsynunum heldur minni en i sumarsynunum.
Styrkur sands 1 julisyni fra Kroki er hins vegar mjog har midad vio i 60rum synum svo
ad mogulegt er ad synatakinn hafi safthad i sig sandi af botni 1 synatokunni.

Heildarstyrkur og kornasterdardreifing synanna fra Kroki annars vegar og beggja
Urridafoss synategundanna hins vegar var borin saman. | 1j6s kom ad S3 braarsynin fra
Urridafossi ho6fou i fjorum synum af fimm laegri heildarstyrk og laegra hlutfall sands en
Krokssynin og er su nidurstada sambarileg vid samanburd synategundanna tveggja fra
Urridafossi. A hinn béginn h6fdu fjogur af fimm S1 synum af Urridafossklafnum haerri
heildarstyrk en Krokssynin og er pad eins og i samanburdarsynum sem tekin voru a
pessum stodum 2002. Synin fra Kroki virdast pvi heldur vanmeta svifaursstyrk ef midad
er vi0 synin fra klafinum vid Urridafoss enda virdist straumur vera heldur meiri a4
sidarnefnda stadnum og pvi hugsanlegt ad efni s¢ betur blandad i vatnsbolnum. Ekki var
eins afgerandi mismunur milli synategunda i fingerdari kornasterdarflokkum ef
undanskilinn er leirflokkurinn (<0,002 mm) par sem fjogur af fimm S3 briarsynum fra
Urridafossi hofou herra styrkhlutfall en Krokssynin, en jafnmorg S1 klafsyni fra
Urridafossi hofou laegra styrkhlutfall en synin fra Kroki. Hafa parf p6 1 huga ad vid mat
4 kornastaerdarhlutfalli ad um er ad reda hundradshlutagogn pannig ad ef hlutfall eins
kornastaerdarflokks hakkar verdur hlutfall eins eda fleiri flokka ad laekka.

Jakved fylgni sést milli heildarstyrks hverrar synagerdar og rennslis og er fylgnin go6d
fyrir S3 synin fra Urridafossi (R=0,93) en mun minni fyrir klafsynin fra Kroki og
Urridafossi (i kringum 0,3). Fylgnin fyrir klafsynin eykst hins vegar til muna pegar
skodadur er skridaursflutningur med rennsli (R*=0,66-0,75).

Alls voru tekin 312 skridaurssyni af rafdrifna klafnum vid Krok arid 2003 i fjorum
heildaraurburdarferdum i juli, agust, september og oktober/ndvember. Synin voru tekin
4 somu stodum og svifaurssynin auk pess sem einstaka aukasyni voru tekin milli 80 og
200 m til ad stadfesta ad haegt vaeri ad nota 140 m stodina sem vidmid fyrir petta
breiddarbil. I hverri ferd var einu til tveimur synum safnad til kornastaerdargreiningar 4
aurburdarstofu Vatnamelinga, alls 37 synum.

Nokkud var misjafnt 4 milli ferda 4 hvada st6d skridaursframburdur var mestur en
yfirleitt var hann mikill & stédvum fra 50 til 70 m. [ jali og ndvember maldist hann p6
einnig mikill 4 80 m. Medalframburdur 4 milli stodva sem og heildarframburdur
skridaurs var reiknadur badi med og an pess ad taka tillit til aukasyna a milli 80 og 200
m. Nokkur munur var & milli pessara utreikninga, sér i1 lagi fyrir medalframburd i
kringum 80 og 140 m stodvarnar par sem skridaursflutningur var heildadur yfir breitt
bil, en aukasyni gafu til kynna ad framburdur veari hugsanlega ekki jafnmikill yfir allt
breiddarbilid. Mestur meldist heildarskridaursframburdur i juli (11,7 og 16,5 kg/s) og
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november (7,9—13,8 kg/s), en einnig var hann har 9. agast (um 8 kg/s) (hér er midad vid
leidréttan skridaursflutning med tilliti til aukasyna).

Mestur hluti skridaurssynanna fra Kroki var sandur og finmdél og voru fingerdustu og
best adgreindu synin yfirleitt tekin & 40 og 140 m. Hluti syna af 60 m var einnig
tiltdlulega fingerd en prji syni af 80 m skaru sig ur hvad vardar grofleika. Synin sem
tekin voru 4 70 og 140 m urdu heldur gréfari vid haekkandi rennsli en minni munur sast
med rennsli i synum fra 60rum stodvum.

Eins og 40ur sagdi gekk aurburdarsynataka i Nedri bjorsa vel arid 2003 og batast
fjolmorg syni vid gagnagrunn svifaur- og skridaursmalinga 4 svadinu. Hafa ber i huga
ad toluverd Ovissa er fyrir hendi 1 slikum malingum sem erfitt getur verid ad meta, pa
sér 1 lagi 1 skridaursmelingum.
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