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1

Introduction
Laxá Hydropower Scheme is located on Laxá River in Northern Iceland, east of Akureyri. The
hydropower scheme in Laxá was constructed by the town of Akureyri and the Government of Iceland
before it was taken over by Landsvirkjun in 1983. The Laxá Hydropower Scheme is now owned and
operated by Landsvirkjun. Landsvirkjun has experienced sever operational problems related to
sediment loads as well as ice which are withdrawn together with the water from Laxá River for power
generation in the three power plants in the Laxá scheme. Landsvirkjun initiated a comprehensive
refurbishment programme for the Laxá Hydropower Complex three years ago. Many components of
the Laxá 2 hydropower plant has been upgraded, including a new penstock and a renovated surge
chamber and powerhouse. The field visit and this report is a part of Landsvirkjun’s refurbishment
plan for the Laxá Hydropower Complex, in which Multiconsult is happy to be able to contribute.

1.1

Objectives
The objectives with this study are to assess the sediment and ice related problems at the Laxá
hydropower plants through a visit to the site and through the information made available to the
Consultant during the visit to Iceland and to recommend possible measures aimed at reducing the
impact of these problems on both short term basis and on long term basis.

1.2

2

Contractual Arrangements
The contact between Landsvirkjun and Multiconsult was established through an e-mail from Andri
Gunnarsson to Haakon Støle on 2012.10.03. The scope of work was discussed via e-mail
correspondence over some time leading to a Confirmation of Order sent from Multiconsult on
2013.01.22 signed by Odd Adler-Gjerde on behalf of Multiconsult, followed by Purchase Order No:
20131312 from Landsvirkjun dated 2013.03.20 signed by Guðmundur Björnsson on behalf of
Landsvirkjun. These documents are given in Appendix 1.

The Laxá Hydropower Scheme
Laxá Hydropower Scheme is complex, both with respect to the history of its development; the way
the scheme has been designed and constructed as well as the operational conditions. A brief
introduction to the power scheme is therefore given below to give some reasons why the scheme is
as it is today and to provide a basis for the recommendations for further actions as well as to
safeguard that the Consultant understand the history, the design and the operation of components
of the scheme correct.

2.1

Laxá Hydropower Scheme in Brief
The Laxá hydropower development includes two intake dams and three run-of-river hydropower
stations. The upstream dam is referred to as the Laxá III dam which creates the intake pond to Laxá 1
and Laxá 3 hydropower plants. The downstream dam is referred to as Laxá II dam and the pond
created by the dam serves as tailwater pond for Laxá 1 and Laxá 3 hydropower plants and it is also
the headwaters for Laxá 2 hydropower plant. The overall layout of the Laxá hydropower scheme is
shown in Figure 1 in Ref. [1]. This Memorandum Summary of Sediment Problems Laxá II and III HEP
by Andri Gunnarsson is presented is Appendix 2.
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2 The Laxá Hydropower Scheme

Figure 1: Layout and longitudinal section through the Laxá Hydropower Scheme with Laxá III and Laxá
II dams and Laxá 1, Laxá 2 and Laxá 3 hydropower plants (Ref. 2).
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2.2

Laxá III Dam and Intake
Laxá 1 hydropower plant was commissioned in 1939. The layout of the dam and the intake
arrangement was then different from how it is today. The layout of the combined Laxá 1 and Laxá 3
hydropower plants is shown in Figure 2. The Laxá III dam, as it is today, is an “unfinished” dam. The
layout is shown in Figure 3. When the first phase of Laxá 3 hydropower plant was built, it was
assumed that a new and higher dam should be constructed downstream of the present diversion
dam as shown in Figure 4. The present dam together with the bypass tunnel branch of the headrace
tunnel should first of all serve as bypass during the construction of the high dam and later facilitate
flushing of the reservoir.
The present dam represents a temporary design which has become permanent. When the Laxá 3
hydropower plant was constructed, it was designed to serve the dam shown in Figure 4 with a
highest regulated water level at 138.5 masl. It has been decided that the high dam will not be
constructed. It is now the time to finalize the design and finish the construction of the dam with an
upstream water level close to what it is today. It is important that the final design of the dam
includes robust and efficient facilities for sediment and ice handling.
It was not possible to find detailed as-built drawings of the existing dam-design during the field visit.
Figure 3 is extracted from a drawing dated Sep 74 in scale 1:1000. Figure 5 and 6 show the layout of
the intake arrangement with focus on the surface arrangements in Figure 5 while the underground
arrangements are included in Figure 6. See also Figure 6 through Figure 8 in Appendix 2 which
illustrates the present arrangements at Laxá III head-pond, dam and intake.
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Figure 2: General layout of Laxá 1 and 3 Hydropower Plants (Ref. 2)

125214-100-CCC-HAST

September 20, 2013

Page 8 of 57

multiconsult.no
2 The Laxá Hydropower Scheme

Free overflow spillway

No overflow dam, one section with stop-logs

Head-pond «reservoir»

Bottom outlet and overflow gate

Tunnel inlet

Intake trash rack and ice sluice

Bypass tunnel

Sand trap
Bifurcation point

Figure 3: Layout of Laxá III Dam and Intake to Laxá 1 and Laxá 3 Hydropower Stations (Sep 74)
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Figure 4: Layout planned high dam, the “New” Laxá III rockfill dam (March 67)
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Figure 5: Layout Intake and part of Laxá III dam (more or less as-built)
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Figure 6: Layout Intake of Laxá I and III (more or less as-built)
The intake to Laxá 1 HEP was initially located where the overflow gate is located today, labelled
“Isloka II” in Figure 6. The remains of the penstock are seen from the downstream side in Figure 9. It
is believed that there was a plan to build new units in parallel with the original Laxá I with surface
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penstocks and surface power house as for Laxá I when the demand for power increased. New intakes
would then be located in the bays along the longitudinal no-overflow section of the dam upstream of
the original intake to Laxá I hydropower plant. These bays were closed by use of vertical stop logs.
Some of them have later been closed permanently by concrete walls to replace the stop logs and an
embankment has been constructed on the downstream side, see also Figure 30. The free overflow
spillway shown in Figure 7, closing the left side of the dam, was as far as we understand constructed
later. The terrain here was initially above the pool level.

Figure 7: Left side of the dam with free overflow spillway and the existing bay with vertical stop logs,
seen from the right bank

Figure 8: Bay with vertical stop-logs upstream of concreted bays with downstream embankment

Figure 9: Overflow gate for passage of ice at the old intake location to Laxá 1 HEP
The overflow gate hoisting arrangement, with a hydraulic cylinder located under the gate as shown in
drawings, was not in place. The gate is kept in position by use of two steel wires as shown in Figure 9.
The bottom outlet gate (width: 1.25 m, height: 2.00 m) just upstream of the overflow gate at the
original intake site is shown in the drawing in Figure 5, but not on Figure 6. The hoisting mechanism
was damaged as seen in Figure 10, and it was not clear if the gate could be operated again. The
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downstream side was closed by an embankment. It is not clear whether it is possible to reactivate
this gate and use it for sediment flushing, see also Figure 30.

Figure 10: Hoisting arrangement for the bottom outlet gate, possible sediment flushing gate?
2.3

Laxá II Dam and Intake
The Laxá II dam and intake is shown in Figure 4 and 5 in Appendix 2. The dam and intake
arrangement is shown with low water level during a reservoir flushing event in Figure 11. Drawings of
the dam with layout and sections are shown in Figure 12.

Figure 11: Laxá II Dam and Intake to Laxá 2 Hydropower Plant (Ref. 3)

125214-100-CCC-HAST

September 20, 2013

Page 14 of 57

multiconsult.no
2 The Laxá Hydropower Scheme

Figure 12: Layout and Sections of Laxá II Dam (Ref. 3)
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Figure 13: Laxá II head-pond during draw-down and flushing (Ref. 3)

Figure 14: Layout of Laxá II Dam
Figure 13 shows the head-pond and the dam during draw down and a reservoir flushing event. The
layout of the dam and intake structures (without any terrain information) is shown in Figure 14.
Laxá II dam is furnished with an overflow gate (flood gate) between the gate house and the free
overflow crest, a high level gate and a low level gate under the gate-house and one small gate
drawing water from a trench just upstream of the trash rack. The intake gate is located downstream
of the trash rack. A “skirt wall” separates the intake bay from the head-pond. Vertical steel bars are
located under the “skirt wall” to prevent large floating objects and ice to pass under the “skirt wall”.
There is also a surface outlet, controlled by stop logs, in the corner between the trash rack and the
“skirt-wall” through which surface water from the intake bay can be passed downstream.
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Figure 15: Dam, intake bay with “skirt-wall” and water and ice passage arrangements at Laxá II Dam
There is no facility for letting the entire river flow by-pass the intake in an “as-before-situation” for
normal to higher river discharges. Efficient sediment flushing, which requires a low upstream water
level and a closed intake, can therefore not be implemented with higher river discharges.
The flip bucket of the spillway on the dam has damages as it can be observed in Figure 16. This is
most likely caused by freezing action and not by cavitation or sediment wear. It seems that it is
concentrated on one section of the dam which may have had poorer concrete quality than the other
sections initially.

Figure 16: Damages at the flip bucket of spillway at Laxá II dam
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3

Sediment Related Problems at Laxá Hydropower Scheme
The sediment related problems at Laxá Hydropower Scheme are addressed by (Gunnarsson, 2012)
reference is made to Chapter 2 in Appendix 2 where the findings prior to the field visit are
summarized. The bulk of the sediment load which is transported by the river into the head-pond of
the Laxá III dam is passing through the intake, the headrace tunnel and the turbine as there is no
efficient and “easy to operate facility” for bypassing the sediment load of the river. Sedimentinduced erosion has been observed in both Laxá 3 and Laxá 2 turbines as shown in Figure 17.

Figure 17: Upper: replaced runner from Laxá 2 with signs of sediment-induced wear. Lower: the
runner of Laxá 3 from an inspection of the turbine on 5th April 2011 (Ref. 3).
3.1

Sediment sources and sediment transport in Laxá
The documentation from sediment sampling as well as reports from the operation of the powerplants reviles that both relatively fine sediment load (sand and silt) as well as large particles as gravel
and stones have passed through the turbines.

3.1.1

Sources of Finer Sediment, i.e. Sand and Silt
It is believed that the main sediment source is the steep slopes along the Laxá valley. The erosion is
believed to take place during heavy rains and snow melt. Snow avalanches as well as mass wasting
(slow land-slides) may also play an important role with respect to feeding the river with sediment
from the valley slopes. The slopes shown in Figure 18 and 19 are very subjective to erosion and an
unlimited sediment source to Laxá.
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Figure 18: Valley slopes on the eastern side of the Laxá valley upstream of the Laxá III dam

Figure 19: More sediment yielding valley slopes in the Laxá valley upstream of the Laxá III dam
The discharge of the Laxá river is more constant than for most rivers due to the subsurface inflow
from Mývatn through porous lava rocks. So even if the discharge of the main river varies very little,
the discharge in the streams draining the catchment downstream of Mývatn is expected to vary from
close to nothing to substantial discharges during snow melt and heavy rains. The fluctuations in the
discharge of Laxá river is mainly contributed by these tributaries and the variation in discharge in
Kráká river. The surface outlet from Mývatn is controlled by the outlet works, but the variation in
release here is rather small and slow.

Figure 20: Sediment deposits in a small right bank tributary to Laxá River close to the dam
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Figure 21: Sediment deposits along the bank of Kráká River upstream of Mývatn
Even if large floods are rare in Laxá, the river carries the sediment load supplied to it as there are no
lakes or reservoirs where it can settle for a long time. Floods may play a smaller role than normal, but
ice may play a larger role than normal, in the sediment transport pattern in Laxá. When the river is
partly frozen and small ice dams are formed, the velocities in the opening between the ice and the
bottom may increase drastically locally, causing local scour and bringing bed sediment into
suspension.
Suspended sediment has been sampled at Helluvað gauging station, which is located just
downstream of the confluence between the outlet of Mývatn and Kráká river. The sampling site is
the bridge crossing the river upstream of Helluvað. A rating plot of all observed suspended sediment
concentrations and the corresponding river discharges is shown in Figure 22. To illustrate the poor or
non-existent correlation there is between discharge and concentration it is seen that the lowest
observed concentration of 3 mg/l has the same or slightly higher corresponding river discharge as the
highest observed concentration of about 300 mg/l in this data population.
The observed particle size distribution of the suspended sediment is shown in Figure 23, which
reveals that nearly 60% of the observed suspended load is sand.
The gauging station at Helluvað is located where the sediment rich water from Kráká is mixed with
the sediment free water from Mývatn. It is believed that observed concentrations both upstream in
Kráká as well as further downstream in Laxá close to Laxá III dam would show higher average
concentrations in general.
Bed sediment may also freeze and thus bound to larger ice-blocks which will be transported
downstream when the ice cover brakes up. This mechanism is believed to be the way large gravel
and stones are transported into the head-pond of Laxá III dam.
It is not easy to determine the sediment yield in Laxá, due to the mixed sediment transport pattern.
Sediment yield estimates based on suspended sediment sampling campaigns will most likely
underestimate the sediment load. This is due to the poor correlation between the sediment load and
the river discharge, and that the sediment supply mechanisms are guided by very local conditions in
many small tributaries along the valley. Large quantities of sand may also be transported as bed load
and thus not be measured by a suspended sediment sampling programme.
It is impossible to prevent sand and silt from entering the Laxá III head-pond. From a practical
hydropower operations point of view, it is more important to design a robust sediment and ice
handling arrangement for the Laxá hydropower scheme than to study the sediment transport pattern
in great depth. We know that the sediment load is too high to accept that it passes through the
turbines. At the same time we know that close to 100% of the sediment load of Laxá upstream of the
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dam will end up in the river downstream of the power plants in the long run. It is not realistic to
extract a substantial amount of the sediment load and deposit it on land. The challenge is to
minimize the amount of the sediment load passing through the turbines of the power scheme and
maximize the amount which by-passes the turbines.

Figure 22: Observed suspended sediment concentrations and river discharges at Helluvað in Laxá

Figure 23: Observed particle size distribution of suspended sediment at Helluvað in Laxá
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3.1.2

Sources of Larger Sediment, i.e. Gravel and Boulders
Boulders have been observed in the waterways of both Laxá 3 and Laxá 2 hydropower plants. More
than ten stones were found in the spiral-casing of the turbine itself at Laxá 3 on the event 22nd March
2011. These stones are estimated to be in the range from about 50 mm to 300 mm, based on the
video recorded on the event. These particles may have been transported all the way from the headpond to the turbine, but it is more likely that they come from the surge shaft. The mechanisms which
have transported these stones to the turbine is addressed below.

Hypotheses 1: Large particles enters the waterway through the intake from the head-pond
The same intake structure is serving as the intake to Laxá 3 and Laxá 1 hydropower plant and as a
flushing channel for the reservoir. While the velocities are small and unable to transport gravel and
boulder during normal operation of the intake, the velocities are high and enabling transport of
gravel and stones when it is operated in flushing mode. The trash rack at the intake has an open
section in the bottom. This allows particles larger than the light opening of the trash rack to pass
under the trash rack. The reasoning behind this design is most likely linked to the high velocities
which will occur during flushing. If the entire section was furnished with a trash rack, it would most
likely clog up during flushing. Photos from inspections of the tunnel between the intake gate and the
bifurcation point reveals that the concrete tunnel floor has been severely damaged. This is believed
to be caused by the flushing operations.
Ice blocs containing gravel and stones may have a density close to the density of water. Blocs
containing large particles and ice may therefore be transported as bed load throughout the headrace
tunnel and end up in the turbine even though these particles would not be transported individually
due to their weight.

Hypotheses 2: Large particles enters the waterway through the surge shaft
The drawing Figure 4 is extracted from shows also a longitudinal section through the waterway. This
is shown in Figure 24. The plan included a “superstructure” on top of the surge shaft which would
prevent surface water to enter into the surge chamber. Figure 25 shows the present situation on top
of the surge chamber which also is an unfinished structure. There is no structure to prevent material
from sliding into the surge chamber during snow melt or heavy rains. Ground water is furthermore
drained into the surge chamber through cracks in the rock. The ground water will freeze as it is
subjected to the air temperature during winter and ice bodies will form and be hanging from the side
walls until they become so heavy that they break off and fall into the surge chamber. Pieces of rock
may break off and fall into the surge chamber together with the ice.
The water standing in the surge chamber will be exposed to the air temperature as well as to
radiation to the sky during the long winter nights. When the surface temperature is below 4 degree
centigrade, the density is lower than the somewhat warmer water below and the temperature
gradient will prevent the surface water from mixing with the heavier water below. If the water
withdrawn from the river contains ice, the ice will tend to accumulate in the upper part of the tunnel
as it has a lower density than the rest of the water in the tunnel. The gradient of the tunnel increases
from the point where the surge chamber is connected with the headrace tunnel. There is therefore
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hydraulically a high break here where ice will tend to accumulate as air also would do when the plant
is operated normally.

Figure 24: Longitudinal section of the waterway as designed for the Laxá III high dam

Figure 25: Surge shaft opening as it is today
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Some of this ice may settle sideways and upwards into the surge chamber and give momentum to
the formation of an ice cover in the chamber. This ice cover will bind itself to the rock surface in the
chamber and break down the rock as the water in the cracks in the rock will expand and slowly cause
fragmentation of the rock. Large forces will occur when the ice surface starts to move up and down
due to surges in the water ways when the load changes. Pieces of rock will break off and sooner or
later be transported into the tunnel and the turbine due to surges or together with ice blocks.
Laxá II Dam
Large particles in the range 0.2 to 0.5 m are also found just upstream of the trash rack at the Laxá II
intake. These particles can only pass the trash rack if they are subjected to very high velocities or
bound to ice. The trash rack bars had initially a spacing of 100 mm, but they were replaced by new
racks (with bars cc 500 mm) after the first winter due to ice-production on the rack itself. The
sediment flushing arrangement with the trench and the small gate can only have a chance to move
these particles when the water level is close to the bottom of the forebay and there is open channel
flow in the trench, which never happens.
These large particles are most likely transported by ice. They may come from the river upstream, but
it is more likely that they are eroded from the banks of the forebay and the head-pond. Figure 24
shows that the stone masonry lining of the bank of the forebay is damaged and many stones have
been removed also from the stone-lined right bank of the head-pond as shown in Figure 25 as well as
Figure 13.

Figure 26: Damages of the stone masonry lining along the right bank of the forebay
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Figure 27: Damages of the stone masonry lining along the right bank of the head-pond
Ice in action in the head-pond and the forebay of Laxá II dam is shown in Figure 28. This is the most
likely mechanism to transport stones and gravel from the banks of the head-pond to the intake trash
rack.

Figure 28: Ice action in the head-pond and the forebay of Laxá II dam (Ref. 3)
3.2

Experiences with Sediment Handling at Laxá
The Consultant has only visited the Laxá hydropower scheme for two days and has no experience
from sediment handling at the plant. The comments given below is based on his interpretation of
information given to him from Landsvirkjun via documents, drawings, photos, videos and from
talking with the staff at Laxá in addition to the information he has deducted from the observations
he made at the site. This does therefore not represent the full picture and additional information and
corrections are welcomed. This presentation of the present situation is first of all a basis for the
recommendations given in the next chapter on how sediment handling at Laxá can be improved.
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3.2.1

Laxá III Dam
There is no facility to continuously abstract the sediment rich bottom flow as the flow approaches
the intake and thus exclude a substantial part of the sediment load, especially the coarser sediment
fractions, from the flow at the intake site. The only way to exclude sediment load is therefore to
periodically flush the head-pond (i.e. “the reservoir”).
The trapping ability of the head-pond of Laxá III is initially significant, but the storage ability for
trapped sediment is limited and considerably smaller than for Laxá II dam. The velocities through the
head-pond are much higher at Laxá III then in Laxá II. If the head-pond is not flushed relatively often,
the major part of the sediment load, sand and coarse silt, will travel through the head-pond and be
transported to the power plants in operation, Laxá 1 and/or Laxá 3. The sediment load contains little
fines, i.e. fine silt and clay, so the water may look relatively clear even though it is transporting
considerable amount of sand and coarse silt.
The low level gate in the dam (shown in Figure 10 and Figure 30), which is the simplest and to most
outsiders, the first choice for flushing sediment deposits from the head-pond of Laxá III dam, has not
been used to flush sediment deposits during the time Landsvirkjun has operated the plant, may be
never(?). Since Laxá 3 was constructed, the diversion tunnel has been the designated tool to flush
sediment because the high dam would come sooner or later and the bottom outlet gate in the dam
could then not be used. So it has been deactivated rather than upgraded for flushing purposes.
The diversion tunnel has been used to successfully flush some of the deposits in the upstream
reservoir through the intake. The damages to the floor in the tunnel as well as the sediment induced
wear of the flow-splitters at the downstream end of the spillway-chute downstream of the radial
gate are proof of the large quantities of sediment which has been flushed at high water velocities.
The sand trap downstream of the bifurcation of the headrace tunnel has as far as we understand
been less successful in abstracting substantial quantities of sediment because it is small with very
limited trap efficiency, but also because there is no easy way to unload sediment which may be
trapped there. When a sand-trap is filled with deposits, its trapping ability goes to zero. The sand
trap has therefore had no significance except may be retarding or stopping some larger particles
from moving downstream towards the turbines.
So even if large quantities of sediment has been flushed and thus bypassed the turbines, the erosion
of the penstock, the butterfly valve, the spiral-casing, the stay vanes, the guide vanes, the runner and
the labyrinth seals of the turbine gives evidence for the following statement: The major part of the
sediment load in Laxá river has passed through the turbine of Laxá 3 hydropower plant. A Francis
turbine with a head of only 30 m has normally a relatively high capacity to pass suspended sediment.
The fact that the turbine is designed for a higher head and thus must operate far out of its best-point
has made it more vulnerable to sediment-induced wear than what would have been the case if the
turbine was designed for the actual head.
When it comes to passage of ice, the Laxá III dam has several challenges. The tools the operators
have to use are limited to the two small overflow gates, one outside (ísloka II) and one underground
at the trash rack location (ísloka I). None of them have favourable hydraulic conditions, they are
small and the gap between the water surface and concrete structures above are very narrow. It
requires a substantial work force and machinery to pass ice through these sluices and thus keep the
plant running and prevent the intake trash rack to clog up during severe weather conditions. The free
overflow section of the dam is located far from the intake and has limited impact on ice conditions at
the intake site as long as the plant is in operation and consumes the bulk of the river flow.
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3.2.2

Laxá II Dam
There is no facility to continuously abstract the sediment rich bottom flow as the flow approaches
the intake and thus exclude a substantial part of the sediment load, especially the coarser sediment
fractions, from the flow at the intake site. The low level gate under the gatehouse and the sediment
flushing arrangement at the trash rack location can only remove sediment very locally near the gates
when the plant is operated at normal water levels and these gates are open. The water velocity in
the pond generated by these gates will only be sufficient to transport sediment in the vicinity of the
gates where the water is accelerated towards the gate. Almost all water passing through the trash
rack will be out of reach of these two gates. The only way to exclude sediment load is therefore to
periodically flush the head-pond (i.e. “the reservoir”).
In (Ref. 4) it is reported that a net volume of 1,300 m3 of deposits were flushed during a flushing
operation in 2012, based on bathymetric surveys of the reservoir before and after a flushing. If
flushing of Laxá III dam took place at the same time, the amount of sediment removed from Laxá III
dam shall be added to these 1,300 m3 which was removed from Laxá II reservoir.
The capacity of the bottom outlets are limiting the flushing efficiency of Laxá II dam as sediment
eroded from the upper part of the pond will deposit in the downstream part as soon as the water
level rises. According to (ref. 2) the outlet capacity is 63.4 m3/s when the upstream water level is at
elevation 66.5 masl.
There are several facilities for release of surface water at Laxá II dam when the water level is just
below the crest of the dam. Two of them are gated sluices. These are shown in Figure 12 in Section
A-A which, is one of the two gates under the gate-house and referred to as ísyfirfall in [2], and
Section C-C, referred to as Flóðgátt in [2]. These gates will be referred to as the ice-sluice which has a
sill at elevation 68.0 masl and a width of 2 m, and the flood-sluice with a sill at elevation 66.5 masl
and a width of 8 m. Reference is also made to Figure 15 where these outlets can be seen in the upper
left corner. The flood-sluice gate is an overflow gate while the ice-sluice gate is an underflow gate.
The ice-sluice is located next to the downstream end of the skirt-wall which is a good location for
passage of drifting ice. It is, however, narrow and must be fully open to pass water in free-surface
flow mode. Larger pieces of floating ice may therefore easily bridge over the sluice and clog the
sluice with respect to ice passage.
The flood-sluice is also located in a good position for passage of ice. The width is 8 m and water and
ice can pass over it. As far as the Consultant understands, it is not used for passage of ice, which is
understandable.

Figure 29: The flood-sluice-gate with damaged downstream apron made of wood-staves
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As seen in Figure 29, the gate is in a poor condition. The steel frame supporting the downstream
apron is damaged and many wood-staves are removed. If water is running over this gate for passage
of ice when the air temperature is well below zero and the water temperature is close to zero, the
temperature of the structures and the gate itself will also be below the freezing point. Water will
therefore freeze as it hits the steel and concrete structures. Ice blocks will jam the wood staves and
the hoisting mechanism of the gate. The cracks in the steel structure under the wood staves indicate
that large forces have occurred from ice directly or as a result of an attempt to manoeuvre the gate
in a frozen condition. As it is today, the flood-sluice-gate is therefore not an appropriate tool for
passage of ice.
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Recommendations

4.1

General
Laxá hydropower scheme is very special. It is most likely the most complicated hydropower scheme
in Iceland with many components and a lot of operational and maintenance difficulties, but it
remains relatively small with a capacity of 27 MW. Many components are old and in need of
maintenance and rehabilitation. It is, however, not advisable to just rehabilitate the scheme
component by component. An overall plan for upgrading of the scheme is required based on a
holistic design approach. This issue is addressed further under the recommendations under the long
term perspective below.

4.2

Short-term Perspective
The framework for the recommendations given within the short term perspective is as follows:




4.2.1

No re-design and reconstruction of the dams are done
The plants shall not be closed down for more than a couple of days to inspect and investigate
crucial components and/or install new sediment measurement and handling facilities
Data, information and experience needed for a comprehensive upgrading study of the plant
shall be collected

As built drawings
It was not possible to find complete drawings and other relevant information on the Laxá III dam as it
is today. Ref. 2 includes no drawings of the dam and the intake arrangement, except the overall
layout drawing shown in Figure 1 and 2 and a section drawing of the ice-sluice. It is likely that more
information are available somewhere in the system (as shown in Figure 30), but undocumented
modifications has most likely been implemented, the hoisting arrangement at ísloka II shown in
Figure 9 which is different from the drawing shown in Ref. 2 is an example of that. Two drawings of
components of the Laxá III dam found at Landsvirkjun’s office in Reykjavik are shown in Figure 30.

Figure 30: Drawings of bottom outlet gate and a closed bay in the Laxá III dam
4.2.2

Inspection and/or testing of important components
It is recommended to collect all available information and thereafter inspect the following
components.
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The surge chamber at Laxá 3 hydropower plant
The bottom outlet of Laxá III dam, including the geometry of the bed upstream

When the surge chamber is inspected, arrangements for removal of stones and gravel which may be
found on the platform where the diameter of the surge chamber changes from 13 m to 4-6 m as well
as in the tunnel system connecting the surge chamber with the headrace tunnel should be made. The
geometry of the connection between the surge chamber and the headrace tunnel shall also be
documented as this is important for how ice and air moves in the tunnel system. Each stone which
may end up in the turbine is a potential risk for the turbines safety and efficiency as such, but also a
possible generation loss risk which may lead to an emergency closedown of the plant.
4.2.3

Sediment and Discharge Measurements
It is not so easy to find a site with good accessibility where representative water samples for
sediment analysis can be retrieved with a high frequency, also during the winter. It is therefore
recommended to install an arrangement in the manhole between the butterfly valve and the turbine
in Laxá 3 hydropower plant. The location is shown in Figure 31. We would recommend that manual
samples are taken initially and that a laboratory for analysis of the suspended sediment content by
use of the filtration method is established at the site. This will make it possible to take frequent
samples for a time to see if the concentration varies rapidly or not. Samples for particle size
distribution analysis and mineral content analysis can be taken to Reykjavik or another place for
analysis. The sampling pipe arrangement installed in the manhole should however be prepared for
continuous indirect measurement by use of the SMOOTH technology in a branch flow. The
concentrations observed at Helluvað are too low for the SMOOTH measurement concept. If the
manual sampling programme reveals that the concentrations at the Laxá 3 turbine is frequently
above 500 mg/l, it would then be interesting to monitor the sediment concentration continuously
and get data in real-time.

Figure 31: Location for installation of a SMOOTH sediment sampler for manual and automatic
sediment measurements
In order to compute the sediment load through the turbine and in the Laxá river in total, it is
recommended to arrange for corresponding measurement of the turbine discharge and the river
discharge. The turbine discharge can be recorded indirectly through the generator output. It may be
necessary to calibrate this through discharge measurements in the tailrace canal or at the intake. The
river discharge can be observed at Laxá II dam (ref. 2). Landsvirkjun have in-house expertise for
quality control of the discharge measurement arrangements. Multiconsult can assist in establishing
sediment measurement programme and if needed, also provide quality control on the discharge
measurement programme.
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A similar sediment monitoring arrangement, installed at Nathpa Jhakri (1500 MW) hydropower plant
in India, is shown in Figure 32.

Figure 32: Installation of a SMOOTH sediment monitoring rig at a high head Francis turbine in India
4.2.4

Experimental Sediment Handling
Landsvirkjun has already carried out sediment flushing from the two head-ponds and followed it up
with some quantitative research (Ref. 4). It would be of great interest to test out alternative ways to
evacuate sediment from Laxá III reservoir. The most attractive technologies are conventional
reservoir flushing and hydro-suction which is addressed below.
A) Reservoir Flushing
Reservoir flushing at Laxá III dam has so far only be carried out by use of the intake and the diversion
structure as described earlier. This arrangement has several disadvantages and it would be of great
importance to find a way to flush the head-pond without taking the sediment load through the
intake and the upstream part of the headrace tunnel.
There are two existing facilities which could be used for this, i.e. the bottom outlet gate and the bay
closed with stop logs shown in Figure 8. The efficiency of using these two low level openings to flush
sediment around and not through the intake will be very important information for designing a
permanent and robust sediment handling method for Laxá III dam.
Before these outlets are opened, it is important that preparations are done so it is sure that it will be
possible to close these facilities again properly after the flushing operation is completed.
B) Sediment Removal by use of Hydro-Suction
Hydro-suction is an attractive method for removal of deposits from a reservoir while it remains in
normal operation. The hydro-suction sediment removal technique is presented in Appendix 3. This
text is taken from another report where sediment hydro-suction has been proposed for a much
larger hydropower scheme where several dams with sizable reservoirs are planned for a cascade
development in a heavy sediment-loaded river.
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It would be possible to design a hydro-suction rig for the Laxá III dam with a pipe connection through
the vertical stop logs close to the upstream end of the non-overflow section of the dam. It should be
possible to cover an area within 200 m from this point, which is most of the reservoir. It, is, however,
recommended to start with a rig with about 100 m operational radius.
A hydro-suction rig at Laxá II dam will have more head available and can therefore cover a larger
area. A 250 long rig will cover most of the reservoir.
4.2.5

Safeguarding Actions
There are some components of the scheme which can be upgraded more or less immediately as they
will safeguard the plants and prevent further degradation. We believe that it should be done as soon
as possible and that it can be done independent from a more comprehensive study of the entire
scheme.
The Surge Shaft
We recommend Landsvirkjun to start the work as soon as possible on safeguarding the surge
chamber and thus prevent intrusion of snow, ice and sediment into the chamber and the waterway
of the plant which may cause an emergency shutdown of Laxá 3 hydropower plant.
Scour protection of the banks of Laxá II head-pond
We do also recommend Landsvirkjun to carry out works to protect the banks of the Laxá II pond from
further erosion and degradation. This is most important for the eastern slope inside the forebay, but
also for the slope along the road further upstream on the eastern side of the pond.
Upgrading of the flood gate at Laxá II dam
The flood-sluice-gate at Laxá II dam should also be upgrade so it can be used for passage of ice.

4.3

4.3.1

Long-term Perspective
In the long term perspective, permanent facilities for efficient handling of sediment and ice at the
Laxá hydropower scheme should be developed. This will give the operators of the plant robust tools
to handle these challenges efficiently and cost effective. This will require larger investments and
should therefore be studied in the context of a general upgrading and rehabilitation of the scheme.
Conceptual Design of Sediment and Ice Handling Facilities at Laxá
A conceptual hydraulic design of sediment and ice handling at both Laxá III and Laxá II dam should be
carried out. It will most likely be useful to test some aspects of the conceptual design in a hydraulic
model study to secure high performance. This is more important at Laxá III than Laxá II as the headpond is shallower and the influx of ice and larger sediment particles are not restricted by an
upstream dam as the case is for Laxá II dam.
Multiconsult would be happy to carry out this study in cooperation with experts within Landsvirkjun.
This can be done as a part of the feasibility study addressed below or as a separate study to provide
input to the feasibility study.

4.3.2

Feasibility Study on an Upgrading of the Laxá Hydropower Scheme
We recommend that a feasibility study is carried out to make sure that an upgrading is technically,
economically and environmental feasible and thus economically more attractive than to allow the
scheme to fadeout in a planned and safe manner.
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Sediment and ice handling are important issues in order to secure the income side through
minimization of generation losses. When an overall plan is approved and adopted, then the
upgrading of the scheme can be done component by component or as a more concentrated
reconstruction programme.
Multiconsult will gladly cooperate with Landsvirkjun in this respect. We can carry out complete
studies on all levels or take part in a study together with experts within Landsvirkjun in various fields.
The most important disciplines where Multiconsult has top qualified staff on international level,
relevant to a feasibility study of the Upgraded Laxá Hydropower Scheme, are:







Civil & hydropower engineering with expertise in planning, design and optimization of
hydropower plants
Hydraulic engineering with expertise in ice and sediment handling
Dam & dam safety assessment engineering
Mechanical engineering with expertise in design and upgrading of turbines and gates
Electrical engineering with expertise in generators and power plant control systems
Geotechnical engineering with experience from cold climate conditions

Multiconsult does also have experts within associated fields like physical and numerical hydraulic
modelling, hydrology, hydrometric systems, engineering geology & tunnelling, economy,
environment, construction planning, costing & scheduling, small hydropower, construction
supervision etc. We would all be happy to continue our cooperation with Landsvirkjun on Laxá as
well as other hydropower plants in Iceland.
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Appendix 3: Sediment Handling by Hydro-suction
Dredging and Hydro-suction
Under-water excavation of bed deposits by use of mechanical equipment of various kinds is
synonymous with dredging in this report. Various methods are applied for the excavation
part as well as the transport and deposition of the excavated material. The difference
between dredging and hydro-suction is the energy source for the excavation process, but
there is definitely overlapping between them. The main power source for hydro-suction is
the hydraulic energy head created by the dam while dredging has external power source
both for cutting and transportation of the excavated sediment. Some will argue that hydrosuction is one speciality within the dredging technologies. The dredging technologies are
mainly developed within the fields of costal engineering, marine offshore engineering and
the mining and mineral processing industries. Hydro-suction has been developed mainly for
use in water storage reservoirs behind dams.
Pipeline

Several methods can be adopted for cutting deposited sediment as well as transport and
deposition of the excavated sediment load. Deposition of excavated sediment on land is not
realistic within the context of sediment handling at most reservoirs. Transport of sediment
and water slurry in pipes to the river downstream of the dam is referred to as hydrosuction. Re-deposition of excavated sediment inside the dead storage of the reservoir is
referred to as dredging. Nevertheless, a hydro-suction rig can be furnished with a
mouthpiece from the dredging industry where the mouthpiece is referred to as a cutter
head or a jetting head.

Advantages

Sediment removal from a reservoir by use of dredging or hydro-suction has several
advantages compared with reservoir flushing. The most important is that it is not necessary
to empty the reservoir before sediment removal takes place as it is with conventional
reservoir flushing. Sediment removal can furthermore take place during all normal
operation water levels.

Economy

The sediment concentration in the water used to excavate deposits and release the slurry in
the river downstream of the dam is high. The water consumed by a hydro-suction rig is
therefore limited. The water losses associated with reservoir flushing is within another
order of magnitude. Hydro-suction can work at all water levels in the reservoir and use
minimum release flow or more than that in periods where water will be spilled anyhow
during the spillway of the plant.

Environment

As the excavation of deposits by hydro-suction is controlled; sediment load can be fed into
the river downstream of the dam to obtain an acceptable sediment concentration in the
river further downstream. Sediment can also be temporarily deposited downstream of the
dam where it can be picked up by flood water released through the spillway of the dam.
That will secure a more normal sediment concentration in the flood water and reduce the
risk of degradation of the river bed and scouring of river banks downstream of the dam
during flood events.

Sustainability The prospect of having a sustainable water storage reservoir is the most attractive feature
of a reservoir with an efficient sediment removal system both in economic terms as well as
environmental terms.
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Adopted Approach to Reservoir Sediment Handling
There is no well-proven technology which can guarantee long term sustainability and costeffective sediment handling at the reservoirs. Nevertheless it is likely that this can be
achieved through up-scaling and further development of known technologies.
The study approach has been to provide the operator of the power plants with all available
tools for sediment management within a realistic technical, economic and environmental
context. The plants will then be able to make use of the best available technologies today
and develop the most attractive ones further for the benefit of the project in the long term.
Objective

The objective with the adopted sediment management strategy is to obtain long term
sustainability of the scheme with optimum sediment handling as well as operation of the
reservoirs within a context of the best technical and environmental practice, not only today,
but for years to come.

Alternative

The recommended alternatives for sediment management in the reservoirs are therefore to
maintain the possibility of implementing conventional reservoir flushing by converting the
diversion tunnels to relatively sizable bottom outlets which facilitates reservoir flushing if
possible and to make all necessary preparations for using hydro-suction. Hydro-suction is
seen as the most promising technology for sediment management at all plants. In the
following part of this document, the hydro-suction sediment removal system is addressed
further.
General

Pipe-flow

Transportation of sediment suspended in water through a pipe is a well-known hydraulic
phenomenon. It has been used for a long time in the mining industry as well as in costal
engineering in connection with dredging and/or land reclamation. Free surface and
supercritical flow condition is the most effective mode of transport while full face flow is
the most flexible mode of transport as the pipeline does not have to run with a constant
slope within the reservoir. The pipeline will furthermore not be subjected to varying
buoyant forces due to various combinations of water, sediment and air inside the pipeline.

Figure 1: Conceptual Sketch of a Hydro-suction arrangement (H.S. Shrestha, 2012)
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Concept drawings of a hydro-suction rig are shown in Figure 1 and Figure 2. The main
components of a hydro-suction rig is the suction head or the mouth-piece with its system
for positioning itself inside the reservoir, the flexible pipeline which connects the suction
head with the fixed outlet arrangement and the downstream flow control arrangement
from which the sediment rich water flow is released to the river downstream of the dam.
Status

Hydro-suction is a relative new and immature technology. Most of the available experience
is from projects where hydro-suction has been used as a second option to improve the
performance of reservoirs where sedimentation rates has proven to be higher than
expected and where other methods has not performed satisfactorily.

Figure 2: Concept drawing of a hydro-suction rig
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