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The largest hydro project in Iceland diverted one glacial river into another across watersheds. Both rivers were 

previously turbid and carried substantial amount of silt and other glacial sediments. The receiving river is now 

even more turbid than before, while the other has lost its turbidity. No environmental flow was designed for the 

old riverbed for the project, but minor dam leakage, groundwater, due to the permeability of the bedrock, as well 

as small tributaries, fill it relatively quickly. Fish populations have been monitored since the powerplant started 

operation in 2007. Catch per unit effort (CPUE) data shows how fish stocks, mainly Arctic charr, have decreased 

in the river with increased turbidity, while in the other river, juvenile production and catches of Atlantic salmon 

are increasing. 

 

1 INTRODUCTION  

Glacial rivers in Iceland are generally characterized by high sediment load, large seasonal and daily flow 

fluctuations, and low temperature at the source. The ecology of glacial waters is characterized by low penetration 

of light due to the sediment load, therefore primary production can only take place in the top water layers, very 

shallow bottom areas and on coastal areas. Hydro projects can affect the sediment load in rivers, they may for 

example become less turbid if sediment settles in storage reservoirs or a diverted turbid river may increase the 

turbidity of a less turbid receiving river. Here we aim to compare the findings of the environmental impact 

assessment (EIA) for a large hydro project in Iceland to the initial results of fish stock monitoring after operation 

began. Monitoring of the fish stocks as well as other studies on the effects of the operation are still ongoing.  

 

1.1 The Kárahnjúkar hydropower project 

The Kárahnjúkar hydropower plant (2007), East Iceland, is fed by water from two glacial rivers, river Jökulsá á 

Dal (the western river) and river Jökulsá í Fljótsdal (the eastern river; Figure 1). The origin of both rivers is from 

the Vatnajökull glacier (approx. 8,100 km2). This is the largest hydro project in Iceland and the project is based on 

substantial diversion of water from one glacial river to the other. The western river is dammed with a 198 m high 

rockfill dam, Kárahnjúkar dam, generating the 61 km2 reservoir Hálslón. Water from the Hálslón reservoir flows 

through a 40 km long headrace tunnel to an underground power station. Water from the eastern river is diverted 

from a 1 km2 intake pond trough a 13 km long tunnel before entering the headrace tunnel midway between Hálslón 

reservoir and the power station. The total head at the project is 599 m, capable of generating 690 MW. A tailrace 

tunnel and a tailrace canal take the water back to the course of the eastern river which flows into a glacier-fed lake, 

Lake Lagarfljót. The two rivers then share the same estuary before entering the ocean. 

No environmental flow was designed below the Kárahnjúkar dam, however, minor dam leakage, groundwater, 

due to the permeability of the bedrock, as well as small tributaries draining wetlands, result in flows of about 5 

m3/s, 10-20 km below the dam. 



 

 

1.2 Origin of the glacial rivers 

The western river has its origin at the glacier at around 700 meters above sea level, from there it flows 150 km to 

the sea (Figure 1). The total catchment area of the river is 3.700 km2, thereof 900 km2 is glacier [1]. Close to the 

glacier the tributaries are mainly smaller glacial rivers, but further downstream tributaries are direct runoff rivers. 

The river is very turbid and during 1965-1993 its mean annual discharge of sediments was estimated 7-8 million 

tonnes, with an extreme of 5,000 - 8,000 mg/l during the summer [2]. This makes it one of the most turbid rivers 

in Iceland. 

The source of the eastern river, at the edge of the glacier, is at similar elevation as the western river, but it is 

smaller at the source and less turbid. The total catchment area is 1.050 km2, thereof 150 km2 is glacier [1]. The 

river flows through ponds and wetlands, where very coarse sediment is deposited, and down to the Fljótsdalur 

valley where Lake Lagarfljót catches most of its sediments leaving only the very fine sediment suspended. Most 

of its tributaries are small spring fed streams. 

 

 

 
Figure 1. Map of the area in East Iceland. 

 

2 PRE CONSTRUCTION - ENVIRONMENTAL IMPACT ASSESSMENT 

The aquatic ecology of the affected area was examined in an extensive study for the EIA [3] covering 25 rivers 

and streams and 10 lakes and ponds [2]. The main emphasis was on fish (species composition, juvenile density 

measured by electrofishing, CPUE measured with series of gill nets, age from otolith readings, length, weight, 

sexual maturity and stomach content) and invertebrates (diversity and abundance), as well as several physical 

properties (i.e. Secchi depth, temperature, conductivity, and chemical components). According to the EIA these 

two rivers showed difference in various aspects of their ecology. For example, the water of the eastern river had 

up to four times higher electrical conductivity than in the western river, indicating a potential for much higher 

productivity. The wetlands at the catchment area of the eastern river were rich in life and down on the lowlands 

the eastern river supported population of three spined sticklebacks (Gasterosteus aculeatus), Arctic charr 

(Salvelinus alpinus), brown trout (Salmo trutta) and Atlantic salmon (Salmo salar). The western river on the other 

hand supported little life, with no fish found except in the tributaries. 



 

 

The EIA concluded that by diverting the western river into the eastern, the productivity would go down in the 

eastern river. In the western river, the spillover from Hálslón reservoir, expected through late summer and fall in 

most years, would be detrimental to plants and animals trying to populate what was left of the river. 

 

 

3 POST CONSTRUCTION - FISH STOCKS 

Regular monitoring of fish populations (species composition, juvenile density measured by electrofishing, and 

CPUE measured with series of gill nets, age by otolith reading, length, weight, sexual maturity, stomach content 

and fisheries records) and water characteristics (Secchi depth, temperature and conductivity) since the power plant 

started operation, shows some of the effects predicted in the EIA. As expected the size of fish stocks have 

decreased in the eastern river (Figure 2). Temperature is lower and Secchi depth is only half of what it used to be 

pre construction so productivity has decreased. Moreover, the stomach content of fish has changed and is now 

more based on invertebrates of terrestrial origin, such as beetles and caterpillars, compared to more aquatic based 

before, when chironomids and caddis larvae were more frequent. 

 

 

Figure 2. Catch per unit effort measured in average number of fish in series of gill nets for Arctic charr (black 

bars) and brown trout (white bars). The arrow shows when the Fljótsdalsvirkjun started operating. 

 

The western river has lost its turbidity for most of the year except during late summer when water with fine 

suspended sediment is spilling from Hálslón reservoir. Therefore light can penetrate further into the water. Fish 

have started to populate the river and Arctic charr, Atlantic salmon, and brown trout have started to spawn there. 

The juveniles are able to survive the late summer (3-5 weeks) spillover from the reservoir and further studies on 

the effects of the spillover on algae, plants and invertebrate diversity and production are currently being carried 

out. The conductivity of the clear direct runoff water in the watercourse is much higher than in the glacial water, 

indicating a potential for higher productivity. The direct runoff water has more stable flow pattern than the glacial 

river, leading to higher primary production. These observations make it highly likely, that the watercourse can 

hold exploitable stocks of salmonids. This might in the future give considerable income, from sport fishery, to 

fishing right owners after the watercourse is fully settled by the fish stocks. After the glacial water was diverted 

from the western river, an enhancement program with releases of salmon juveniles and smolts commenced. In the 

last years the salmon rod catch has increased substantially (Figure 3). Atlantic salmon are now caught over 60 km 

from the ocean and density of Arctic charr juveniles are increasing. 

 



 

 

Figure 3. Catch of Atlantic salmon in rod fishery in the western river (Catch in tributaries is included) 

 

4 CONCLUSION 

As predicted in the EIA the diversion of more turbid water from the western river to the eastern river and has 

affected living condition and stock sizes of salmonids in that area. The changes of the western river from a glacier 

river to clear water river have created large areas with potential for reproduction of salmonid species.    

Environmental flows below dams often serve as an important part in maintaining and conserving aquatic life. 

Not having any environmental flow below the Kárahnjúkar dam therefore might have been controversial. 

However, due to the heavy sediment load of the glacial water environmental flow released from the reservoir 

would have kept the downstream water turbid throughout the year. In addition, the fact that algae and animal 

populations were almost only found in the tributaries to the western river, means it may have been the right 

decision. This example from the Kárahnjúkar project shows that decisions on the need and effect of environmental 

flow have to take the origin of the water into account. This is especially important when damming glacial rivers 

and rivers with high turbidity. 
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