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2.1 DRAINAGE AREA

Fig. 2-1 shows the drainage area. The inset shows its
geographical position within Iceland. Its size abovg the site of
the proposed diversion dam at Arhraun is 4360 km4. Its
elevation ranges between 48 m at the damsite and 1765 on the
Hofsjokull ice cap. The hypsometric curve in Fig. 2-2 shows
for each elevation the percentage of the total area lying above
that elevation. -

No long-term meterological observations are available from within
the Hvita drainage area above the damsite. The monthly mean
temperature and precipitation at the meteorological observation
post Hall lying close to the eastern water divide at el. 140 m are
as follows (30 year means 1901 -1930}.

Month Precipitation ‘ ‘Temperature
millimetres degrees Centigrade

September 115 7.1
October 110 3.4
November 90 0.3
December 95 -0.9
January 75 -1.8
February 75 -1.2
March 75 -0.8
April 65 1.4
May 60 5.5
June 65 9.5
July 70 11.4
August 60 9.9

3.7

Year 955

About 690 km2 or 16% of the drainage area above the damsite is
glaciated. The glacier melt contribution to the flow is usually
confined to the three summer months June, July and August, its
maximum usually in July or August. The two tributaries Bruara
and Tungufljét are both mainly spring-fed rivers with a very
constant flow, and contribute greatly to the winter flow at the
damsite. Other tributaries carry mainly surface run-off or snow
melt and their flow, therefore, tends to be high in spring and
normally wet summers but low, sometimes negligible, in sustained
frost periods in the winter, and summer draughts.

Lakes cover an area of 51 km2 or 1, 3% of the drainage area.

The principal lake is Lake Hvitirvatn at the southeastern margin
of the Langjdkull ice cap, 28 km2 in size. Lake Hvftirvatn has
a great natural regulating effect upon the discharge of Hvita River,
principally by storing the meltwater from the ice cap for release
during the winter. The drainage area above the outlet of Lake
Hvfitarvatn plus those of the two spring fed rivers Briard and
Tungufljét amount to 2000 km2 or 46% of the total. It is from
these three sources that River Hviti derives most of its base
flow.
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2.2 STREAM FLOW

2.2.0 Flow Data Available

No water gauge has been installed at the damsite, but the stream
flow there has been computed from data furnished by water gauges
Nos 2 and 64 (see Fig. 2-1), where records are available for 20
and 10 years, respectively. Therefore, stream-flow data are
available for 10 years {1950/60) at the damsite. The mean
discharge (MQ) for this period is 270 kl/s, corresponding to a
mean annual yield (M 2aQ) of 8492 Gl and a mean specific
discharge of 62 1/s pr. km2 of drainage area.

The tables in Figs 2-4 and 2 -5 show monthly means of dlscharge
(kl/s) and monthly yields (Gl) for the whole period of records
(1950/60). Figs 2-6 and 2-7 show weekly averages of discharge
for the water years 1950/58, and Fig. 2-8 shows a flow duration
curve and flow utilization curve for the same period (50/58).

The latter curve shows for each discharge the area below the

flow duration curve up to that discharge, expressed as a percentage
of the total area below the curve. Fig. 2-9 shows flow regulation
curves for each of the water years 50/57 to 57/58, and, finally,
fig. 2-10 shows cumulative storage curves, based on the regulation
curves. These curves show the amount of storage, expressed as
a percentage of mean annual yield (ME aQ, vertical scale)
required to ensure in a given percentage of years (horizontal
scale) a uniform discharge equal to any given percentage of the
mesan discharge (curve parameter).

2.2.1 Floods

The greatest floods in Hv{ti River at the damsite observed so far
are 2500 - 3000 kl/s (in 1930 and 1948); 2000 kl/s ( Febr. “60) and
1100 k1/s (Jan. “61). All these floods occurred in winter and
were of the so-called winter flood type. Such floods are caused
by a sudden inrush of humid and warm air masses from the
Atlantic into the snow-covered basin, causing intense snow melt to
coincide with heavy rainfall. As the frozen ground is highly
impermeable, the result is a fairly sharp flood peak.

There are also other types of floods, such as those caused by
snow melt in the spring or by rainstorms, but they are usually of
a smaller magnitude than the winter floods. Finally, there are the
so-called glacier bursts, which may be due to either the failure

of an ice dam holding up a lake, or to subglacial volcanism.

There are no evidences of glacial bursts caused by volcanism
within the Hvitid drainage area nor any records thereof in
historical times although Icelandic annals frequently mention glacier
bursts in other, sometimes more remote, parts of the country.

A burst caused by release of water from an ice-dammed lake, on
the other hand, occurred on Sept. 16 1929, when ab. 55 Gl of
water flowed from Lake Hagavatn through Lake Sandvatn to Tungu-
f1j6t and Sanda Rivers in ab 24 hours. ‘

Flood data are still too meagre to base frequency stud1es upon
them. However, from the observed floods on the one hand and



on the other hand from the absence of glacial bursts due to
subglacial volcanism, the order of magnitude of which is known
from observations elsewhere in the country, a reasonable estimate
appears to be ab. 3500 kl/s for 100 years floods

and ab. 4500 kl/s for 1000 years floods
at the damsite.

Fig. 2-11 shows the observed water surface profile of River Hvita
from a point approximately 1 km downstream from the damsite to
I8a, a narrow to the north of Voérdufell, ,near the confluence of
Stora-Laxa. The level surface of the lower part of this reach at
high discharges is due to flooding of the plain on the left side of
the river, and of the low ground separating Hvitd River and Lake
Hestvatn. The lower part of the figure shows the water stage at
different discharges at the tailwater of the proposed plant.

In a 1000 years flood, the water levels will probably be some
0.5-0.7 m above the highest stages shown in the figure.

2.2.2 Low Flow

Owing to snow melt water from the glaciers and from mountains
in the uppermost parts of the basin, the flow at the damsite is
generally lower in frost periods in the winter than in dry summers.
‘Rainstorms are frequent in the autumn. Through groundwater
storage, their effect on the discharge may extend some time into
the winter. The lowest flows occur when a dry summer is
followed by a cold winter without any intervening rain period.
That is what happened in 1950/51, the driest water year of
record in the Hvitd basin (At the Ljésafoss power station on the
Sog, a tributary entering River Hvita some distance downstream
of the Arhraun damsite, where stream-flow data are available
since 1940, 1950/51 is also the driest year of record).

As shown in Fig. 2-3 (table), the lowest recorded daily mean
discharge at the damsite is 70 kl/s (April 13 1951).

The Qg5 is ab. 150 kl/s (Fig. 2-8), and the lowest recorded
monthly mean is 155 kl/s (March 51, see Fig. 2-4).

2.3 ICE CONDITIONS
2.3.1 Diversion Area

Apart from a relatively narrow channel kept open by the water
from Bruara River (temp. 0.2-5°C depending on the weather),
an ice cover is formed in every winter over Hvitd River in the
reach between the outlet from Lake Hestvatn and the mouth of
the proposed diversion canal. The width of the channel is
variable and it is sometimes jammed by sludge which may
couse a rise in stage of some 2 metres. This jam usually is
formed at river km4 -5 upstream from cross section V18 (see
fig. 2~-11),1i.e. at Utverkatunga. The rise is limited by the
following four factors, acting alone or in combinations.
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The water flows over the ice dam.

The river cuts a new irregular channel through the sludge.
Scouring of the sandy river bottom.

The flow of the Hestvatn outlet river is reversed and the water
starts flowing into the lake and into the plain on the left bank.
This causes the level of Lake Hestvatn to rise. At a certain
rise the water flows from the 1lake back to the river along the
route of the proposed diversion canal.

o B =

2.3.2 Lake Hestvatn

An ice cover is formed over the inlets from the lake early in
the winter, with the central area remaining open until later.
After the diversion is completed, this sequence will be reversed.

2. 3.3 Tailwater Area

Ice jams are sometimes formed at the sharp bend in Hvftd River
a short distance downstream from the powerhouse site, causing a
rise in stage of 2~ 3 metres at the mouth of the proposed tailrace
canal.

2.4 FORECAST OF ICE AND SEDIMENT CONDITIONS
AFTER COMPLETION OF THE DEVELOPMENT

2.4.1 Introduction

In the following an aftempt will be made to predict the effect of
the development structures upon the ice and sedimentation regime
of Hvita River at the site. The forecast is based upon the design
of the various structures as proposed by Mr. Thoroddsen in his
Report. A drawdown of Lake Hestvatn for pondage purposes of
1.3 m from a normal operating level at el. 49.5 is assumed.

2.4.2 Back-water Effects

The back-water effect of the diversion dam will presumably extend
somewhat beyond river km 8 (see fig. 2-11). The proposed
rock-fill groin from the left river bank will divide the impounded
water into two parts, upper and lower, which will be connected by
a 500 m wide channel from the end of the groin over to the right
canal bank. The volume of the water stored in the upper part
will be 0.6 Gl approximately. The groin will cause additional
back-water rise in the area above it. The amount of this rise
will vary with the river discharge. Since the threshold between
Lake Hestvatn and River Hvita at the site of the proposed
powerhouse is never overtopped under natural conditions, the
construction of the power plant will cause no back-water rise.

On the other hand, the drawdown of the reservoir and the head
loss in the headrace canal will create a water level at the intake



which is lower than the present natural lake level.
2.4. 3 Ice Conditions After Completion of the Development

2.4. 3.1 Hvitd River Above Diversion Canal

As will be mentioned below, when discussing the sediment
behaviour of the river after development, the 0.6 Gl space above
the rock groin will presumably be silted up in a relatively very
short time. Before this silting-up has taken place, however, an
ice cover will be formed over the river, with occasional thaw-
outs at places in the upper parts caused by the warm Briara
water. Rise in water level caused by ice will be negligible.

After the silting-up, the ice conditions will be similar to those
prevailing at present. Normal rise in stage due to ice will be
ab. 60 cm, but occasionally congiderably more (see fig. 2-15a
and Section 2.3). The rock-fill groin will probably be buried
under ice every winter. It will be exposed to both wave action
and the impact of ice floes. At certain ice conditions on the
river, except for a small part flowing in the outlet channel of
Lake Hestvatn, all the river water will flow over the groin.

All this will greatly endanger its stability. Part of the groin
will probably be buried in sand and only a slight settlement will
result in a continuous overtopping of it by the river.

2.4. 3.2 Diversion Canal

A normal flow velocity of 0.6 m/s, as proposed in Thoroddsen’s

design of the canal is too high for an ice cover to form. A

partial ice cover will be formedrat both banks, with an open

channel in the middle. While the river upstream of the canal is

freezing over, sludge will be carried into the canal from the

river. This sludge will flow under the ice cover along both banks

or is carried into the lake. Only if the velocity falls below

0.5 m/s will the canal freeze over. .Such a reduction in the flow

may occur for two reasons, viz.

1. At times of low load on the plant, with the reservoir in Lake
Hestvatn nearly full.

2. Restriction in the area available to the flow may be caused by
accumulated ice, e. g. near the entrance to the lake, with a
resulting back-water effect extending up through the canal.

As long as the canal retains its original shape, only a small
back-water rise is needed to reduce the velocity considerably or
even to stop the flow altogether. The canal will then freeze over.
As soon as the reservoir is drawn down, the velocity will

increase again to 0.6 m/s and may in most cases reach a
considerably higher value, 1.5 - 2 m/s. For an ice cover to
remain on the canal at 0.6 m/s, the water temperature must be
very close to zero Centigrade. An air temperature of ab. - 20°C,
plus a rather strong wind is required for the temperature of

Hvita River where it flows from under the ice cover upstream of
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the canal entrance to remain below 0.02°C. According to
Norwegian investigations (O. Devik), an open channel is sustained
in a river flowing with 0.6 m/s velocity even if the water
temperature is + 0.02°C only. At a higher flow velocity of course,
the chances that an ice cover can remain on the canal are less
still.

The water level fluctuations of Lake Hestvatn, caused by its use
for daily flow regulation through the power plant will entail
variations in the flow velocity in the diversion canal. This, in
turn, will cause more unstable ice conditions in the canal and
greater back-water effects due to ice than would have been the
case if a constant velocity was maintained throughout the day.

2.4. 3.3 Lake Hestvatn

The proposed diversion of Hvitd River into Lake Hestvatn will
materially alter the ice conditions of the Lake. At present an
ice cover is formed on the inlets in the autumn, while the main
central part remains open until later in the winter. The volume
of the Lake, up to el. 49.5 is 161 Gl. A normal flow of Hvita
River at the damsite at the time when the lake is freezing over
is 140-180 kl/s, corresponding to a complete renewal of the whole
water body in 12 days. After the diversion, an ice cover will
presumably be formed on the central area in early winter, with
parts of the inlets open until later.

This applies to an ice cover formation in calm weather. 1In
periods of snow-storms from the NE, the process would be
different. If, initially, the lake and Hv{ti River are completely
ice free, the sequence of events would be roughly as follows:

The river and subsequently the lake will be cooled down to 0°C;
the formation of ice crystals starfs at the lake’s surface, and
frazil ice is carried into it from the river. The waves prevent
the lake from freezing over, and, instead, the ice is driven by
the wind towards the entrance of the headrace canal at the south-
western end of the lake.

2.4. 3.4 Headrace Canal

In Thoroddsen s design, a skimmer wall is contemplated across
the canal entrance to prevent drifting ice from flowing into the
canal. The skimmer wall should probably lie in a direction
oblique to the flow direction, which could be done by placing the
western anchor farther south than the eastern one. A V-shaped
inlet would thus be formed between the skimmer wall and the
western shore, open against north-east. In that way, the shore
would take up a part of the ice pressure, which would
considerably increase the efficiency of the skimmer wall in
preventing drift ice from entering the canal. Probably, two
skimmer walls should be constructed. .The outer one would then
act as a breakwater.

In discussing the ice conditions likely to be encountered in the
headrace canal, two cases may be distinguished between,



1) the lake is frozen over and 2) the lake is essentially ice-free
and a moderate to strong wind is blowing from the north-east.
In the former case, the water entering the canal from under the
ice cover will have a temperature of about 0.5°C. A simple
calculation will show that, even at a reduced output of the plant,
sufficient heat is carried from under the ice cover to prevent
the canal from freezing over. Some frazil ice and sludge may,
of course, be carried through the canal, but it would be so little
that no operating troubles are likely to result.

The latter case is by far the most critical one. Under these
conditions, the temgerature of the water entering the canal may
be very close to 0°C. Ice formation will probably take place in
the headrace canal. The rate of ice formation may be
considerable for short periods and the thrash racks may get
clogged unless measurers are provided for to heat them. On

the other hand, heating of the thrash-racks will be ineffective to
melt sludge and broken-up ice floes entering the canal from the
lake. The skimmer wall must be relied upon for preventing such
ice from getting into the canal.

2.4.4 The Sediment Problem
2.4.4.1 General

The size of the sediment load of Hviti River at the point of
diversion is not known with any accuracy. The order of magnitude
of the suspended sediment, however, may be estimated from
observations at Gullfoss. Fig. 2-43 shows a sediment duration
curve, based on the flow duration curve plus a relationsship
between discharge and suspended sediment, established by analysis
of 43 samples from the river at different flow. According to the
figure, the average annual suspended sediment load at Gullfoss is
ab. 0.38 Gl or 380,000 m3. Assuming a 30% increase in this
figure to account for sediment brought to Hvita River by
tributaries between the damsite and Gullfoss, above all the Stéra-
Laxa, an average annual sediment load at the damsite of ab.
500,000 m3 is obtained. Comparing this to the 0.6 Gl of water
impounded above the groin, that space will probably be silted up
in the first year or two after completion of the dam.

2.4.4.2 The Channel of Hvita River

As stated above, there will be a channel, 500 m wide and with a
cross section area of 200 m2 approximately between the end of
the rock groin and the mouth of the diversion canal. A discharge
of 260 kl/s, flowing at right angles to the above cross section
would render a flow velocity of 1.3 m/s. Since, actually, the
water flows in a direction oblique to the cross section, the
velocity will be somewhat higher than this. Therefore, even if
the rock groin is constructed after the dam is completed, it

will cause an additional backwater effect, as pointed out previously.
This latter backwater rise will result in a scour of the river
bottom in this section, whereby the backwater rise will be partly
eliminated.
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The material scoured from the river bottom is partly carried past
the canal entrance and deposited in the wtill water downstream of
the groin, and partly carried into the diversion canal. Material is
transported past the canal only when water is spilling over the dam.
A delta will be formed in the area downstream of the rock groin,
with sand-tongues extending in direction to Hestfjall. The front
edge of the delta will be rather steep. The scour process will

be especially effective at discharges somewhat above the normal,
sufficiently high to increase the back-water effect of the groin,

but too low for any substantial backwater rise to take place below
the groin when the dam is fully open.

The position of the groin is at river km 5, fig. 2-11. From that
figure it is apparent that the water level at the groin end will be
at elevation 49.3 m or thereabout at the discharges that will render
the maximum scouring above the groin i.e. only about 20 cm
below the normal operating water level. At such discharges,
therefore, very little scouring of the delta below the groin takes
place.

If the dam could be kept open at discharges well below rated
plant discharge, some scouring of the front edge of this delta will
take place, but since the silt transporting capacity is small at
such discharges, no great quantities of silt will be passed through
the damgates.

When a flood is approaching the damgates will be fully opened.
Under such conditions,, some outwash of silt from the mouth of
the narrows north of the dam will take place. To the north of
the narrows the backwater rise will cause deposition of silt, and
still farther north, scouring will occur until the back-water rise
has reached that far, when, of course, it will stop.

From this it is apparent that a normal operating level of the
reservoir at el. 49.5 m does not permit any effective removal of
the deposited silt by washing it through the damgates. For such
a process to be effective, the elevation of the delta must be
considerably higher than it can possibly become if the reservoir
is normally kept at el. 49.5 m.

In the general diversion area, deposition of sediment takes place
now, under the natural conditions, at or around a flood peak, but
the suspended sediment load is greatest during the ascending limb
of the flood hydrograph and is also considerable although possibly
somewhat less, during the descending limb.

2.4.4.3 The Diversion Canal

As previously stated, a drawdown of Lake Hestvatn of 1.3 m for
regulating purposes is assumed. A corresponding lowering of the
water level at the canal entrance may be ab. 1.2 m. That means
that the water level there will be at el. 48.3 m, i.e, 0.6 m below
the natural water level there at a discharge of 260 kl/s and ab.
1.1 m below the present level of the sand banks. Consequently,
under such conditions, and assuming a flow of 260 kl/s through
the canal, scouring of the sand banks will inevitably take place
and the material be carried into the canal and partly through it



into Lake Hestvatn, where a delta will be formed.

Scour channels, 0.5to 1.1 m deep will be formed in the sand
banks. Gradually, due to deposition of silt in the diversion canal,
its hydraulic capacity will be reduced so that a higher head is
required to drive the 260 kl/s through it. Consequently, as time
goes on, a constant difference in elevation between the canal ends
of some 0.4 - 0.6 m will develop. To a normal level of the pond
above the dam of 49.5 m will then correspond a lake level of
49.0 m.

2.4.5 Combined Effects of Ice and Silt Deposits

Presently, a rise in stage of some 2 m due to ice jamming in the
reach just upstream of the proposed diversion has been observed.
After diversion and when the pond above the rock groin has been
silted up, a similar rise may be expected again. Some ice
jamming may take place in the canal too. As just mentioned the
silt deposited in the canal may cause a head of some 0.5 m
between the canal ends. The combined effect of both ice jamming
and silt may result in a difference in water level between the
northern end of Lake Hestvatn and Hvitd River above the groin
that will frequently amount to 1 m and occasionally to some 3 m.
Some flooding of the river banks will occur under such conditions.

The above is based on the assumption that, once completed, the
canal is left to itself and no centrol structures built into it.
Presumably, such a control would materially improve the canal
performance, both as regards ice troubles and silting. If, on
the other hand, no such control is provided, the above 3 m
difference will inevitably occur and then has to be taken into
account in the planning of the development.
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A)  Synishorn af dtfellingu { kyrrst=du vatni, tekid dr botni:
viksins vid vinstri bakkann milli v-1 og V=2.
A sample of deposit taken from the bottom of still water
in the creek into the left bank between V-1 and V-2,

B) Synishorn dr botni pversnids V-1 150 m frd V-1,
Sample from the bottom of cross section V-1 150 m from.
the bench mark V-1, , :

C) Synishorn dr sandeyri ndl. miSri Hv{td undan Bauludsi.
Sample from a sandbank in the middle of River Hv{td near
Bauluds.
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