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CHAPTER Y

RJUPNADALUR

4,1 Introduction

Rjdpnadalur is a col, located on the northwestern part of the brim
of the Pdrisvatn basin, immediately south of the Har&hausar and
Fremri-Osalda hills. The col runs from the inlet Fl&guvik towards
southwest and opens into a semirounded basin north of the Laundldur
hills. The elevation of the col is about 587 m or about 16 m
higher than the water level of Lake Pdrisvatn. See Exhibits 1.02
and 4.01, |

It is very likely that a temporary storage for the Burfell Power
Plant will be needed very soon, and by excavating a canal through

the Rjdpnadalur col, a storage reservoir is created in the lake ‘basin-

4,2 Geology and Tectonics.

For general description of the geological formations in the area,
see chapter 1. The rock formations found in the Rjdpnadalur area

are the following; youngest on top.

Kaldakvisl Grey Basalt KKG
Hardhausar Andesite HHA
Laundldur Pillow lava LOM
Oséldur Mdberg dsM

Most of the OSM and LOM formations is covered with moraine from the
last glacial period. The uppermost few meters of the moraine form
a loose sandy overburden.  The HHA andesite is mostly bare rock.
The KKG grey basalt is not within the actual project area but

further west.

0s8ldur Méberg: This is the oldest formation in the area. It is
overlain by the HHA andesite to the southeast and the LOM pillow



lava to the south (Exh. 4.01). The OSM mdberg makes up the Os&ldur
hills and most of the bottom of the Rjdpnadalur col. Most of it

is covered with moraine varying in thickness. The canalsite is
almost completely within the OSM-mdberg. There the mdéberg is
tuffaceous, brownish in colour, with abundant joint fillings made
of silt and secondary minerals such as calcite and zeolites. About
2-300 m southwest of hole RD-2 coarse mdberg breccia outcrops in

a few places within the OSM-mdberg. The mdberg is rather sound

and tight, the permeability being 3-30 LU and the core recovery

was near 100%.

Laundldur Pillow lava: This formation makes up low cliffs of
pillow lava at the lake shore south of Fl&guvik. The rock is
slightly porphyritic; contains small feldspar phenocrysts. This
rock was found at the bottom of hole RD-3, about 9 m below the
watertable of Périsvatn. The hole reaches only 1 m into the surface
of the pillow lava, the uppermost part of which is probably badly
broken up as only a few fragments of the core were obtained, the

core recovery being about 30%.

Hardhausar Andesite: This formation makes up the northwestern
shore of Pdrisvatn. It consists of a few lavaflows, intermediate
in composition, showing strong flow banding which causes horizontal
cleavage, or "basal cleavage" in columns where the andesite is
columnar. This causes the andesite to weather out as large flakes
or slates. A sheet of reddish contact breccia found in the cliffs
at the southwestern end of the andesite formation shows the
extrusive character of the rocks. The andesite is not on the
canalsite itself, but right beside it and talus debris, consisting
of the thin andesite slates, makes up much of the loose over-

burden on the canalsite.

Kaldakvisl Grey Basalt: This formation consists of rather coarse

grained olivine basalt (grey basalt), traditionally called dolerite



in this country. The rock is feldspar porphyritic and shows
ophitic texture. It is most likely from the last interglacial

or even from an interstadial during the last glacial stage, so it
is the youngest rock in the area. These basaltic lavas have

flowed down the present valley of Kaldakvisl. The actual canalsite

is about 3 km southeast from the edge of the grey basalt.

Superficial deposits: In the Rjdpnadalur area these are mostly
glacial and glaciofluvial deposits (Exh. 1.03).

As mentioned before much of the area is covered with moraine
(except the HHA andesite). The moraine has become hardened and
only the topmost weathered overburden can be penetrated by borro
soundings. Table 4.2 shows location and depth of the borro .
soundings, and Exhibits 4.05 to 4.08 show the number of blows
graphically.

In the basin, southwest of the Rjdpnadalur col, and along the
Kaldakvisl river, alluvial sediments make up distinct terraces, so
the Kaldakvisl valley, as well as the Rjdpnadalur basin, seem to
have been filled or flooded with water for some time. The terraces
are generally at 510-520 m elevation. These deposits have been
explained as flood deposits formed in a glacier burst, due to an
eruption in the Brandur volcano at the southeasterncoast of bdris-

vatn (see chapter 1).

The small Flégufit plain at Fldguvik is made up of beach deposits,
mostly slightly rounded andesite slates that have been carried by
wave action from the andesite cliffs north of Fldguvik. The slates
cover the lake bottom 160 m out from the shore to a depth of about

8 meters.

Along the cliffs at the southern edge of the HHA andesite, there

is some talus present, mostly made of andesite slates.



Tectonics: All tectonic lineations in the Rjdpnadalur area have
a SW-NE direction. No recent tectonic activity can be seen; the
youngest one is probably the fault running along the creSt of the
0s8ldur hills (Exh. 4.01). A few faults can be seen within the

HHA andesite, and the Rjdpnadalur col seems to have been formed

due to a fault running along the northwestern coast of the lake.

Exhibit 4.02 shows the location of boreholes and borro soundings,
and Tables 4.1 and 4.2 show the location and depth of core bore-

holes and borro soundings respectively.

4,3 Ground Water.

Two ground water levels have been detected in the Rjupnadalur col.
In hole RD-3, which is right on the beach, the ground water level
is about the same as the elevation of the lake level (Exh. 4.04).
In hole RD-1 two ground water levels were detected. The upper one
is at a similar elevation as the lake level and the lower one is
at an elevation of approximately 559 m, or about 12 m below the
lake level., This one is at a depth where the hole goes through a
joint which has a low water pressure, much less than that of the
surrounding rock, and can receive a lot of water. This ground
water level does not have to be that of the joint itself, but is
probably just the tight lower part of the hole filled with water
up to the joint,

In hole RD-2, which is west of the topographic water divide or
about 600 m from the lake, only one ground water table is present
at an elevation of 579 m or 8 m higher than the lake level. As
the ground water table in the Rjdpnadalur col is higher than the
lake level of Pdérisvatn, there seems to be very little leakage
from the lake through the col. As the rock is rather impervious,

the groundwater flow should be very slow except through major



joints, which probably have their own ground water levels.
Table 4.3. shows elevation. of the ground water table in the
drillholes.

4.4 Canalsite Geology

Section A-A in Exhibit 4.0l shows a longitudinal section of the
canalsite. The top layer is a loose overburden, made of sandy

and weathered moraine mixed with talus debris consisting of andesite
flakes. The seismic wave velocity in this material is 300-500 m/sec.
Beneath this but on top of the bedrock proper, is the unweathered
moraine. It is present in holes RD-1 and 2 where the thickness

was 6 and 3 m respectively. Attempts to get core from the moraine
were unsuccessful, so the holes were drilled with a tricone bit
until the OSM mdéberg was reached. Two permeability tests were done
in the upper part of RD-1, but neither of them was completely within
the moraine proper (Exh. 4.04); the upper one was partly within the
overburden and the lower one included the contact between the
moraine and the OSM méberg. Both tests showed greater permeability
than that of the mdéberg below. The seismic wave velocity in the
moraine has a lower limit of about 1300 m/sec; the upper limit is
rather obscure, but is near 2.000 m/sec. The seismic wave velocity
in weak and fractured rock is inversely proportional to the ability
of heavy equipment ot excavate the rock. In this case a heavy
bulldozer is adequate as has already been proven by bulldozer

trenches in the moraine, both in Rjdpnadalur and bdrisds.

The bedrock proper on the canalsite consists mostly of USM mdberg
but at the extreme eastern end, LOM pillow lava is present. As
mentioned before, the OSM mdberg is a sound and tight rock, the
core recovery being just about 100% and the length of the core
stubs was never less than 15 cm. The permeability tests done in

hole RD-1 showed a permeability of 3-8 LU except in one joint where



the leakage was much greater or 237 LU. In hole RD-2 the perme-
bility was greater or 8-32 LU and even more, close to the surface
of the méberg where it was 101 LU.

Numerous joints can be seen in the mdéberg core from holes RD-1
and 2, especially in the upper part. The joints are most abundant
in RD-1. Most of the joint planes have an inClination near
vertical and near to 45° (see Exh. 4.03). Very few joint planes
are near to horizontal. Fig. a) Exh. 4.03, does not show the
relative amount of near vertical joints in the rock, as the vertical
boreholes are approximately parallel to these joints and do
therefore seldom cut across them. Fig. c) gives a more correct
picture of the relative abundance of each group of joint planes.
The amount of joints in the USM mdéberg in hole RD-2 is similar to
what was observed in this type of rock during the construction of
the Bdrfell Power Plant. The amount of joints in hole RD-1 seems

to be a little more than normal.

The seismic sounding did not detect the boundary between the moraine
and the mdéberg and apart from the loose overburden, the seismic

wave velocity seems to be the same down to 20-30 m depth in each
case. This means that the seismic wave velocity is similar in the
méberg and the moraine, perhaps slightly higher in the former. The
velocity range, according to the tests, 1s from about 1500 to just
over 2000 m/sec. These velocity values may not be very accurate,
since joints in the mdberg may cause some interference. A velocity
of 3300 m/sec was detected at a depth of 21 m near hole RD-1, which
is the depth to the joint mentioned before, where the lower ground
water table is situated and the leakage is greatest. The joint

can cause an increase in the seilismic wave velocity, but, in addition
to this, the core samples show the rock to be more compact below

21 m depth.



Basaltic rocks are assumed rippable with heavy bulldozers if the
seismic wave velocity in the rock 1s below 2350 m/sec and i1n some
cases even if the velocity is higher. Although the méberg chemically
is a basaltic rock, its texture and structure is more like that of
sedimentary rocks, which explains that although the seismic wave
velocity 1is below the value quoted above, ripping tests, performed
with a Cat D8 H bulldozer, showed the mdéberg to be very resistant

to ripping. In the mdberg, blasting would most likely give the

best results,

The bedrock at the easternmost end of the canalsite consists of the
LOM pillow lava. The bottom of the RD-3 reaches the pillow lava

of which the uppermost 1 m is very broken up, giving only about

30% core recovery. No permeability tests were carried out on this
rock, The seismic wave velocity in the pillow lava is about

2400 m/sec. In the lake we have rather thin sediments resting on

moraine or bedrock.



CHAPTER &

BORISOAS

5.1 Introduction.

The Pdrisds area is: to the north of Lake Pdrisvatn, named after

the river Pdrisds, which is the present surface drainage of the
lake. The river flows around the northeastern end of the Innri-
0salda hill, between the hillslope and the edge of a postglacial
lava flow which is one of the Tungnd lavas (see Exh. 1.02 and 5.01)
and meets the Kaldakvisl river north of the hill, about 1 km down-
stream from the westernmost lava tounge. The discharge of Pdrisds
is fairly constant at approximately 5 mg/sec at the outlet of the
lake, but downstream the river is fed by numerous springs that
issue from the edge of the lava, so the discharge increases to
10-15 m3/sec.

Kaldakvisl is a glacial river, much larger than Pdrisds, and has
a mean discharge of about 30-35 ma/sec where the two rivers meet.
Most of its glacial water comes from the northwestern part of the

large ice-cap, Vatnajskull (Exh. 1.,01).

The plan is to dam the outlet of Lake Pdrisvatn and divert the flow
of Kaldakvisl into bPdrisvatn. Two alternatives have been considered,
as to how this could be done. One is by building one dam across

both rivers north of the northeastern end of Innri Osalda (Exh. 5.01
section A-A), The other way is to build two separate dams, one
across each river, further upstream (sections B-B and D-D). In this
case it is necessary to conduct the water from the lake above the
Kaldakvisl dam, across a low ridge, by at least a 1 km .long canal,
over to the main Pdrisvatn reservoir into which the canal would

open just south of the Pdrisds dam.



5.2 Geology and Tectonics.

The geological formations around bdrisvatn have already been

described in general in chapter 1.

The rock formations found in the bdrisds area are the following,

youngest on top.

Tungnd Lava TH

Mordine and Tillite

Hardhausar Andesite HHA

Saudafell and Os&ldur Mdéberg Formations SFM and OSM

The Saudafell and Os8ldur méberg form the two main hills in the
vicinity. The Hardhausar andesite and the Tungnd lava lie on top
of them in a depression between the two hills (Exhibits 5.01 and
5.02). The complete occurrence of each formation can be seen on
the general geological map of the whole Pdrisvatn area (Exh. 1.02).
Location map of boreholes and borro soundings is in Exh. 5.03, and
loeation and depth of boreholes and borro soundings is shown in

Tables 5.1 and 5.2 respectively.

Saudafell and Usdldur Méberg-formations: These two are probably
of a similar age, and may in fact be the same formation. The hills
Saudafell and OUs&ldur look rather smooth and lack the rugged
topography of the younger méberg ridges. They are certainly Rot
formed during the last glacial period as the SFM and OSM mdbérg is
overlain by the glacially eroded Hardhausar andesite, which puts
the age at least to the second last glacial, the Riss or Illinoian.
The SFM and USM mdéberg is a rather sound rock, better consolidated
and therefore less permeable than the younger méberg. The only
permeability tests on the OSM formation were done in 1962 in the
drillholes on the lower damsite (section A-A). Only two reliable

tests were done completely within the OSM formation. This was



in holes K-5 and K-6, the permeability being 30,4 LU and 10,3 LU
respectively. Where these two tests were performed the OSM
formation is not an ordinary mdéberg, but pillow lava or brecciated
basalt.

Section A-A in Exh. 5.02 shows that the mdberg outcrops in the
lower parts of the cliffs in the northern wall of the Kaldakvisl
gorge, overlain by the Hardhausar andesite, that makes up the
upper part of the cliffs. In the southern end of the section,
the méberg is overlain only by 2-4 m of moraine. So on the lower
damsite the mdéberg makes up about two thirds of the foundation of
the dam.

The mdéberg does not outcrop at the upper damsites in sections
B-B and D-D, but in places it is covered only by moraine, varying
in thickness. In section C-C the mdberg is not seen but it

probably lies at some depth underneath the Hardhausar andesite.

The Hardhausar Andesite: In the Pdrisds area the andesite is found
on both sides of the Kaldakvisl river, south of the Saudafell hill,
resting on the Saudafell and Us8ldur mdberg (see Exh. 5.01 and
5.02). The Hardhausar andesite is also found on the northwestern
shore of Lake Pdrisvatn, north of the Rjdpnadalur col (see Exh.
1.02 and 4.01). This formation consists of a few andesitic lava
flows. They are finegrained, with a strong flow banding. The
flows are separated by a reddish contact breccia, that can,for
instance, be seen just above the watertable of Kaldakvisl at the
upper damsite (Exh. 5.02, D-D). The breccia was also found in

the b0-6 drillhole. '

. . . . / .
Three holes have been drilled into the andesite4, one in 1956,
hole F and two in 1969, bO-5 and 6. The two recent ones were
permeability tested and showed very small or no leakage at all

through the andesite, except nearest the surface. The upper



damsite on Kaldakvisl is within the andesite formation, with only
a couple of meters thick layer of moraine on top (section D-D).
At the lower damsite the andesite makes up the upper half of the
cliffs north of Kaldakvisl, where it lies on top of SFM mdberg.
The canal linking the KaldakvIsl river with Lake Pdrisvatn will
be excavated down to the HHA andesite, but need not go deep into

it as the moraine on top is so thick.

The moraine and tillite: This is not represented on the geological
map of the Pdérisds area, because it is generally not regarded as
bedrock proper, being a superficial glacial deposit, covering most
of the area after the retreat of the last great ice-sheet, which
took place about 9.000 years ago in the high plateau of Iceland.
The moraine does of course not cover the postglacial Tungnd lava
which is younger. Although it is not regarded as bedrock, the
moraine can be quite thick in places or up to 10-20 m, and the
lower half can be so well consolidated and hard, especially where
the moraine is thickest, that it can be called tillite. The upper-
most 1-2 m are weathered and mixed with aeolian sand to form a
loose overburden with the aid of frost action. This is in fact

the only part of the moraine that can be penetrated by borro
soundings. Exhibits 5.06 to 5.08 show the number of blows
graphically.

The workability of the moraine was tested by various equipment.

A small bulldozer without a ripper (Cat D-5) only managed the
uppermost 1 m or $lightly more than that, i.e. only the weathered,
sandy overburden. A small back-hoe type power-shovel gave similar
results. A larger bulldozer (Cat D-8) with a ripper, managed easily
down to 4 m depth near the canalsite (Exh. 5.02, C-C) northeast

of hole b0-5. It did not go deeper due to lack of time. This is
well into the upper half of the moraine proper, but between 9

and 14 m the moraine becomes a hard rock, tillite (TL in section

C-C), and the drilling speed was 2 or 3 times less than above



9 m depth in hole BO-5. The core recovery of the tillite in
b0-5 was of the order of 60-70%,

The material making up the weathered, sandy moraine overburden,
was permeability tested after compactinn to see if it could be
used as an impervious core in the dams. The coefficient of
permeability was found to be k=10"" cm/sec, which 1s typical of
mixtures of fine sands and silts. According to grainsize analysis
of material from this layer in hole PU-7, at least 20% is silt.
The permeability of the moraine was tested in holes bG-1,5 and 7,
and ranged from 0 up to about 45 lugeon units. In holes bU-2, 3
and 4, the permeability tests of the moraine below the lava showed
much higher leakage but in these cases water escaped up to the

lava.

The Tungnd Lava: This is a postglacial, basaltic lava flow,
extremely porphyritic, the average size of the plagioclase pheno-
crysts being about 5 mm. The lava is of the pahoehoe-type, but

its surface is very uneven and broken up at the damsites. The

lava is derived from a crater vow on the northeastern continuation
of the so called Brandur graben, which stretches from just south

of the Vatnsfell area to the northeast through Brandur and Austur-
botn and onwards out of the map (Exh. 1.02). The crater row

itself is outside the map, northeast of Austurbotn. The approximate
age of this lava is known, as a layer of white, acid ash of a known
age is found in the soil immediately beneath the lava. The age

of this ash layer has been determined by the C method as being

14
about 4.000 years., It is called H, and is derived from the

volcano Hekla, situated about 35 km southwest of Lake Pdrisvatn.

At the end of the last glacial period, approximately 900 years ago,
the lowest col out of the Pdrisvatn basin was between the Innri
0salda hill, consisting of OSM mdberg and the low hills, made up

of HHA andesite, that lie further towards northeast, immediately



south of the Kaldakvisl river (Exh. 1.02 and 5.01). The two

hills and the pass between them were covered with moraine, 10-20

m thick. A river, that was the surface drainage of Pdrisvatn at
that time, flowed through the col for about 5.000 years and had

by then, i.e. 4.000 years ago, eroded a rather gently sloping
river-course (Exh. 5,02, B-B). Then an eruption took place in the
above mentioned Brandurgraben and a crater row was formed that
poured a huge amount of lava over the surrounding plain, consisting
of slightly older lavas. A great deal of this lava flowed towards
northwest, then turned west and flowed into the northeastern end
of the bdrisvatn basin, north of the Utigdnguhdf&i hill, where

an older lava, or lavas, had probably flowed into the basin earlier.
The lavas make up the 5 km long shoreline towards the Innri Osalda
hill. North of Pdrisvatn a small branch of the lava forked out

of the main stem and flowed towards north through the above
mentioned col northeast of Innri Osalda and down to where the
Kaldakvisl river-course was at that time, where the flow ceased
(Exh. 5.01 and 5.02 A-A and B-B). The distance from this place

to the crater row is at least 10 km. By flowing into Pdrisvatn
and through the col mentioned above, the youngest lava raised

the water table of the lake to 571 m elevation, but the lake level
had previously been raised, at least once, because of older lavas,
that flowed into the lake and dammed the outlet. The lava also
caused great changes in the river-courses of Kaldakvisl and the
0ld Pdrisds. The lava dammed the Kaldakvisl, so a few meters deep
and 2 km long lake that was subsequently filled with sediments,
was formed upstream from the lavaflow. When flowing out of the
lake the river had to make a new course along the lava edge, where
it since has cut a gorge, deep enough to drain out most of the
sediments of the lake, but a distinct terrace is still present on
the south bank. The changes at the Pdrisds river were far greater;
a complete new river-course was formed, both further to the west

and higher above sea level, as the watertable of Pdrisvatn was



raised to 571 m elevation. Raising of the lake level causes an
increase in the subsurface discharge out of the lake, so the "old
bPérisds" was probably a larger river than the present one. Pdrisds
now flows along the lava edge, adjacent to the slope of Innri-Usalda,
turns sharply to the west and flows into Kaldakvisl about 1 km down-

stream from the lava front.

It is not certain whether only the youngest lava flow has flowed
through the col or if the second youngest did so too. Some parts

of the edge and the front of the lava flow make it look suspiciously
like two separate flows, often with springs iésuing from the possible
contact zone. This isiclearly shown where the Kaldakvisl river has
cut the front of the flow and quite a few springs issue from a
scoriaceous or brecciated zone, that seems to divide the flow into
two sheets. The core from many of the boreholes drilled through

the lava at the upper damsite (B-B) showed scoriaceous zones in
between a more solid lava. But if these are two lava flows, then
there was certainly a very short time lapse between them, as no
interbed, of aeolian sand for instance, was found in the drillholes.
This may very well have been two subsequent phases of the same

eruption.

When the molten lava solidifies, its volume decreases and hexagonally
shaped columns are formed throughout the mass. As the lava is so
young, the cracks between the columns are not yet filled by

secondary material, so the lava is extremely permeable. The leakage

is often of the order of 100-300 lugeon untis.

Tectonics: The main tectonic lineation in the Pdrisds area is
southwest-northeast. This is the direction that the Kaldakvisl river
tries to follow, but succeeds in to a limited extent only, as its
general direction is too westerly, but in detail the river flows en
echelon with the longer limbs having a direction very near to SW-NE
(Exh. 5.01), This is also the direction along the elongated Js&ldur



hills and onwards to the Saudafell hill, north of Kaldakvisl and
suggests that Saudafell is another eruption centre on the continuation
of the Os&ldur eruptive fissure. There seems to have been a slight
reactivation of the Us&ldur fissure some time ago as a fault is
clearly seen running almost along the crest of the hills. At the
northeastern end the downthrow is to the SE, but at the other end

the downthrow is to the NW. (see Exh. 1.02 and 5.01).

There are a few faults in the HHA andesite formation northeast of
Périsds. They form a graben running SW-NE which crosses Kaldakvisl
just upstream from the upper damsite (Exh. 5.01). None of the faults
in the area seems to have been active during postglacial time and
certainly not during the last 4.000 years as the youngest Tungnd

lava 1s not faulted at all.

5.3 Ground Water.

The ground water flow in the area to the north and northeast of
bPérisvatn is greatest through the Tungnd lava, that forms the
NE-shore of the lake, and has also flowed north to the Kaldakvisl
river along the river-course of the outlet of Pdrisvatn, east of
the Innri Osalda hill (Exh. 2.01). The ground water flow in the
Tungnd lavas 1s towards northwest in general. Some of it enters
bPdérisvatn, but most of it flows into Pdrisds and some amount flows
north to KaldakvIsl through the small northern branch of the lava.
(Exh. 1.02 and 5.01). Most of the water flows through cracks
between the columns in the lava, and especially along the
scoriaceous zone at the bottom of the lava and the possible contact

zone.

The older fromations in the area, the SFM and USM mdberg and the
HHA andesite are rather impervious and act as barriers that

prevent the groundrwater in the lava from flowing further west or



northwest, except in the col through which the lava flowed. South-
east of the col, the ground water table is rather flat, but
through the col down to Kaldakvisl, the hydraulié gradient gets
steeper or on average 1%. The ground water table is at about

570 m elevation where the lava flow begins to get narrower above
the upper damsite, but 2 km further north, at Kaldakvisl, the
ground water table is near 550 m elevation. The contour lines

of the ground water table have a sharp kink where they cross the
edge of the lava. In the hills on both sides, the ground water

is kept higher; there the rock is less pervious than the lava.

At the upper damsite of Pdrisds, the ground water table is almost
horizontal across the lava flow, but slopes very gently towards
the river. The ground water in the four drillholes, PG-2, 3, Uu
and 7, across the lava, is from 564,7 to 564,8 m elevation, a few
cm lower in BG-2 and 3 than in PO-4 and 7. This shows that, as
well as flowing north towards Kaldakvisl, the ground water is

also flowing towards the bdrisds river and there are in fact one
or two springs issuing from the edge of the lava into the river

at the damsite. Upstream from the damsite quite a number of large
springs issue into the P8risds river. Table 5.3. shows the
elevation of the ground water table in the drillholes on the upper

damsite.

At the lower damsite the ground water table is sloping rather
steeply through the lava towards Kaldakvisl, but Pdrisds on the
other side of the lava lies 7-8 m higher than Kaldakvisl where the
lava is narrowest. This suggests that there is Some leakage from
bPdrisds to Kaldakvisl and somecof the springs issuing into Kalda-
kvfsl may contain water derived from Pdérisds. The springs at the
lava edge further to the east are probably mostly derived from the
main ground water flow through the lava, but not due to leakage

from the bPdrisds river.



5.4 Damsite Geology.

The geology of each damsite and the problems involved will be
described here in greater detail. As mentioned earlier, there are
two alternatives; a single large dam on the lower damsite, or two
smaller dams and a canal on the upper damsites (Exhits 5.01, 5.02,
5.04 and 5.05).

a) The upper damsites: This alternative means building a dam SW-NE
across Kaldakvisl (Exh. 5.02, D-D), which will cause a lake to be
formed in a large part of the graben, upstream from the damsite.
From this lake the water will be conducted by a canal (C-C) through
a small rise to the main Pdrisvatn reservoir, just south of where

a dam is going to be built E-W across the Pdrisds river and the lava-
flow where it is narrowest (B-B). The damsite at Kaldakvisl looks
very good; there the river runs through a <narrow gate, where

both banks and the river bottom consist of HHA andesite. The rock
is very cracked at the surface but sound and tight just below.

In hole PO-6, the permeability tests showed that the surface of the
andesite is very permeable, but deeper down the leakage gets very
small and below 15 m depth in the hole no leakage at all was found.
A reddish, brecciated zone, about 2 m thick, is seen near the water
table on both sides of Kaldakvisl and was also found in hole b0-6.
This is a contact between two andesitic lava flows. According to
permeability tests, the leakage through this zone is very little,
or 1-2 LU. A sheet of moraine covers the andesite but it is only
1-3 m thick on the southern abutment and probably similar on the
northern one. The moraine may be slightly thicker in the depression
at the NE-end of section D-D; at least the loese sandy overburden

is thicker there.



There is a graben running SW-NE that crosses KaldakvIisl as mentioned
before and the nearest fault is only about 50-100 m upstream from
where section D-D crosses the river. The graben is not likely to
intérfere or cause any problems in the construetion of the dam,
“although the fault mentioned above might even be within the foundation
area., This is because the faults have been inactive for quite some
time, and the longer the inactive period, the less permeable the
fault zone becomes. The small grained cataclastic material formed

in the fault zone may in fact, with the aid of precipitation of
secondary minerals and deposition of silt from glacial rivers, form
an almost water tight barrier that can divert and/or raise the ground
water table on one side of the fault if it crosses the ground water
flow. The above mentioned fault, which is parallel to the proposed
dam and approximately perpendicular to the flow of ground water,
might therefore, act as an impervious "curtain" underneath the dam,
if joined to the water tight cewe.

At Périsds (section B&B) the dam will be rather low, not more than
about 12 m high at the river itself, where the dam is highest.

The middle part of the dam will be founded on the postglacial Tungnd
Lava, but the eastern part and most of the western part will rest

on a thick moraine; more than 20 m thick in places. Below the
moraine is the HHA andesite and the OSM mdéberg but they are not

seen at the surface near the damsite.

The thickness of the lava at this place is well known, as 8 holes
have been drilled through it here; 4 in 1956 and 4 in 1969. The
greatest thickness found in section B-B is 21 m. The lava is
extremely permeable; the cracks between the columns are still wide
open and the scoriaceous bottom layer of the lava as well as the
possible contact zone. The holes drilled in 1969 were permeability
tested and the leakage in lugeon units was usually of the order of
a few 100%s. It is absolutely necessary  to build an impervious
cutoff through the lava flow to prevent enormous leakage through
the lava under the dam.



Right beneath the lava is an interbed,made mostly of sandy silt,
which is the continuation of the loose, sandy overburden of the
moraine and has been covered by the lava flow. This bed is still
badly consolidated and usually about 1-2 m thick. A sample was
obtained from this layer in hole bO0-7. Grain size analysis
showed it to be a typical moraine. The layer was permeability

tested under pressure up to 2,7 kg/cm2 without giving way.

Below it is the dense moraine, the lower part of which is hard

like rock (TL on section B-B). The most reliable permeability

test done in the moraine beneath the lava was in hole b0-7, where
the leakage was 34 LU in the upper half and 16 LU in the lower half,
or the tillite.

The site of the canal, that will link the lake at Kaldakvisl with
the bérisvatn reservoir, is almost solely within the HHA formation.
Here the andesite bedrock is covered with thick glacial deposits,
over 10 m thick in places, so the surface of the andesite 1is
probably at 570-575 m elevation in most places (section C-C).
Accordingly, most of the material that will have to be excavated
when the canal is built, is going to be glacial deposits. Only

the uppermost few meters of the andesite need be touched.

Information about the workability and permeability of the moraine

can be found in description of the moraine in chapter 5.2. According
to core recovery and permeability tests in hole PO-5 on the canalsite,
the andesite is a very sound and tight rock. In the NE-part of the
canalsite section, it crosses a fault at an oblique angle. The

exact position and downthrow of this fault is not known.

b) The lower damsite: This alternative means building one dam
across both rivers, where they run on each side of the Tungnd lava
to the north of the NE end of Innri OUsalda (section A-A). At this



damsite, 6 holes, K-1 to K-6, were drilled in 1962.

Most of the bedrock consists of the OSM and SFM mdberg-formations
which generally is a sound and compact rock. Part of the JSM
formation is not mdberg, but brecciated basalt or pillow-breccia
with a permeability of 10-30 LU. No tests were done within the
méberg proper as most of the holes only just reached the mdberg.
North of Kaldakvisl the méberg makes up the lower half of the

cliffs and the HHA andesite the upper half. The andesite is also

a solid and tight rock. At the southern half of the damsite,

the 0SM-mdberg is covered with thin moraine. In the middle part

of the section, between the rivers, we have the Tungnd lava, which
here is 3-9 m thick, underlain by unconsolidated alluvial sediments,
sand and gravel. The lava and the alluvium beneath are very
permeable. Although the lava is much thinner here than at the upper
damsite, the alluvium is probably much weaker and more permeable
than the moraine at the latter. An impervious cutoff has to go

through both lava and alluvium in this case.



TABLEUL.1

LOCATION AND DEPTH OF CORE BOREHOLES

Hole . Surface Depth | Bottom
no. Co—ordinates Elevation Elevation
X Y m
RD-1 544,206 422,730 579.7 26.5 553.2
RD-2 544,501 422.535 580.2 25.0 555.2
RD-3 543,964 422,837 572.4 11.7 560.7
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LOCATION AND DrPTH O™ CCRY BOREHOLES

gg?h Co—-ordinates Surface Depth Bottom
Elevation Klevatior
X Y m
A 537.732 428.410 564.4 16.3 548.1
B 537.362 428,517 569.4 22.0 547.4
C 537.277 428,542 573.2 28,8 544, 4
D 537.200 428,570 571.3 20.4 550.9
E 537.120 428.585 570.77 20.2 550.5
F 536.723 428,650 590.5 ?6.0 564.5
k-1 538.085 429,620 553.1 10.5 542.6
K-2 - " - 429,527 552.3 13.5 538.8
K-3 - " - 429,402 557.8 14.5 543,73
K-4 - " - 429,312 556.9 8.2 548.7
=5 - "= 429.136 563.4 6.6 556.8
K-6 538.280 428.850 564.6 12.2 552.4
PO-1 537.542 428,457 565.0 22.5 542.5
PO-2 537.345 428.449 566.2 19.9 548,13
PO-3 537.233 428.443 570.8 25.0 545,86
bO-4 537.140 428,442 574.1 18.6 555.5
BO-5 536.663 428,445 585.8 20.2 565.6
pO-6 534.987 430.460 575.8 19.8 556.0
PO-7 537.193 428,460 572.2 24.6 541 .6




TABLE 5,2

LOCATION AND DEPTH OF BORRO SOUNDINGS

Hole Co-ordinates Surface Depth | pottom Hole Co-ordinates Surface Depth |pottom
Noe B levation Elevation| No Elevation Elevation
X Y m X Y m
6-1 538,011 428,264 587,2 1,4 585,8 | o-us 536,308 429,076 580,5 1,3 579,2
0-2 537,965 428,290 583,1 0,8 582,3 | G-u7 536,244 429,143 78,3 0,2 578,1
-3 537,927 428,311 580,1 1,0 579,1 | -48 836,180 20,210 $78,7 1,2 71,5
6-4 537,888 428,333 576,5 1,6 574,89 | 6-u9 536,120 429,276 582,2 0,9 581,3
d-5 537,848 428,355 572,9 0,8 §72,1 | ¢-s0 536,060 420,337 584,6 0,7 583,9
¢-8 537,793 428,385 567,5 0,8 566,7 | @-51 535,997 429,403 583,9 1,1 582,8
6-7 537,718 428,425 564,8 1,6 $63,2 | 6-52 535,933 429,470 | s583,7 0,6 583,1 |
-8 537,670 428,450 564,3 3,1 | sel,2 | d-s3 | 535,870 429,536 583,9 3,6 80,3
0-9 537,630 428,453 564,1 1,9 562,2 | O-54 535,808 429,602 581,0 1,6 579,4
8-10 537,585 428,450 564,5 2,0 $62,5 | d-ss 535,745 429,666 580,9 1,4 579,5
g-11 537,534 428,444 564,5 3,1 s61,4 | 0-56 535,682 429,733 582,2 2,4 579,8
0-12 537,468 428,450 §65,0 1,8 563,2 | 6-57 535,618 429,800 §81,9 1,9 580,0
0-12B| 537,443 428,450 565,0 2,3 562,7 | 0-58 535,555 429,865 584,2 2,7 581,5
6-13 537,417 428,451 §65,3 1,9 63,8 | o-s9 | 535,403 429,930 588,6 | u,8 583,8
6.1 537,376 428,452 565,8 0,6 565,2 | 6-60 535,438 429,988 589,0 2,9 586,1
6-15 537,290 428,443 569,7 0,6 569,1 | ¢-61 535,370 430,059 583,2 1,3 581,9
6-16 537,165 428,448 572,7 0,8 §71,9 | ¢-62 535,309 430,123 581,8 0,5 581,3
6-17 537,087 428,451 573,1 0,5 572,6 | 0-63 535,242 430,193 | s77,9 1,0 576,9
¢-18 537,046 428,434 72,8 0,6 572,2 | O-64 §35,179 430,259 §76,2 0,3 575,9
6-19 537,004 428,416 573,7 1,3 572,4 | 0-65 $35,110 430,331 575,3 0,9 5744
6-20 536,960 428,398 574,8 2,1 §72,7 | 0-66 535,048 430,400 575,7 1,6 574,1
6-21 536,918 428,370 579,2 2,4 §76,8 | 6-67 534,978 430,470 575,0 1,5 573,5
6-22 536,874 428,362 581,6 0,9 580,7 | 0-68 534,910 430,540 569,5 0,8 568,7
6-23 536,833 428,344 583,1 1,4 581,7 | 6-69 534,867 430,586 561,3 0,7 560,6
0-24 536,787 428,324 584,8 1,6 583,2 | ¢-101 534,727 430,646 64,7 0,6 5641
d-25 536,709 428,387 585,7 0,7 585,0 | d-102 534,700 430,690 568,5 0,8 67,7
6-26 536,637 428,444 5846 0,6 s84,0 | 6-108 534,673 430,730 569,7 1,1 568,6

6-27 536,543 428,517 584,3 1,2 583,1 | G-1lon 534,652 430,771 572,0 0,8 §71,2 |
d-28 536,455 428,588 5864 2,0 s8u,4 | d-105 534,631 430,810 575,2 0,6 574,86
d-29 536,373 428,649 588,1 2,6 585,5 | ¢-106 534,612 430,848 $82,0 0,6 581,04
6-30 536,297 428,703 588,0 1,2 586,8 | 6-107 534,596 430,891 586,2 2,1 58u,1
6-31 536,222 428,758 585,0 1,9 583,1 | ¢-108 534,576 430,929 585,7 1,3 584,14
6-32 536,171 428,829 58,2 0,8 583,48 | d-109 534,548 430,970 581,5 0,7 580,8
6-33 536,116 428,904 581,8 1,4 580,45 | ¢-110 534,522 431,011 576,5 2,7 573,8
6-3u4 536,060 428,982 576,8 0,8 §76,0 | ¢-111 534,494 431,053 574,6 u,7 569,9
6-35 536,002 429,062 572,0 1,1 570,9 | 6-112 534,465 431,095 574,9 2,6 §72,3
6-36 535,921 429,125 §71,0 1,6 s69.4 | 0-113 534,438 431,138 §75,2 3,2 5§72,0
¢-37 535,837 429,187 570,3 2,7 567,6 | O-11u 534,409 431,180 576,4 y,2 572,2
0-38 535,794 429,222 §69,7 1,5 568,2 | 6-115 534,382 431,221 578,5 3,5 575,0
d-39 536,744 428,623 590,1 1,2 seg,9 | d-116 534,356 431,262 581,5 1,2 580,3
d-u0 536,682 428,685 589,2 0,9 588,3 | 0-117 534,325 431,315 585,5 1,5 584,0
d-u1 536,626 428,741 586,7 2,5 s8u,2 | d-118 534,296 431,357 588,7 1,3 587,04
d-42 536,555 428,817 584,5 1,2 $83,3 | 0-119 534,274 431,392 592,4 0,9 591,56
9-u3 536,485 428,881 | 582,2 2,6 579,6 | 0-120 534,247 431,435 595,5 2,0 593,5
G-y 536,435 428,944 582,7 1,1 581,6 | d-121 534,212 431,492 | 603,0 1,0 602,0
015 536,371 429,010 582,1 1,7 580,14
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