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Chapter 1

General Geology

’

1.1 Introduction

The Hrauneyjafoss Hydroelectric Project is located on the Tungnd
river, the main tributary to Thjorsd, and is the lowest project
site on the river above its confluence with Kaldakvisl. The
project area proper is less than 10 km?, but in connection with
construction materials a somewhat larger area has been investi-
gated. The Project site is about 30 km from The Burfell Hydro-
electric Project Plant, which is the nearest habitation, and

165 km fram the capital of Iceland, Reykjavik. For location

see Exh. 1.01.

Hrauneyjafoss has for a long time been under some study as a potenti-
al power site on the Tungnd river. Under consideration has been
utilizing a head, at Hrauneyjafoss, of between 65 and 103 meters.

The present Project will utilize approximately 85 meters of head.

The average flow of Tungnd at this site is a little over

100 m3/sec., and to this will be added a diverted flow of bSrisds

and Kaldakvisl of about 50 m3/sec. Proposed installed capacity is

160 MW,

Geological investigation has been going on occasionally for more
than a decade. The first work was carried out in 1959, being
drilling, geological reconnaissance and mapping. The field work
was continued in 1965, “66 and “67 with some additional drilling.
This investigation was all carried out by the State Electricity
Authority and its successor Orkustofnun (the National Energy
Authority, NEA). The investigation carried out in 1970, which
will be the main subject of this report, was ordered by Landsvirkjun
(The National Power Company) and has been performed by NEA
personnel in co-operation with and under the supervision of the
Associated Firms Harza Engineering Company International, and
Thoroddsen and Partners, (Verkfrzdistofa Sigurdar Thoroddsen s.f.)

The Project site at Hrauneyjafoss can be divided into three

areas: 1) The reservoir site, which is partly on the postglacial
lava flows upstream of Fossalda at an approximate elevation of
420-425 m. 2) The Fossalda ridge, which at its western end is

not much higher than the lava fields upstream, but a part of it
reaches an elevation of above 500 m. The Project will utilize a
low pass through the Fossalda ridge for a diversion canal and

3) The bdristungur area lying at approximately 350-320 m elevation.
This will be the site of the powerhouse and tailrace canal.

3) The PSristungur area lying at approximately 350-320 m elevation.
This will be the site of the powerhouse and tailrace canal.



Subsurface exploration, drilling and geophysical work has been as
follows:

1) In 1959 one hole was drilled in the lava fields upstream of
Fossalda. At that time extensive drilling was done at Sigalda,
the next site upstream on the river. These holes were drilled
in the postglacial formation.

2) In the years 1965 and “66 12 boreholes were drilled. They are
scattered in the lava fields from upstream of Sigalda down to

the Burfell area, which was investigated mostly in 1962. This
drilling mapped the groundwater table and groundwater aquifer in
the lava fields of the Tungnd lavas. One of these holes, TH-9, is
in the immediate vicinity of Hrauneyjafoss. :

3) In the latter year, 1966, 2 holes, called HR-1 and HR-2, were
drilled with view of the Hrauneyjafoss Project. Both were drilled
in the lava fields west of Fossalda.

4) In 1967 the first drilling was done in the Md&berg formation
in the Fossalda/Spordalda area. In that year two holes, HR-3
and HR-4, were drilled.

5) In 1970 very extensive drilling was carried out both in Fossalda,
down in PSristungur and on the lava fields. Altogether 33 holes
were drilled in that year. Some Borro-sounding was also carried

out in PSristungur and along the canal sites and damsite. Finally
seismic sounding was carried out on the canal sites, the diversion
canal in Fossalda and tailrace canal in Pdristungur. Many bull-
dozers and smaller trenches were done, partly for stratigraphic
purposes, but mainly in the search for construction materials.

Total drilling up to date at Hrauneyjafoss is as follows:

Rock and core drilling 38 holes total depth 1363 m
Borro sounding 119 " " " 450 m
Piezometer driving 2 " " " 58 m

Location map of drillholes, piezometers and Borro soundings is on
Exh. 3.01, graphic core logs on Exh. 3.02 to 3.09, Borro soundings on
Exh. 3.10 to 3.15 and piezometers on Exh. 3.16.

Besides these conventional methods of investigation in connection
with hydro-power projects experiments with the sealing properties

of the Tungna water have also been accomplished in this area.

The experiment, known as Lang®lduveita, was started in late fall
1966 and was kept running through the summers of “67, “68 and

“69 and extended with a relatively large dam in 1970. Its experi-
mental fields give valuable information of the initial vertical
permeability of lava fields, on the tightening capacity of the
glacial meltwater of Tungnd and the trap efficiency of these
relatively small lakes for the sediments of Tungnd. This experiment



also has given information about groundwater behaviour. A report on
the Lang8lduveita will not be included, but results from these experi-

ments will be used in calculating the waterloss from the reservoir at
Hrauneyjafoss.

1.2 Geography

The main trend of landscape in the middle course of Tungna, from Bjallar
down to Kaldakvisl, is mdéberg ridges running approximately north-east.
These ridges may be interpreted as flanking the east side of the valley.
of Kaldakvisl and the main trend of the Tungnd river is a flow towards
Kaldakvisl, which is at the bottom of the valley. But where crossing
the ridges the course of the river is usually very irregular and a
substantial drop in elevation occurs between the two sides of the ridges.
These are therefore the sites for power plants on the Tungnd river. In
this middle course there are three sites which have been anticipated for
hydro-power production, whereof Hrauneyjafoss is the lowest one.

The mdberg ridges which interfere with the course of Tungnd are out-
runners of the méberg massif around lake bdrisvatn and are generally
lower the further to the west.

Lowest of these ridges and also oldest and most eroded is the Fossalda/
Langalda ridge,which is the power site at Hrauneyjafoss. The highest
part of the Fossalda/Langalda ridge is 540 m, but at PSrisvatn it reaches
630 m. To the west of Tungnd this ridge is generally at only about 400 m
elevation. The ridge next to the south of this one is 510 - 560 m high
and the lava field in between usually 425 - 400 m high.

The drainage of Tungnd is very simple as Tungnd is, for the most part,

a trunk river flowing far above the groundwater level. Inflow into the
river is mainly through springs and spring fed rivers which are always
very short. Between Sigalda and Fossalda there is no surface inflow
except near the base of Sigalda. At many places are seen water courses
which are always dry during summer. Some of these water courses were
made by branches of Tungn& before it stabilized its course in the present
one.

Others are made by winter floods, as in winter, when the ground is frozen,
there can be surface runoff both in the lava fields and in the mdberg
area. One of the courses is formed by a historic river which was dammed
up by a lava flow in 1913 and found a new totally different course after-
wards. In PSristungur there is a network of spring fed streams origin-
ating at elevation between 360 - 350 m and flowing into Kaldakvisl.

A cover of vegetation'is widespread in Pdristungur and also along the
west bank of Tungnd up to Hrauneyjafoss and in many of the islands in the
river on Hrauneyjar. On all the hills east of Hrauneyjar and also in the
lava fields to the west of them vegetation cover is lacking and drifting
sand is common. Rock outcrops are common in the Tungnd canyons; in the
valley of Kaldakvisl rock outcrops are also frequent. In the ridges the
bedrock is usually covered with moraine or some mixture of eolian sand
and rock fragments. The lava is very irregular at the surface and lava
blocks outcrop, but in between 1is eolian sand filling depressions with
abundant lava fragments mixed in.



1.3 Stratigraphy

The Hraupeyjafosseareavms built up by volcanic products during the last
two glacials, an interglacial in between, and postglacial time. On the
geological map, Exh. 1.02, the main bedrock formations are shown and the

schematic geological section, Exh. 1.03, shows the relationship between
the geological formations.

The geological formations can be divided into two main groups, i.e.
moberg formations and the lava flows. On the schematic profile the
moberg formations get younger proceeding the closer to the present
volcanic belt. Some of the mdberg formations in Pdristungur are from
the last but one glaciation as this formation is covered by a lava flow,
flowed in an interglacial. The youngest méberg formations close to the
postglacial volcanic belt are probably from the end of the last glaci-
ation and the postglacial volcanic activity, which has mainly produced
lava flows, is a direct continuation of the mdberg formations.

According to above the rock in the Tungnd reach can be divided into the
following groups:

1. The mdberg group, which ranges in age from the last but one glaci-
ation to the end of the last glaciation.

2. The Kaldakvisl grey basalt formation, which is a lava formation from
the last interglacial.

3. The Postglacial lava formation, which is mainly lava flows erupted
during the interval of 2000 - 8000 years B.P. This subdivision is
shown on the geolcgical map, Exh. 1.02, and the schematic profile,
Exh. 1.03.

On the more detailed geological map, Exh. 1.04, the formations around
Hrauneyjafoss are subdivided. These formations are:

a) The Kaldakvisl grey basalt formation. This is a rather coarse-grained
basalt usually cube Jointed or even with a pillow structure and was in a
former report interpreted as a moberg formation. This basalt has been a
lava flow flowing down the valley of Kaldakvisl in the last interglacial.
It 1s apparent from the geological section, Exh. 1.08 that this grey
basalt formation lies on top of the mdberg formation.

b) The Mdberg group. The age relationship between the different mdberg
formations 1s not at all clear except in a few cases. The indication of
the age 1s just as much morphological, supported by a higher seismic
velocity for the older formations than the younger ones. This depends

on better consolidation and precipitation of some material to fill cavities
and cracks in the rock. This also causes the older formations to be less
permeable than the younger ones. On the map, Exhibit 1.04, are shown 5§
different formations of the méberg group. The oldest one is the low-lying
much-levelled and flattened-out moberg formation called the levelled old
Méberg formation. This really may be a mixture of many formations, the
petrography is very similar for all the rock in this area - most of it
being dark to grey basalt rock with a few small phenocrysts of feldspar.




The oldest part of this formation is older than the Kaldakvisl grey
basalt and therefore dates from the last but one glaciation. Part of
thés formation is at Sigalda termed Sig, but at Hrauneyjafoss this form-
ation 1s termed Hr2 and 1s the older of the two méberg formations there.

On the top of Hry in PSristungur is the Fossalda méberg formation and
Langalda is probably a continuation of the formation towards the west.
Between the Fossalda/Langalda formation and the Hry is a tillite layer
intercepted in drillhole Hry and shown on sections D-D and I-I, Exh. 3.2u
and 1.08. This tillite is a very well indurated and strong rock. In

Fossalda at the Project site the Fossalda formation is indicated with
the letter Hrq.

The age relationship between the next two formations is uncertain
although from topographical or morphological reasons it is supposed

that the Sigalda formation,Sijp,and Midalda is older than the Hrauneyja-
fell moberg formation. All the formations hitherto mentioned are mainly
pillow lavas. The bulk of the rock is pillow lava or pillow breccia to
breccia, but Hrauneyjafell, on the other hand, is mainly tuff or very
tuff rich breccia. This indicates that Hrauneyjafell is formed in
eruptions fairly close to the surface and is the only formation in this
area which shows these characteristics.

The Sigalda formation Si4 is clearly younger than Si, and Midfell as it
lies on top of it as found from drilling at Sigalda.” It is mainly mdberg
breccia and pillow lava.

On top of the oldest formations such as Fossalda/Langalda and Hrq there

is often a thick layer of moraine and tillite. On the younger formations
this type of material is mostly absent. This moraine or tillite can

reach a thickness of several tens of meters but the méberg formation is
probably several hundred meters thick, but thinning out towards Kaldakvisl.

c) The Postglacial lava flows. They range in age from 2000 - 8000 years
B.P. and most of them originated in a volcanic belt, the so-called Heljar-
gja-Vatnadldur graben area. This volcanic belt is seen on the general
geologic map, Exh. 1.02, and the schematic geologic profile Exh. 1.03,
also shows the westernmost part of it. From there ten major lava flows
have flowed down the valley of Tungnd and through passes in the mdberg
ridges during this interval. Gradually these flows have decreased the
relief and more or less levelled out the landscape. Yet the highest
ridges are still sticking through the lava flows. In connection with
this, the course of Tungnd has changed many times. Each lava flow has
changed the course more or less, but the main trend of the change in
Tungnd courses has been towards the east to follow the margin of the lava
flows as Tungna today does.

The oldest three of these lava flows do not influence the Hrauneyjafoss
area. They flow through lava pass number 1 down to the lowlands and one,
the second oldest, is the biggest lava flow in postglacial time in Iceland.
In Exh. 1.05 are shown the main characteristics of the different lava
flows and tephra layers and other marker beds which have been used for
dating. The most important marker beds are the light colored ash layers
from Hekla designated H4 to Hg which all have been dated by C method.

These lava flows have a very characteristic petrography, which is quite
different from that of the mdberg areas. They all have big phenocrysts



of feldspar and also some of olivine. The number of phenocrysts has been
used for identification of the different lava flows together with the
marker beds mentioned above and shown in Exh. 1.05. These lava flows

are called Tungnad lava flows and are marked with TH and an index a for

the oldest flow and J for the youngest one. The first of these lavas
flowing into the Hrauneyjafoss area is TH; and TH_. All the still younger
flows have reached the Hrauneyjafoss area except %Hg which 1s not found so
far downstream. Most of these flows except THg and THs have flowed all
the way down to the lowlands near Burfell, but TH, has only reached the
Hrauneyjafoss area and ends 2 km downstream of the falls.

Besides the above mentioned Tungnd lavas a postglacial volcanism has
occured in the neighbourhood of Hrauneyjafoss in a volcanic belt which
is a continuation of the Hekla fissure which has its summit crater 30 km
away from Hrauneyjafoss. From Hekla extends a scattered crater row and
small lava flows all the way to the corner of the geological map whereof
one crater can be seen surrounded by the Pjdrsd lava flow THi. The age
of this crater is 3-4000 years.

1.4 Superficial deposits

Loose materials or overburden are of various origins: glacial, alluvial,
lacustrine, eolian and directly volcanic, i.e. tephra. At many places
these deposits form thick beds up to several tens of meters thick. On the
map, Exh. 1.09, are shown the types of loose materials covering the bed-
rock and generally reaching a few meters in thickness.

In PSristungur loessy soil, peat and a mixture of both cover extensive

areas. The loess consists of windblown material of grain sizes from fine
sand to silt and in many places is mixed with the airborne volcanic mat-
erial tephra sandwiched in between loess layers. In the peat are found

the same ash layers. Most of these ash layers are from Hekla or Katla
and some also from the Heljargja graben area. The thickness of loess and
peatmaterial varies from 1 m up to 3 or 4 m. Where it is thickest it can
be expected to consist to a large extent of peat.

Sand-filled depressions are upstream of the Fossalda ridge and between
that ridge and Sigalda is a depression probably filled with a thick layer
of sand. The thickness is known to be several tens of meters. The origin
of the sand may be mixed, but it is likely that a part of it is flood
deposits from the end of the glaciation but now covered with eolian sand
or some mixture of eolian and alluvial sand. Also mixed into this unit
may be truly alluvial deposits from the Tungnd river at an earlier stage
before the last lava flow raised its level.

Lake deposits are considered to be along Tungnd in areas where Tungna
usually floods at a high water level. This area is covered with silty
material and may extend and be mixed with the preceding unit. The
distinction is mainly done from the surface characteristics.

Alluvial deposits are found along Tungna and Kaldakvisl. Between Sigalda
and Fossalda the alluvial deposits are very closely related to the lake
deposits and the sand-filled depression deposits. It is at many places
very fine grained, but where it is coarsest it is sand and some gravel.



In Kaldakvisl on the other hand the grain size is much more varying from
very coarse gravel and cobbles to gravel and sand. The thickness of the
deposits 1s mostly unknown, but ranges from 1 or 2 m to several m.

A special type of alluvial deposits is at the mouth of the Sigalda canyon.
These deposits are caused by a sudden emptying of the Krdksvatn lake, whict
existed for more than 1000 years in the basin upstream of Sigalda. This
alluvial deposit is characterized by the way it is sorted. The grading

is more or less horizontal with the coarsest material near the Sigalda
canyon and the finer material in the direction downstream towards the
Ferjugljufur canyon. The coarsest material consists of blocks of a

half to one meter in diameter.

Flood deposits cover some depressions along the Kaldakvisl river and form
some terraces there also. The thickness of these deposits varies very
much, but often forms terraces 5 m thick or more. These deposits mostly
consist of medium to coarse sand and many of the grains are crystals of
feldspar and olivine. The origin is an eruption under the glacier in the
mountain Brandur at the middle of the east coast of PSrisvatn. This was
at the end of the last glaciation when the Pdrisvatn basin was glacier
filled and partly the mountains surrounding the basin. The sand is ess-
entially volcanic products which have been carried down to the valley

by a hugh flood caused by ice melted by the eruption. Some of the material
classified as sand-filled depressions is probably also from the same source
as 1t was discovered during the investigation in 1970 that the flood from
the Brandur eruption actually found outlets at the low passes at the south
coast of Pdrisvatn just as along the western and north-western end of
PSrisvatn where the main outlet probably was.

The postglacial lava flows are here classified as superficial deposits
because all the lava has similar surface characteristics. The surface
of the lava is mostly broken and partly scoriaceous lava and filled
with eolian and some alluvial sand. Along the river there may also

be silt and clay in the depressions. Typical thickness of the top
layer of the lava is 2 or 3 meters and in it is everywhere mixed blocks
of lava fragments. The blocks are lifted by frost action towards

the surface.

In the postglacial lava flows are water courses in many places now
usually dry during summer. They are either formed 1) by prehistoric
braches of the Tungna river, 2) by some rivers which now have been
diverted to another course of 3) by winter floods, which can be
substantial. 4) Some of the courses near Langalda/Fossalda are probably
formed by the flood when Krdksvatn was emptied. In that part of the
lava flows the material on the top of the lavas is more alluvial

than eolian.

Moraine covered bedrock is at many places along Fossalda/Langalda.
The moraine is at many places sandy and the term moraine is used
more as an indication of the origin of the material than a
description of it. The thickness of the moraine .varies considerably.
Where the moraine is thick the lower part of it is usually so well
indurated and hard that it is classified as rock and will be

called tillite in further discussions. Moraine together with



tillite can be 20-30 m thick altogether whereof 5-7 m can usually
be worked with heavy bulldozers. .wuwus a ,
Frequently, 1 or 2 m are quite loose.

The younger méberg formations have usually no cover of moraine.

The surface is often pillow fragments, bedded in eolian sand or,
where rock outcrops, the surface 1s so-called pseudomdberg which

is reworked méberg by the glacier and is very often hard and dense.
This reworked material may have the colaur of tillite, but often

the material has the same colour as tuff. These materials mentioned
here are thin where they are marked on the map as mdberg formatlon
without cover.

Basalt formations slightly covered or without cover are found near
Kaldakvisl. Here the Kaldakvisl grey basalt formation outcrops.

The reason for the many outcrops of this formation is the catastrophic
flood from Brandur already mentioned. A former cover of moraine

has been washed away.

1.5 Tectonics

The regional tectonics in the Hrauneyjafoss area are shown on the
geological map, Exh. 1.04. In respect to tectonic features this

area seems to be a transition zone between the mdberg areas, where
tectonic features are not prominent and do not guide drainage

systems, and the so-called Hreppar series supposed to be west of
Kaldakvisl where very strongly developed tectonic features usually
guide all the erosional features. This supports the already mentioned
conclusion in the stratigraphic section that this rock is older

than at Sigalda and further towards south.

There are many systems of fault directions 1n the Fossalda area as
shown on the map. Some of these systems are probably strike-slip
faults; others may be normal faults. Usually the dislocation of
these faults is not know as there i1s no such rock where dislocation
can be easily recognized in the Fossalda. The most prominent
direction of faults is probably north 60° - 70° east and north

200 ~ 30°© east. Other faults have some intermediate direction, but
these two seem to have the strongest tendency to develop. The
first direction is, in the Burfell area, a slip strike fault. There
are also a few faults with a completely different direction, that
is north 40© - 50° west. Generally this direction is not stronly
developed in southern Iceland.

The méberg ridges and méberg mountains in general are formed in
subglacial eruptions under a glacier cover, usually in fissure
eruptions. These fissure eruptions in this part of Iceland have
probably followed a direction north 60° - 700 east as that is the
main trend of the long axes of the ridges. In connection with
the volcanism graben tectonics have probably been active as 1is
now in the volcanic belt and in the youngest mdberg formations.



All such graben tectonics mre now inactive and there is no indi-
cation of recent movement of any of the faults in the area. None
of the faults can be traced in the postglacial lava flows and are
therefore older. Probably the last time these faults have been

active was at the end of the last glaciation or beginning of post-
glacial time.

1.6 Geologic history and geomorphology

The geologic history of the middle Tungnd area is marked by a
general southeastward movement of the volcanic belt during the last
700.000 years or so. This movement of the active volcanic belt

is best 1llustrated in the schematic profile, Exh. 1.03, where

the moberg ridges overlap each other and are generally younges
towards southeast. At present the volcanic belt is mainly the
Heljargja graben system, but one crater belonging to that system is
seen at the edge of the schematic section.

The oldest méberg formation, Hr,,is in Fossalda dating from the last
but one glaciation, or about 300.000 years old, while the youngest
formations are formed just before the end of the last glaciation
10.000 years ago. Then the Bjallar and Dyngjuhorn ridges were
formed. All the méberg formations have a normal magnetic polarity
which establishes that they are of a lower age than 700.000 years.
Probably the Hr, méberg is from the last but one glaciation as
Hr,. During thé following interglacial there were lavas flowing
doWn the valley of Kaldakvisl in a similar manner as lavas have
been flowing down the valleys of Tungnd in postglacial time. This
is the Kaldakvisl grey basalt formation.

In the latter half of the last glaciation the most active volcanic
belt was just east of bérisvatn or along the east coast of it.

One eruption, the Brandur eruption, which occurred when the bSris-
vatn basin was filled by ice, caused a big flood going through

all the low passes at the rim of Pdrisvatn. This flood has both
eroded the valley of Kaldakvisl and deposited thick layers of flood
sediments, mostly ash from the eruption.

The finiglacial topography at the end of the last glaciation was,
in the middle reach of Tungnd, much rougher than to-day. Valleys
have been in between the mdberg ridges; the deepest of these was
the Kaldakvisl valley, which is still more or less in existence,
but south of Sigalda there was a deep valley and again to the south
of Bjallar. This valley system had no contact with the Kaldakvisl
valley at that time. The drainage system has been different as
Tungnd was flowing straight down to the lowlands alon Dyngjur og
Valafell and its confluence with bPjdérsd was east of Burfell.
Kaldakvisl has been a direct tributary to Pjérsd and its confluence
with it probably not far from where the Tungnd - Pjdrsa confluence
is now.
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This finiglacial topography did not lagst very long because the
volcanism continued in the Heljargjd graben area in postglacial

time and gradually filled the valleys, especially the southern ones.
The Heljargjd graben has produced 10 major lava flows during the
time interval of 8000-2000 years beflore present. The 3 oldest have
not reached the area north of the Sigalda ridge. Of the remaining
seven, six have passed through some of the lava passes in Sigalda
and are present in the Hrauneyjafoss area.

The postglacial lava flows have had a tendency to divert Tungna

towards north along the margin of the lava flows. In this
connection marginal lakes have often been formed and dammed up by
the lava flows and the mdberg ridges. Such marginal lake has

certainly existed many times in the area between Fossalda and
Sigalda, but now none is in existence; the last one 1s certainly
silted up. Upstream of Sigalda much bigger lakes have been formed,
the so-called Krdksvatn. Krdksvatn was a big lake for approximately
1.500 years and was emptied in a hugh flood about 3.000 years

before present. In that flood probably 150-200 Gl. of water were
emptied from the lake in a very short time; possibly a day or so.



Chapter 2

Sediment lormd

2.1 Investigations

Investigations on the sediment load of Tungnd and Pjdrsd have been
g01hg on for more than two decades, but the main work has been

done since 1962 as at that time sampling with American type supended
sediment samplers was started and a laboratory was furnished to make
i1t possible to measure the quantlty and graln size of the sediment
load. Since then sampling in Tungnda and Pjdrsd has been accomplished
as shown in Table 1. The samples are generally of two types, so-called
S-samples, taken with sediment samplers of American type and F- samples,
which are collected into an ordinary glass bottle without a sampler.
The S- samples, which are integrated samples usually taken at three
verticals in each section, are much more reliable and calculations
are as a rule based on the S-samples only. F-samples are usually
taken at one bank of the river. F-samples are availablé further back
than 1962, even as far back as 1949. TFor the finer grained sediment
load the difference between F-samples and S-samples either is very
small or non-existent, but for the sandy part of the suspended sedi-
ment load the F-samples can show quite different results from the

S- samples Altogether there are now available 543 samples from
Pjdrsd and Tungna with tributaries of Tungnd. By correlation and
calculation of stage discharge relationship for the sediment these
investigations can be used to get a fairly accurate picture of the
sediment load of Tungna at Hrauneyjafoss, especially as 102 of the
samples are from Tungnd at Hald and 60 are from Tungnd at Hrauneyjar.

Bedload measurements and calculations have not been done for Tungna,
but have been done for Pjorsa, downstream of Burfell, and for Hvitd.
Therefore bedload of Tungna can only be roughly estlmated from compar-
ison between Tungnd and Pjdrsa. For Hald it has been assumed to be
15% of the average suspended load and 7 1/2 % at Hrauneyjar.

The available samples are not evenly distributed throughout the year.
Most of them date from the summertime and winter samples are under-
represented. As the majority of the discharge occurs during summer
and at the same time the majority of the sediment load also occurs
during summer this handicap is not as serious as would else be the
case. The reason for the few samples during winter is mainly due to
technical difficulties in obtaining samples in winter time as then the
river i1s frequently full of frazil ice and the samplers get clogged
when put into the water.

2.2 Results

The results of the sediment dlscharge investigations prior to 1966
are publlshed in a report "Skyrsla um aurburdarrannsdSknir 1965 - 1966",
by H. Tdmasson and S. Palsson with an english summary by P. Ingdlfsson.



Since that time considerable data have been obtained, and new calcul-
ations of the relationship between the sediment load and discharge
have been done. Exh. 2.01 shows the relationship between discharge
and sediment load for Tungna at Hald as calculated in 1967. The
available data collected since then show no important change, but
they are not plotted on the graph Exh. 2.01.

The available samples from Hald are from the years 1965 to 1970 and
the suspended sediment load has been calculated for each year during

the period. The samples from Hrauneyjar are from the period 1967
to 1969 mainly, and the calculated sediment load is for the years
1968 -~ 1970. The results of these calculations are illustrated in
Table 2.

The three years series for Hrauneyjar has been extended to six years
by correlation with Hald. This is also in Table 2. The sediment
load has been converted into volume by assuming specific weight 1.4
for deposited sediments. Finally estimated bedload was added and
total load in Gl per year calculated.

The 1limit between fine and coarse sediment load is at grain size 0.02 mm,
i.e. between fine silt and coarse silt. As seen in the table the total
sediment load at Hrauneyjar could amount to a sedimentation of roughly

1 Gl/year. The trap efficiency of the reservoir is not known, but in
the Langalda reservoir a trap efficiency of approx. 50% was experienced.
In Bjarnaldn at Burfell a trap efficiency of 50% also seems to be the
case. The reservoir at Hrauneyjafoss 1s certainly larger compared to
the inflow than both the mentioned cases so a higher trap efficiency
should be expected. With a trap efficiency of 70% the decrease in
volume will be 0.8 Gl/year. A continuous blanket of fine grained silt
should be formed over all the reservoir bottom thickening several cm
per year.

This quantity of sediment would fill the reservoir in about 30 - uO0
years on the basis of unchanged trap eff1c1ency In fact the trap
efficiency will certainly change from 70% in the beginning to less
than 50% when the reservoir is practically filled.

The deposition of sediments in the Hrauneyjafoss reservoir would be
decreased greatly with Sigalda reservoir in existence either built

first or following soon after. It should be expected that the sedi-
ment carried into the reservoir at Hrauneyjafoss would be decreased

to one tenth of the quantity it would receive without Sigalda reservoir.
In that case the sediment deposition will not at all be a problem at
Hrauneyjafoss.

In Exh. 2.02 are shown grain size curves for the sediment of Tungna,
one for each season. There is a marked difference especially between
the grain size curves for the summer season as compared to the other
seasons. In summer the sediment samples contains less sand and more
of coarse and medium sized silt than during the other seasons. In the
winter and autumn, espec1ally w1nter, the fine grained sediments are
in very small quantltles In spring and autumn they are in larger
quantities than in the winter, but much less than in the summer time.
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Chapter 3

Engineering Geology

3.1 Groundwater and Permeability

The fairly high permeability of the young rock formations in the Tungnd
reach was already at an early stage of studies of these hydro potentials
considered a major problem. Groundwater has therefore been studied to
gsome degree in this area from 1959, especially after 1965 when more
drillholes became available for studying the groundwater behaviour in
the postglacial lava formation. Later the groundwater in the mdberg
formations was also studied; then it became obvious that in many places
there is a marked difference in groundwater level in the mdéberg form-
ations on one hand and in the postglacial lava flows on the other.

This difference is due to heterogeneity in permeability between the
mSberg group on one hand and the postglacial lava formation on the

other hand. This heterogeneity is especially at the surface of the
méberg formation, which often is covered with a relatively impermeable
moraine or pseudomdberg blanket with a much lower permeability than
either of the two formations. In connection with permeability studies
the postglacial lava formation can be looked upon as having the same
permeability all over. The mdberg group on the other hand is consider-
ably diversified in age, so the youngest mdberg has substantially higher
permeability than the oldest one.

The postglacial lava flows have by far the highest permeability. Their
permeability is also heterogeneous for different parts of a particular
lava flow. The highest permeability is in the horizontal direction at
the base of the lava flow, or at the contact between the two lava flows.

This permeability is higher than a k-value of 1 cm/sec, probably in the
range of 1-10 cm/sec. The permeability through the dense part of a lava
flow is much less, probably of the order of 10-2 to 10-1 cm/sec. Through
the dense part of the lava flow water percolates vertical, often hexa-
gonal joints. The vertical permeability is higher than the horizontal
one in the dense part of the flow, due to much shorter leakage paths
downwards than around the columns. Vertical permeability is often
decreased to a considerable degree by the blanket of loose material of
sand and silt sizes brought into the upper surface of a lava flow by
wind or water. This material may even cause perched groundwater to
exist at some places in the postglacial lava formation. The most im-
portant of these loose materials to decrease vertical permeability is
the one now forming the surface of the lavaflows. This material will
decrease the vertical permeability from the proposed reservoir at
Hrauneyjafoss. The interbed material is always the least permeable

part of the postglacial lava formation.

The mdberg formation has a much more uniform permeability than the post-
glacial lava formation because it is not divided into horizontal layers
as the lavaflows, but rather form thick mounds probably hundreds of meters



thick, but of rather small areal extension. This makes the permeability
of the whole moberg formation much more homogeneous than that of the
postglacial lavas. This permeability is considerably lower than that

of the lavas. 1In Fossalda the water pressure indicated permeability of
the value 10-% to 10-3 cm/sec for the mdéberg, see Exh. 3.15.

The moraine and tillite on top of the méberg formation have certainly
still lower permeability than the mdberg itself. From the pressure

tests we get a wider range of permeability for this unit, but as it is
often tested very close to the surface the accuracy of the tests may be
questionable because of unconfined conditions. But it is fairly certain
that it has lower permeability than the méberg. The sand in the depress-
lons seems to have a higher permeability than the moraine, but much lower
than the postglacial lava formation.

On Exh. 3.16 1is shown the elevation of the groundwater in the Hrauneyjafoss
area. The groundwater in the lavas is higher than in the méberg except at
the toe of Sigalda and again below the Fossalda-Langalda ridge. Every-
where in between the lava groundwater is higher. Inflow of groundwater
into the lava formation between Sigalda and Fossalda is from two sources.
One is probably lava groundwater coming through lava pass number IT, along
the same route as the lavaflows have reached the area. This aquifer is
very much hypotical. No drillholes are along this route. There are only
drillholes upstream of Sigalda and again downstream of it. Another source
of groundwater into the lava is at the toe of Sigalda where springs in
Ferjugljifur and vicinity probably extend underneath the lavaflows and
cause substantial inflow of groundwater to the lavas in that area. The
hole HR-1 is drilled in the old canyon of Tungna cut through the Foss-
alda-Langalda ridge. In this old canyon the relatively tight cover of
moraine is lacking and in that area the potential between the lava ground-
water and the méberg groundwater seems to be levelled out. The méberg
groundwater, which issues out in springs in PSOristungur in great quantities
has a fairly even gradient. It flows from PSrisvatn and the area east of
it. The groundwater issuing at the powerhouse site in bSristungur is
probably from the east of bdrisvatn. The springs issued further north

are probably much more direct leakage from the lake bdrisvatn. The total
discharge of the springs in Pdristungur is 8 m3/sec whereof 1,1 m3/sec
flows into Spord&ldukvisl, which drains the powerhouse site.

Exhibits 3.17 and 3.18 show variations in groundwater level in drillholes
in the postglacial lava formation. It is obvious from these Exhibits
that the variations are relatively small or of the order of 3 m between
the extreme high and the extreme low groundwater level. The biggest
changes are due to diversions of water which will be discussed in the
next chapter, and are therefore not changes from natural conditions.

In the méberg areas there are not available long series of groundwater
observations, but apparently the variations are still smaller there than
in the lavaflows.

3.2 Reservoir leakage

On.Exh. 3.19 is a map of the reservoir at Hrauneyjafoss divided into
subareas,each of which will have a different mode of leakage. This map
also contains a table giving the size of the different areas.



Area 1 is mostly sand and silt on surface. The groundwater is at surface.
No leakage is expected from this area.

Area 2 is moraine on surface. Excessive leakage should not be expected
through this formation.

Area 3 is pillow-lava or méberg at surface. The permeability of this unit
should be higher than for the moraine, but this area is small.

Area 4 is sand-filled depression. The permeability of the sand can be
rather high, but the depression is probably underlain by moraine which
will restrict the leakage. The sand can also leak into the lavas. The
actual waterloss from this area i1s very difficult to predict because of
these two facts.

Area 5 1s lake deposits. They are silty on surface and should have low
permeability. The waterloss from the area is small.

Area 6 1s alluvial deposits, mostly sand, gravel and silt. The waterloss
from this area is also supposed to be small.

Area 7 is lavaflow which at present is not flooded by the river at normal
stage. Previously, before the river stabilized its course, it flooded
this area. For this area it is difficult to predict the waterloss.
Pressure tests show high permeability, but experience from Langdlduveita
shows low permeability. It is expected that this area will not have
excessive waterloss.

Area 8 i1s the main problem area. It has not been flooded by the river
and is therefore not tightened by alluvial sediments. On the other hand
the area is more or less covered with eolian sand. Experience from Lang-
8lduveita and from Burfell indicates that leakage from such an area, not
tightened by the river, is of the order of 300-400 1l/sec/ha. Similar
magnitude should be expected for this area as initial leakage.

Area 9 is pseudo-craters. These are made of scoriae and may be scoriaceous
all through the uppermost lavaflow down to the first contact. The leakage
in this area is of the same order as in area 8. If the sandy material
which has accumulated in the scoriae is coarse enough to have a filter
criteria for the scoriae it may be less. But as this is not likely this
area has probably to be protected by a blanket of filter material which
has a filter criteria against the scoria to prevent swallow holes to

form there.

Area 10 is the river itself. It is probably practically impermeable.

The initial leakage from the reservior will not last very long because
of the sediment load of the river. In Exhibit 3.20 is a diagram
showing the probable way in which the reservoir will be tightened

by the sediment load. These calculations are based on the experience
from Lang&lduveita, where a layer 1 mm thick.,is formed in one week
with vertical permeability in k-value of 10 ' cm/sec. Over the lake
bottom will be formed such a tight blanket with at least the same



permeability as the one formed in Langdlduveita. This will very

soon decrease the initial leakage, as shown on the graph.

Besides the carpet tightening, which is created through a formation
of a layer of silt on the surface we will also have a tightening
inside the lava. Area 8, especially, and probably also area 9

will not have a complete filter criteria for the sediment load,

so there we will in the beginning have a formation of swallow-

holes, and through the swallow-holes the sediments will go further
down into the lava and cause tightening there. In the graph 3.20

it is estimated that tightening of area 8 will be slower in the
beginning because of the swallow holes. It may even become neceassary
to put filter in some of the swallow holes to stop eccessive leakage.

Experience from Lang8lduveita shows that swallow holes in the middle
of the lava field did not do any harm. It was leaking for a short
time and became tight in 6-8 weeks. On the other hand swallow holes
at the lavafronts and probably also swallow holes in the pseudo-
craters can last very long and have to be filtered. As shown on
Exhibit 2.03,a grain size curve for the sediment load of Tungna,
much more silt is transported in the water during summer than in
other seasons. The most effective sealing will therefore be during
summer, and it is probably necessary to fill the lake in early
summer to get it tightened during the first summer.

The tightening calculations are based on the Hrauneyjafoss reservoir
as being the uppermost on the Tungnd river when the reservoir is
filled. 1If the Sigalda reservoir is in existence before the Hraun-
eyjafoss lake the sealing by impervious blanket will be much slower.
On Exhibit 3.20 is shown a line for the tightening based on the
assumption that the Sigalda reservoir will have a trap efficiency
of 80% for the sediment load of Tungnad and the Hrauneyjafoss
reservoir will have a trap efficiency of 50% of the remaining load.
As shown on the graph the tightening is much slower under that
condition. But as the trap efficiency of the Sigaizda reservoir

is not known and neither the trap efficiency of the Hrauneyjafoss
reservoir for the remaining sediment load, this calculation must

be assumed a crude approximation.

Influence from the leakage water on the groundwater level is indi-
cated by the ground water fluctuations represented in Exhibit 3.17
and 3.18. All the holes selectéd are near either the Lang&lduveita
or near bjdrsd at Burfell. Only TH-8 is far away from either of
these sites. Hole BD-11l is near Burfell and shows a sudden rise,
1,5 m, when the diversion was put into operation at Burfell in
August 1969. Since then the groundwater level has been dropping.
But compared to TH-8, where the groundwater had an upward trend
during the same time, we can conclude that the leakage at Burfell
has now practically ceased. All the other holes are near Langdldu-
veita and they show a rise in groundwater table in May 1967, which
may be due to that diversion. At that time the leakage from
Langdlduveita was over 2 m3/sec into the lava. Langdlduveita has
since then had very little effect on hole HR-1, which indicates
that the leakage does not go into the old canyon of Tungnd, but
through a pass west of the canyon. HR-2 is close to the big lake



whi§h came into existence in 1970. _In that lake the normal leakage
during the summer of 1970 was 2-3 m /sec, but at flood peaks it
could amount to 6-7 m3/sec. The creation of this lake also affected
TH-9 which 1s located close to it. The inflow of great quantities
of water certainly raises the groundwater level for a short time
butolt levels out again very soon as shown on the graph. The la&a
aquifer can therefore take great quantities of water for a short
time, which may be necessary if the lake is filled very rapidly
but due to the rapid sealing it is not probable that the lava ,
formétlon will be saturated up to the surface so that a piping
condition will be created under the dams.

3.3 The Damsite

A part of section D-D runs along the damsite while sections A-A, B-B
and C-C cover the contact of the postglacial lavas with the méberg
formation. These sections are shown on Exhibits 3.24 and 3.23.

Most of the dam will be founded on the postglacial lava formation
which along the damside consists of several different flows, up to
five in one section. The thickness of the lavaflows varies, but

the uppermost is on the whole 10-15 m thick.

The uppermost flow consists on top of a mixture of broken lava and
eolian sand, but even big broken blocks of solid lava can reach the
surface. This hetero-geneous upper surface of the lava has a
thickness varying from 0 to 3 or even 4 m. Below this surface
layer is dense lava often with a thickness of about 10 m or slightly
less. The dense lava is columnar jointed and the contraction

cracks along the jointing constituté leakage paths through the

dense lava. Leakage through this part of the lava is therefore
mainly vertical as the vertical permeability is higher than the
horizontal one. Under the dense part a scoriaceous layer again ensues,
the lower contact zone. This 1s an extremely permeable zone for
horizontal leakage. At present the uppermost contact zone is dry.
The groundwater is farther down under the dam. The main active
aquifer for horizontal groundwater discharge under the dam is
therefore the second contact zone.

The impervious core along with concrete structures have to be founded
on the dense core of the lava. In the area where no tightening by the
river has occured, area 8 on Exhibit 3.19, the leakage under the dam
will be vertical. Grout curtain will therefore not prevent any leak-
age, and the only use of a grout curtain is an extra safety for the
core of the dam. In Langdlduveita the small dams built there have

all been stable without any grout curtain in an area, where no tight-
ening had taken place previously.

In area 7 the river has at former times flooded the lava flows. In

this area danger of horizontal leakage under the base of the dam exists.
Experience from Langbdlduveita showed a tendency for piping at the base
of the small dams in the area previously tightened by the river.

A grout curtain must therefore secure that horizontal leakage can not
take place under the dam in this part of the foundation.



At the contact with Fossalda there are thick interbeds of sand between
the lavas and Fossalda; this sand interfingers with the lower lava
fronts. In the fall of 1970 this interbed contained higher ground-
water table than either the lava flows on one side or the mdberg on
the other. This sandy interbed seems to be the only place along the
dam axis where a danger of piping can be foreseen. It is therefore
proposed to make a grout curtain into the front of the second lava
flow. When the second lava is reached, the vertical permeability is
so high that an excellent drainage is obtained. The right abutment
of the dam will be founded on tillite or moraine. The tillite is a
strong rock, as will be discussed in the next chapter and constitutes
a good foundation. Grouting has to be done in the tillite to prevent
short path horizontal leakage under the impervious core.

3.4 Diversion Canal

A section along the diversion canal D-D on Exh. 3.24 shows that the
diversion canal is in three different units. These are: 1) On top,
moraine, 6-8 m thick except at the river where it is lacking.

2) Beneath it is tillite, varying in thickness from 0-16 m, and

3) The lowest is the pillow lava breccia and basaltic veins of the
méberg formation Hr,, which reaches far below the zone of interest.

The moraine is usually rather hard, but the uppermost 1-2 m can be

quite loose and weathered. This uppermost part has a seismic sound
velocity of 0,7 km/sec up to 1,1 km/sec. The lower part of the moraine
has seismic sound velocity of at least 1,5 km/sec and even up to 2 km/sec.
It can be worked with heavy bulldozers by ripping, but it is a fairly
hard material, which does not break down into individual grains.

The tillite should be considered as rock. The seismic sound velocity is
over 2 km/sec and it has an unconfined compressive strength between
250-450 kg/cm?. If this is compared to the rock at the newly finished
hydro-power plant at Burfell the compressive strength of this material
is of the same order as that of the tuff on which the powerhouse was
founded at Burfell. Freezing and thawing experiments have shown a

piece of core from this tillite to withstand 200 cycles without breaking
down. Yet another piece of the tillite did only withstand 40 cycles.
Tillite taken from an excavation on the nearby Langalda did withstand
200 cycles of freezing/thawing without any disintegration. These
experiments prove that the tillite can be looked upon as rock, and a
fairly steep slope in it should be stable. Waterfalls in tillite in
Tungna also prove that it is resistant to erosion. The tillite is not
rippable and has to be blasted.

The méberg formation Hr4 mostly consists of pillow lava or pillow breccia,
and it has a seismic sound velocity of over 2 km/sec. Experiments have
shown that it is difficult to rip or even non-rippable for heavy bull-
dozers. The rock should be able to stand at a steep slope as cementation
is fairly good. Existing slopes seen in the Tungnad canyon also indicate
very steep stable slopes in this rock type. Results from pressure tests
in drillholes, shown on Exh., 3.17 show that the Eermeability of the rock
in the approach canal is of the order of k = 10-% to 10-3 cm/sec. An

average value should be 6 or 7x10-% cm/sec. If this value is used for
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calculating the expected waterloss from the canal by an equation taken
from the book "Groundwater and seepage" by Harr pp. 239-240, we get a
waterloss of 0.4 m3/sec for a k-value 6x10-% cm/sec and an upper limit
of 0.7 m3/sec for k-value 10-3 cm/sec. This is initial leakage, which
will decrease rapidly because of silting and also due to gradual de-
crease in hydraulic gradient as the rock becomes saturated.

3.5 Powerhouse and tailrace canal

The powerhouse excavation will be cut into moraine and tillite for the
most part and down to underlying mdberg belonging to Hr4. What has been
said about these units in the section on the approach canal is also valid
here. The only change in condition is that the powerhouse is situated
below the groundwater table and the inflow of groundwater will be con-
siderable. The total amount of water in springs in the area surrounding
the powerhouse is about 1,1 m3/sec. This may be an upper limit of the
possible inflow into the powerhouse excavation. This excavation will be
a major drainage of groundwater from around, as it goes 30 m or more
below the groundwater table. How much the actual inflow will be still
depends on the mode of excavation, i.e. on how much of the tailrace

canal is done at an early stage to take as much of the inflow as possible.
In any case the inflow of several hundred 1/sec may be expected. As a
foundation the mdberg will be quite adequate and the inflow will not
cause foundation problems. The tailrace canal will be excavated into
loessial and silty overburden materials filling the depression at the

toe of the Fossalda ridge. Also, some of it will be excavated in moraine
and even in tillite. Penstocks will be founded on moraine or cut into
moraine which covers the slopes above the powerhouse.
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Skyringar Legend
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Sand fllled depressions
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Lake deposits
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Alluvial deposits |
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Mdranu bakinn berggrunnur

Moroine covered bedrock
Mdébergsmyndanir a8 mestu dhuldar
Moberg form. mostly uncovere
Hraun

Lave fiows

Basaltmyndanir ad mestu éhuidar
Basakt form. mostly .ncovered
Vatnstarvegur { eda hjé hroununum
Water channels in or at the |
postglacilal lave flows
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Exh 0. KJARNA-,LEKTAR.OG JARDVATNSUTSKYRING BV
XN 4 NOTE ON CORE PERMEABILITY m.
ANO GROUND WATER Fnr. 9586
L
S
€
o]
x 0 1 10 100 LEKTAR
= ——t ’1 MELIKVARDI
i | PeRMEABILITY
il SCALE
—— —|—0ow
| ] ——|—o-1ew
100 7/ 7
T //—-— — =10 LU

e _:tr__!///// — 10-100 LU
I////__ >100 LU

‘LEKTAR-0G JARDVATNSUTSKYRING
NOTE ON PERMEABILITY AND GROUND WATER

Jardvatnsbord er synt me§ drvum. Nedri endi
drvarinnar og bpverstrikin syna holudypi¥, pegar

_jar8vatnsbordid var meelt. Ef jardvatn breytist

ekkert { borun, noer &rin i botn.

Ground waler levels are shown by arrows.
Base of the arrows and the horizontal bars
indicate the hole depth when the water level
was measured. If no change in level was
observed during drilling, the arrow reaches
the bottom of the hole.

| LU= Lugeon Unit=11/min/m | 76 mm @ holu

vid prysting 10 kg/cm?®

! LU= Lugeon Unit=11/min/m in 76mm & hole
at pressure /0 kg/cm?

Hoedartdlur jardvatns eru ritadar smoerra letri
en hoedartolur bergs, d borholusni@um.

Figures for ground water levels are shown
with smaller lettering on graphic core /ogs.

Kjarni: Télur syna kjarnaheimtur i %
=+ kjarnataka ekki reynd.

Core: Numbers Indicate % core recovery
: - core sampling not attempted.
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Exh. 3.17

70

Dypi/ Depth k cm/sek Dypi/Depth
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‘. 4' [ 3 ) ¢ J q ° W
10 o — . 10
) LIPS ® |4 4] ¢ '
20 o2 20
’ 1
30 3 30
40 e 40
Hraun og milljlog .
50 Postglaclal lavas and interbeds. 50
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Skyringar / Legend
Lektarstudiar eftir dypi skv. lektarprofunum

Coeficients of permeability with depth accorading fo permeability tests.

. . . LANDSVIRKJUN
Hver punktur taknar eina lekiarprofun The Notional Power Company

Each dot represents one permeability fest ORKUSTOFNUN

ARAUNEYJAFOSS
LEKTARSTUDLAR.
COEFICIENTS OF PERMEABILITY

28 [T HI/0 }L".‘sii' { For. 9728




Exh. 3.18

/ux/\
HP~ 1593990
\é)} .

Skyringar Legand

® Borhola Orilihole

® Pisometerhola Pierometer

A Lind Spring

vid borholur og pisometra er skrifud heedartala

jardvains.Ef taian er innan sviga,er jardvatnsbord  x

+x.m

LANDSVIRKJUN
falskt. ~+Y- 404.000 The National Power Company
The figure at driliholes and piazometers denotes Hadalinur grunnvatns eins og baar voru I
ground water level If it is in parenthesis the ground sept. 1970 ORK U STOFN UN
waler may be perched. Bedrock potential lines as observed in HRAUNEYJAFOSS
Sapt 1970 Grunnvainskort Ground water potential map
Eﬂ.‘ﬂ..r_‘Tl_EKHn_fS::% ) { Fnr. 9729
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blad 1

APPENDIX 1
sheet 1
M.ele:
gzﬁﬂiE%EP“N JARDVATNSM.ELINGAR T BORHOLUM K.B
Groundwater measurements in drillholes Unnid af :
Svasi : Hrauneyjafoss Ar: 1970 | p .
Dags. Heid holu/jardvatnsbord m y.s.
QEQL- HP=1 ) HP-3 HP-4 HP-9 HP-14 | HP-15 | HP=16 | HP-20 | HP-22 |HP-24 |HP-26 |uP-27
16/6 ' 361.50 399.05
1/7 356..67 396.79 o 1391.90
| 8/7 356.66 397.09 | 361.83 8998 | 391.76 _
15/7 356.66 361.88 | 407.34 | .399.46 391.73
[22/7 291.61 o
23/7 356.67 396.89| 362.23 | 407.30| 399.40
24/7 363.60
26/7 361.96 I I D
27/7 361.94 -
29/7 ~ |262,00 363.60| 396.84| 362.32| 407.30| 399.39 391.68
5/8 358.57
6/8 362.03 396.93| 362.54 | 407.26| 399.40 391.65
7/8 356.68 | 363.60 358.61
13/8 362.09 | 356.70| 363.63 358.67 | 391.62 | 359.38
14/8 396.89| 362.96 | 407.27
21/8 356,66 | 363.58 ‘ 358.55] 391.60 | 359.27
22/8  [361.96 362.70 | 407.11| 399.11
127/8 261.98 | 356.67| 363.55 361.96 | 407.07| 398.94| 358.59 | 391.56 | 359.33
4/9 361.91 | 356.66 | 263.48| 396.29| 362.26 | 406.97 | 398.83 | 358.44 | 391.57 1 359.17 | (412.18) 355.7Q
12/9 361,70 | 3s6.49] 363.25| 395.69) 360.84 [ 406,74 | 398,37 | 358,23 ] 391,531 358.99
naf 361.65 | 356.46| 363.22| 395.61| 360.94| 406.56| 398.18| 358,40 391.52 | 359,00 :
30/9 361.98 | 356,46 | 363.22 | 395.61 | 360.94 | 406.56 | 398.19 | 358.68 |391.48 |359.45 |(414.09)(377.99)355.79
6/10 _ I361.91 | 256.83 | 363.49 | 396.40 | 362.65 | 407.17 | 398.87 | 358.40 [391.57 [359.13 |(412.43)(377.37]355.69
14/10  |361.97 | 356.83 | 363.52 | (392.48|)362.10 | 407.10 | 398.86 | 358.48 |391.70 |359.22 |(413.11)(377.57]355.74
16/10 :
20/10 __|361.96 | 356.80 | 363.45 | 396.49 | 362.82 | 407.10 | 398.95 | 358.48 |391.70 |359.08 |(412.63)(377.35)355.71
29/10 _ 361.84 | frosin | 363.44 | 396.35 | 360.88 | 407.09 | 398.90 | 358,29 |391.77 |w59.10 |(412.53)(376.25)355.63
9/11 _ |361.67 n 363.27 | 395.72 | 358.62 | 406.12 | 398.12 | 358.17 [391.73 [359.01 |{411.66)(375.57)354.90
28/11  |361.44 " 363.36 | 394.84 | 357.72 | 405.80 | 397.30 | 358.00 | 391.62 |358.74 |(410.53)(373.20}354.68
11/12  [361.39 " 362.92((391.63] 358.20|(402.30)] 397.87 | 357.51 | 391.48 | 356.35 [(413.40) (378.33))355,44
7/1 362,20 " 363.11 1(393.80) 406.32 | 397.81 | 358.08 | 391.68 [358.94 [(411.30)(375.53)356.04_
20/1 __1361,40 " 362,91 | 395.18 | 358.07 [405.48 | 397.91 | 357.94 | 391.51 [358.76 |(411.52P(373.63)355.35

107020x35F DH



APPENDIX

1

blad
sheet
ORKUSTOFNUN Meele
Roforkudeild JARDVATNSMALINGAR [ BORHOLUM K.B.
Groundwater measurements in drillholes. Unni8 af :
Svedi : Hrauneyjafoss Ar: 1970 P.I.
Dags. Heiti holu/jar8vatnsbord m y.s.
mel - T
ingat | yp-28 | HP=31 | HP-34 | HP-35 | HP-37 | HP-38 | HP=46 | HR-1 HR-3 | HRe4 X P-23 P-24
25/6 418,44 |418.54
1/7 368,31 418.59 |418.60
8/17 368.40 | _ 418,59
15/7 363.04 | 368.39 418.49
22/7 368.36 418,6Q
23/7 363.03 354,81
29/7 363,09 | 368.36 |354.84 418.62
6/8 _..]363.19 |368.40 | 418.69 |
1/8 354,94
n3/8 368,42 |355,02 418,78
14/8 363,35
D1/8 368.35 [354.74 418,59
p2/8 363.02 -
b7/8 363.18 | 368.26 |354.90 418,30
4/9 347.46 362.80 | 368.17 |354.71 418,30 418,53
17/9 362.43 354.42
P3/9 362.78 354,66
B0/9 347,50 | 356.60 357.21 | 363.36 355.23
6/10 47,50 |356.60 398,20 157.10 | 362,83 354,74
7/10 401.14 | 400.20 ‘
14/n0  Ba7,50 1 356.57 | 400,55 (404,72 362.11 354.83
15/10 | (400.9%) ]
16/10 ‘ 400.47{404.84) 362,57 :
20/10 |347.50 | 356.56| 400.28{404.55) 398.53] 357.14 354.58
29/10 |347.47 | 356.48| 400.28({403.81) 398.25| 358.25 :
| 9/11_ |347.43 | 356.38| 399.70{403.90)| 397.59| 397.59| 357.55| 362.34 354.20 418.16 | 418.25
28711 |347.34 | 355.74 397.73{403.12) 397.40| 397.57| 356.78 | 362.08 | 367.58 | 353.33 | 395.76 | 418.06 | 418.70
8/12 _ 418.56
11/12 | 347.44 | 356.21| 397.18{402.88)| 397.23| 396.689|" 356.79|(359.90] 367.61| 354.09 | 395.44| |
72/1 347.44 | 357.38| 397.72[403.41)| 396.85 356.92 367.32| 354.13 | 397.72
9/1 418.06 | 418.30
20/1 347.36 | 356.20 396.87]398.14 | 356.72|361.95 | 367.43| 354.03 | 396.31[417.81 | 418.28
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