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1. INTRODUCTION

This report is prepared by the Electric Power Department of the
National Energy Authority. It deals with the site geology of the
Sultartangi Hydroelectric Project ( Exh. 1 ).

The powerhouse location is planned in the course of Thjorsa about

1 km downstream of the confluence of Thjorsa and Tungnaa and the
dams will extend from Sandafell in the west to Vadalda and again from
that hill in a southeasterly direction to a moberg ridge, which is to

a large extent covered with postglacial lavas. Thus, the right
abutment of the dam and the powerhouse with related structures are
situated in quaternary rocks ( Old formation), which are generally
fairly watertight but left bank dikes and related structures are
located on postglacial lava ( Young formation) which is generally

highly permeable, though to a varying degree.

According to the present design of structures af Sultargangi the maximum
lake level elevation is supposed to be at 303 m yielding a head of 37, 2m.
In accordance with this the capacity of the power plant will be 150 MW.

Information on the geology was mainly obtained by core drilling and
general geological mapping. The part of the work dealt with in this
report was mainly accomplished in late 1974 and in the midstof summer
1975. A total of 301,33 m were drilled these two years. These
investigations were an extention of the geological studies carried out

in summer 1971, which included the drilling of four core boreholes,
ST-1, ST-3, ST-4 and TH-3b, a total of 193, 7 meters, with the purpose
of locating structures according to a previous plan as well as general
geological mapping in the Sultartangi area and its surroundings.

That summer two shallow holes, SB-l1 and SB-2, totalling 30,9 m,
were also drilled on a proposed site for a bridge across Thjorsa (Exh.1).
(Kaldal, I. and S. Vikingsson, 1972).

In 1965 3 core drillings, TH-2, 3 and 4, totalling 128, 6 meters, were
carried out in the area mostly for groundwater studies in the postglacial

lavas.



In October and November 1974 five core boreholes, ST-5, 6, 7, 8 and 9,
totalling 119, 8 m, were drilled in the Vadalda area. These holes were
drilled with regard to the location of the dams of the Sultartangi project,
which then was planned 0,5 - 1,0 km farther downstream than suggested
in the previous plan ( Thoroddson and partners, 1972 ). Boreholes ST-5
and ST-6 ar located on the left bank of Thjorsa and Tungnaa at Tanga-
foss, but ST-7, ST-8 and ST-9 are situated on the lava margin west

and south of Vadalda on the proposed damsite (Exh.1).

At the same time a rather great number of trenches were excavated by
a Caterpillar D-9 bulldozer in the first place in the search of material
for dam construction ( impervious core ), and secondly for geological

studying of the uppermost part of the lava THi whereon a great part of

the dam will be situated.

In addition seismic survey was conducted on the proposed damsite,

mainly between Thjorsa and Vadalda ( Holmjarn, J. et al., 1974).

In June to August 1975 four core boreholes were drilled (ST-10, 11, 12
and 13) in Sandafell about 1 km downstream of the confluence of Thjorsa
and Tungnaa, altogether 181,5 m. They were all drilled with regard to
the locating of the powerhouse ( Exh.l ).

The relatively extensive drilling in such a restricted area, at the
proposed powerhouse site, is partly due to irregularities in the
stratigraphy as there appear two basaltic lava layers in ST-11 and

ST-13 which are not present in ST-10 and ST-12. The margins of these
two layers therefore are somewhere in between the two pairs of boreholes
and furthermore the lower layer is highly scoriaceous, at least in bore-
holes ST-11 and ST-13 and in Sandafell just above the confluence, and is
consequently highly permeable. Other layers are very tight.



2. GEOLOGY

As more thoroughly discussed below the stratigraphical section is divided
into two units, Old formation ( middle quaternary ) on one hand and Young
formation ( recent and late quaternary ) on the other ( see Exhs. 2 andl0).
The division is made with regard to the great 'age difference of the rocks
in the Sultartangi area. These two series of strata also differ markedly

in general characteristics such as porosity.

The Sandafell and Vadalda hills together with contemporary rocks
concealed below postglacial lavas belong to the so-called Old formation
(age 0,7 - 2,4 million years ), but the moraine and tillite resting on
the Old formation and the lava flows surrounding Vadalda and reaching
down to Thjorsa, as well as interbeds and moberg ( Skammalda moberg)
make up the Young formation ( age £ 10.000 - 12.000 years except the
Skammalda moberg, being most likely £ 70.000 years. old).

2.1, Old formation

This formation dates from the Matuyama magnetic epoch beginning 2,4
million years ago and ending 0, 7 million years ago with the advent of
the present magnetic epoch, Brunhes. During this epoch the magnetic
polarity was reversed as compared to the present normal state.

Within the Matuyama there occurred three magnetic events of normal
polarity, each lasting a comparatively short time. Olduvai, the earliest,
occurred about 2 million years ago, the second one, Gilsa, began V1,8
million years ago and lasted for 0,2 million years, but the most recent

one, termed Jaramillo, occurred just 1 million years ago.

The normally magnetized layers on top of the conglomerate in Sandafell
( Exhs.11) probably belong to the Gilsa magnetic event rather than Olduvai

and the same most likely applies to the normal basalt in Vadalda.

The pile of strata in the lowest part of Sandafell is characterized by
slightly feldspar- and olivin porphyritic ( £ 10%), coarse-grained basalt,
doleritic basalt. Yet, the uppermost layer in Vadalda as well as the
lowest but one layer in Sandafell ( cf. Exh. 11, ST-11 and ST-13)
consist of fine-grained tholeiite basalt. ( Tholeiite is a subdivision of

basaltic rocks, with respect to chemistry).



In the lower part of Sandafell sedimentary layers are only to be found

in one place, consisting of conglomerate highly varying in thickness

(0,5 -6,9m ) A fairly thick sedimentary layer is also to be found
above the pile of strata discussed in this report, i.e. above the elevation
of the proposed structures, ( see Kaldal, I. and S. Vikingsson, 1972).
Up to now this layer has been considered to be the same as the one
found underlying the reversely magnetized fine-grained topmost basalt

layer in Vadalda as described below.

Sandafell

As shown on Exh. 11 all the boreholes in the Sandafell hill (ST-10 -
ST-13 ) terminate in the same layer, i.e. reversely magnetized doloritic
basalt. The same is also true of boreholes ST-4, ST-5 and ST-6 on
the other side of Thjorsa.

In boreholes ST-11 and ST-13 there are two basalt layers intercalated
between the above layer and the conglomerate layer. The lower one is
highly scoriaceous and permeable tholeiite, but the upper one is composed
of fairly impermeable doleritic basalt. These layers do not appear in
ST-10 and ST-12, here the conglomerate rests directly on the ''bottom"
doleritic basalt and reaches 7 m thickness. Somewhere in this interval,
i.e. between ST-10 and ST-12 on one hand and ST-11 and ST-13 on the
other, the margins of these two layers are to be found below the con-
glomerate ( see chapter 3 ). The overlying doleritic basalt layer tends
to even out this irregularity in the stratigraphy ( Geological map, Exh. 3)
having overrun a river channel or alluvial plain (cf. the conglomerate )
whereby its lower part has brecciated, as can be seen on the graphic
core logs ( Exhs.7 and 8). This layer is by far the thickest in bore-
holes ST-10 and ST-12. The brecciated basalt is overlain by a rather
dense, doleritic basalt layer, the uppermost layer in boreholes ST-10
and ST-11.

Vadalda

At the roots of Vadalda there appears a normally magnetized doleritic
basalt layer (Exh. 9) in which boreholes ST-7, ST-8 and ST-9 terminate.
This doleritic layer belongs to the upper part of the pile of strata



penetrated/ by the boreholes in Sandafell. This layer is overlain by a
sedimentary layer appearing both on the north-western side of the hill

as a moberg-like, well consolidated conglomerate ( at least 6 m thick )
with basaltic and rhyolitic pebbles and on the south-eastern flank of the
hill where it consist of tillite, >5 m thick. On top of this sedimentary
layer, i.e. forming the topmost part of Vadalda, there rests fine-grained

reversely magnetized basalt, dense, fine-jointed and flow-banded.

The sedimentary layer and the topmost basalt in Vadalda probably are
the same as found in rather poor openings farther to the west in Sanda-
fell ( cf. Kaldal, I. and S. Vikingsson, 1972 ) uphill from ST-10 and
ST-11.

2.2. Young formation

This formation is very young geologically, £10-12.000 years old,
except the moberg, which is probably < 70.000 years old. It is
composed of moberg ( Skammalda moberg ), tillite, recent basaltic
lavas ( tholeiite ) and interbeds (Exh. 10 ) consisting primarily of tephra

( ash and pumice ).

Vadalda is concealed by a rather thin moraine/tillite cover, which is
probably present in drillhole ST-8, and is about 9,0 m thick in ST-9 on
the eastern side of the hill. The tillite is also fairly thick, 8,5 m, in
drillhole ST-6, but has been washed and weathered away in ST-5 and
ST-7.

Two lavas have flowed down the passage between Thjorsa and Vadalda,
THf( ~ 6.000 years ago) and THi (~3.000 years ago ). These two lava
flows rest on interbeds, each about 10 m thick in drillhole TH-3b, which
is the only hole located between Thjorsa and Vadalda penetrating through
both tha lavas and the underlying interbeds.

In drillhole TH-2 south-east of Vadalda the same interbeds are much
thinner, 3,6 m and 6,3 m respectively. None of the ST-holes drilled in
1974 strikes the THf lava, but in TH-3b its thickness is about 16,0 m
and on the proposed damsite the maximum thickness of the lava according
to a seismic survey is 9,0 m while the width of the lava tongue is
approximately 1.000 m ( see Exh. 5, section A-A, Holmjarn, J. et al.,
1974).



The lava flow THi conceales any indication of the lava THf in the Vadalda
area. It is by far thickest at Thjorsa, about 25 m in ST-5 and 6, but
thinns out in the direction of Vadalda. In TH-3b it is nearly 14, 0 m thick
and at the lava margin by Vadalda it is 10 m and 8 m in ST-7 and ST-8
respectively. On th southeast of Vadalda the lava seems to be of even
thickness as can be seen in ST-9 and TH-2 where the thickness is 11,0
and 13, 0.

2.3. Tectonics

Results of precise measurements of the strike and dip in the Old forma-
tion in Sandafell show a strike of N 76" E and a dip of 1,8° - 2,0in

a southerly direction.

According to studies of aerial photographs the tectonic lines in Sandafell
follow two dominant sets of directions, a SW-NE trend on one hand and
the strike direction on the other, i.e. N 70-80° E. There is clear
connection between strike direction and tectonic trends. This tectionic
trend is probably older than the dominating SW-NE direction in southern

Iceland.

Dip

Very precise measurements of the dip of strata in the Old formation in
Sandafell were carried out. They were based on comparing contacts of
strata in boreholes ST-11 and ST-13 to identical contacts in Sandafell

upstream of the confluence of Thjorsa and Tungnaa.

Measurement I :

The contacts of the doleritic basalt underlying the conglomerate and the
tholeiite in ST-11 and ST-13 and two points of the same contact just
upstream of the confluence of the rivers, altogether 4 points. The dip

is 2,0° in a southerly direction.

Measurement II :

The contacts of tholeiite and "bottom' doleritic basalt in the same bore-
holes as above and the contact of the doleritic basalt and normal
magnetized non-porphyritic tholeiite located about 0,7 km upstream of

the confluence of Thjorsa and Tungnaa, altogether 3 points. Between



these layers, i.e. above the confluence, there appears tillite ( bottom
moraine ) of highly variable thickness with large boulders ( > 1 m ¢
This point of observation is selected with regard to the limited erosion
it has been subject to. The observed dip is 1,8" in a southerly

direction.

Tectonic lineations

Studies of the core samples from boreholes SB-1, SB-2, ST-1, 3 and 4,
drilled in 1971, revealed that the core from the Old formation in ST-4
belongs to two layers, which were not logged separately on previous
graphic core logs ( see Kaldal, I. and S. Vikingsson, 1972). The upper
layer is scoriaceous tholeiite but the lower one consists of doleritic
basalt, ( Exh. 12 ).

The above studies thus may point to the presence of a fault having a

displacement of 5-8 m somewhere between boreholes ST-4 and ST-13.



3. GEOLOGICAL SECTIONS

Section A-A (Exh. 9) connects boreholes ST-5, TH-3b, ST-7, ST-8 and
ST-9 and shows approximatély the stratigraphy on the proposed damsite
extending from Thjorsa to the southeast of Vadalda. In fact TH-3b lies
about 250 m north of the damsite, but as it is the only borehole located

midway between Thjorsa and Vadalda, the section is made to run through
it (Exh. 1).

Section B-B (Exh. 9) connects boreholes ST-4, ST-5 and ST-6 located

on the left bank of Thjorsa/Tungnaa running parallel to it through the

eastern part of the powerhouse site.

Section C-C ( Exh. 10) runs through boreholes ST-10, ST-4, TH-3b, ST-7,
ST-8, ST-9 and TH-2 and is projécted from there to the so-called

Skammalda moberg ( see location of section on Exh. 2). Thus the section
shows the general stratigraphical relationship in the proposed powerhouse-

and damsite areas.

The section is inaccurate from borehole ST-9 to the Skammalda moberg
as there is only one borehole in this interval, i.e. TH-2, which is as
much as 750 m outside the section and does not reach the Old formation.
The graphic core log is actually extended almost unchanged in both

directions.

Sections ST-10 - 12, ST-10 - 11, ST-11 - 13 and ST-12 - 13 (Exh. 11)

connect respective boreholes, which are located in Sandafell, as shown on

Exh. 1, in the area of the proposed powerhouse site. They show clearly
the irregularity in the stratigraphy. Two rock layers appearing right
below the conglomerate in ST-11 and ST-13 are not found in ST-10 and
ST-12. Their margins therefore are somewhere between the two sets of

boreholes.

The above correlations are schematic as far as sections ST-10 - 1’1 and
ST-12 - 13 are concerned and the margins of the basalt layers under-
neath the conglomerate are probably steeper and/or tongue shaped extending
farther in the direction of drillholes ST-10 and ST-12. Consequently the
conglomerate does not reach the thickness shown on the above-mentioned

sections near the margins of these rock layers (cf. Exh. 3).



Sections S-6 - ST-12 - ST-10, ( S-6 is a stake in measured cross
section in Thjorsa ) and ST-4 - ST-13 - ST-11 ( Exh. 12 ) show the
relative position of strata in the left bank of Thjorsa ( Young formation)

to that in Sandafell ( Old formation )Jon the right bank of Thjorsa and are

obtained by correlation between the above boreholes ( S-6 not included ).

For location see Exh. 1.

As discussed in the chapter on geology the presence of a fault between
ST-4 and ST-13 may clarify the irregularity of the stratigraphy, but the
location and direction of such a fault is rather uncertain. Yet it
probably strikes approximately SW-NE in accordance with the general

pattern in southern Iceland. The displacement may amount to 5-8 m.

In the first section there is also some uncertainty as to the thickness of
the conglomerate as well as the interbed ( tillite or eolian deposits/tephra
underneath the lava THi, but in this case no correlation is made to the
borehole on the left bank of Thjorsa.

In the latter section there is also some uncertainty as to the thickness
of the tillite underlying the lava THi in the interval from ST-4 to

Thjorsa, but most likely it thickens in the direction of Thjorsa.

Where correlation is based on boreholes and known contacts, such as at
lava margins, contacts are drawn with unbroken line, but in cases of

uncertain or projected contacts dashed lines are used.

The limits between scoriaceous surface material and solid lava are not

drawn because they are indistinct and variable as can be seen on Table II.
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4. DESCRIPTION OF TRENCHES

In Table II is a description of 10 bulldozer trenches, all of which are
located on the proposed damsite, which is shown on Exh. 1. East of

Vadalda there are two damsite alternatives.

Trench No. 4, 6, 7 and 8 are onblava west of Vadalda
1" 1" 9’ 10’ 14 and 15 1" 1" " east 11 "

" " 12 and 13 on moraine on the eastern flank of Vadalda

The topmost part of the lava west of Vadalda is, as can be seen in
Table II, clearly different from what it is east of the hill as west of it
the rought scoria is clay-filled and there are heaps of pumice together
with loessial soil and layered sand/silt fillings between pumice and

scoria. These are not to be found east of the hill.

Vadalda is widely covered with moraine, the first 0,6 m of which are
very sandy ( i.e. weathered), but below it is very hard (tillite ) and dense.

When ripped it breaks into flakes due to pseudo-layering.

Trench No. 8, eastern part ( cf. c in Table II1), extends beyond the

margin of lava THi.

0,5 m Loessial éoil and eolian sand with boulders, raised by frost
action.

0,2 m Pumice, black and coarse.

1,0 m Pumice, black and light, rich in feldspar phenocrysts, cross-
bedded. At bottom lava boulders with large feldspar phenocrysts.

1,2 m Sand, black and coarse, feldspar phenocrysts, either rounded or
not.

1,0 m Sand and pumice, black with light grains of pumice, layered.

3,9 m
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5. PERMEABILITY MEASUREMENTS

As can be seen on the graphic core logs, Exhs. 5, 6, 7 and 8, the

Old formation and the tillite in the Young formation is almost
completely watertight in all instances since the widely fractured bedrock
is everywhere very clay-filled. Yet there is one exception as the
lowest but one basalt layer in boreholes ST-11 and ST-13, which is very
scoriaceous tholeiite, is highly permeable and appreciably lowers the
ground water table. This is shown on Exh. 11. On the other hand the

lavas and interbeds of the Young formation are often highly pervious.

As to lava THi the middle section is least permeable ( ST-5, Exh. 5 ),
but as could be expected the lava margin at Vadalda is highly permeable
(ST-7, ST-8 and ST-9, Exh. 6 ), due to the combined factors of very
broken, vesicular and scoriaceous lava. In this connection it should be
pointed out that the results of permeability measurements at the middle
section of borehole ST-8 are not reliable due to difficult circumstances

when tested and a faulty flow meter.

The contact zones of lavas and interbeds are conspicuously most perme-
able together with the scoriaceous surface zone of the lava ( ST-5,
ST-6, ST-7 and ST-9, Exhs.5 and 6 ), the thickness of which is very
variable as shown on Table II. With regard to leakage the surface
scoria and lava margins are by far the most critical places from an

engineering geological standpoint.
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TABLE 1

LOCATION AND DEPTH OF CORE BOREHOLES AT SULTARTANGI

Elevation Elevation
No. Coordinates ~of casing of bottom
of hole X Y m Depth m
ST-5 576, 091 409, 220 284,3 35,1 249, 2
ST-6 575, 884 409, 442 282,5 35,2 247, 3
ST-7 575, 472 408, 758 281, 1 14,2 266, 9
ST-8 575, 440 408, 752 281, 6 13,0 268, 6
ST-9 574, 360 408,512 289, 7 22,3 267, 4
ST-10 576,678 409, 136 305, 7 - 65,1 240, 6
ST-11 576, 487 409, 215 302, 2 - 48,5 253, 7
ST-12 576, 620 408,994 284, 3 40,5 243, 8
ST-13 576, 422 409, 143 287, 3 27,4 259,9
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/// — >/00 LY

LEKTAR-0G JARDVATNSUTSKYRING
NOTE ON PERMEABILITY AND GROUND WATER

Jarévatnsbord er synt me§ drvum. Nedri endi
érvarinnar og pverstrikin syna holudypi&, pegar
jarévatnsbordid var mcelt. Ef jar8vatn breytist
ekkert { borun, ncer &rin i botn.

Ground water levels are shown by arrows.
Base of the arrows and the horizontal bars
indicate the holeé depth when the wafter level
was measured. If no change in leve! 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=1l/min/m in 76mm & hole
aft pressure 10 kg/cm?

HeeBartslur jarBvatns eru ritadar smoerra letri
en hoedartslur bergs, d borholusnidum.

Figures for ground waler levels are shown
with smaller lettering on graphic core /0gs.

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

Core.: Numbers indicate % core recovery
= core sampling not attemplted.




1521 .E..._lﬂ SR SR CR ]

2ee-8]

w.etnh,rk% $907 3409 IIHI V&9
990 S-1S WNI0HYO08 4V GINS

NAPHHIAVONVYLHVYLIINS

NAN4OLSNMYYHO

0
ca gt by ey vy

oul
dba
yidag

yx3
S pukn

b YX3F 893S 4840M PUNOLD PUD ALif1qDOWad ‘9409 L0 30N
t pukwi ofs ' ButiAnsinsuyoaginf Bo- Jopyay‘-pbuioly

1 °Yx37 88S UOHDI07

‘| pukw pls buiujespols

‘ywpi
9 'yx3 39s puabay 4 AAT
g puhw pfsiobunfyg oyt LAAA
| i AR
- baaqinyop
X foo .tuxn.ﬂhq"qﬂmsmm ‘
\ _]I X X
“ 3R
) :
’ w
\ _o.o. XX
&
4192220 K :
00| ’ ‘ap
PR
oot X
00} ME
0L
80.2
3
oot 2
X X
5000t
ool *
S
. ool R
. 772 e Tve-S€ T 479 .mw"""
osmuecﬂw:&% 20 B \ i “san [
S aae 151 oo 2R
— LAA / P LR
AAR % 1 — SRR
AL X 1001, B
oot vvy % ool S5
NAA4 [ it
— AR ZZ BT RN
i AVAYAY] _ [ X
: 48 220|VV VY ' f
ool AARAS Lot R
i EIAA [—— : 479 535
AAA i Y 2098
o VvV i ..mruwn.i ;
| || — A , + O ;
70, T <<<4 : (Hosog Hong RS |
o 'ywoy 9-1S oo 1 9-1§ Sese
n = ™ n ES ™
411718 BM mw NOILV II41SSVPTD m w 411718 MM m NOILY D/ 41SSVTD ﬂm mH.
TN TB(o1  ONINI3MD 3§ [VINET| S| ONINIZYD o
A3 { 3 _ N 137 3 S

‘ywoay

N

N

LT AR

x
%

9 ON_
m,mwwm

] ————
,oo.
, e
S
710 B
‘sen
001
RN
1 ZebeSE 2
P - — s
i . X
moo_n ” HAXXRK
! o - oot ,xx 2%
o~ | u . B
Co . L — Ml - .
i 42 C $0q10d 4719 3
“oon: \nn C 1OS5q 101} 4095
R @ - \paysas oy -+
" ¥204paq pio -
" biaquunig - uapingien0
i Jo55— [ 952 ! Q40qayk ysnoy
"ywoi G-1S G-1S
L —_—
nl u_ 1 nl E} .
421718 |o | § | NOLLVIIFISSVID T < iLrg |D<|2 MOV 31SSVTI
" 2, Q . <z .
VNG| XS ONINITNO 3 i w.«%ﬁaw.ew, 9NINITHO
I Y 3 1437 g

k]
QGIH




. Nnm-m:w
h l, i‘;\\
R .

6PUD8Y-15 SIOT IHOI NHIVHI
690 8'2-1S WNTOHHOE 4V GINS

NNCHYIAVONVLYVLTINS
-] b YxJ 335 19{0M pUN0IE pup ALIj1qooW13d ‘9.40 U0 3j0N

NANAO LS NMHO - PuAw pfs‘BurskysinsuioAQDl 60 -10448] - DUID(y

1 'Yx3 83s uoyDI07
‘| pukw ols Buiujasqolg

N T vI59) A B
] _ “@\Eﬁ\c £ :
1401901q / 40/N2ISBA = 'S3A a _ | |mequumig  jop ; B
' T oo T vys o B
oysolb / piyday = 9/ - o AR _
02 fl L
MoUIRdS / AUl = ys | | 47279920 %<<<< - 02
7 i i
DS 7 Ayts = s - I <<<<A W
juuay||olb /$n08301100s = 409s - i " .q<<<<<< -
NpuOS / Apuos = o5 ] 0 ooy, T Tevey ﬂ
WOUP /oKtufydiod =  sod 4 q&dqd N
QDIS WIS D / A7/DUOHD3IO = ‘290 — P VYAAA =
. 4 AR -
uBIPW / FuDIOW = oW ] ous 412 920 |99V r
Wkyney s.sBuiyty Aopo = §19 Gl— Giaginyier  ys <<q<m L1
wkiboib , ay19/0p = 1op - ‘8 w“wqum T wwN C
nad s asuap = ap 7] lousat ioN: + : 412 -
. . - L __ _vuvy |_1y904p8qpo 587 -
unbiyL|0S0q £ //OSOG =  SDG n \\ ” 7/ Qqq%« resE & Biaquunig /0P 892 L
SNOILVINIYEgY ] A — — — _*hyuy 5442 I ) -
‘HINVAVLSWAVNS i o CAAALE ® 1 ety C
. " SUIDION DS 190y © ¥204p59 PO op g -
- i, Dudson VYV 68.2| Biauunig \ i’ &
7 T 7005 26l yop” 177 SoA U . R
ol— _ 7078 | 822 \ | ez ol
- ! .00t g B3 ow 08| -
— P S i -
2 T X 23 : %mﬂ&t\ 8 1§22 b 442 -
- o o OHIR = L
pazyaubow 354313y ] . 290 BRI .\8“,_|| = BELZ i op 8
goubowynbas 16n)Q @ i oo 4095 2. o
. 7 1o, . 598 KIXRX 412 200 m [
pazuaubow Apwiop B i O X Lo .
poubowinbas oy @ = Pt ap RIS =1 - -
¢ TR - — R , o -
84149107 — SR 537 290 KX SR 100t s9A B
14416019 - \ oos BES S | a
= A os i -
. au1LL "dUIDIN [GTTY B A B 19 N . B B
1291MHQr  DUSION fVV VY 5 _ . <on | | % "
_ H o % -
paqiauy ,, |ossarian . ; 'H1 0 = 419 (30002
Bo|Iitw E . _ ' RERIYEY 1025 ! '$0q 104 pRAses \<_ = Iyl 2005 RS -
- 's0q 10d . 410509 HoI:Q ! '$0q 404 esetaeds =~
0AD] 214j0508 BN ol.l ! 4osoq 4i01:Q | #77 4095 | 3 i i . 110s0q yoila Jrenens v,..lo
unosyiosog  EESEE w PO 6-1S 1682 IR 8-1S 9782 w01 o 1 o l-1S Iz
1dhq kg
uapINGIaA D , . .
60(5g10qu13A }SN07 4dsa R = - = = = m u_ ™ qidag
420718 e | 8 | NOIVIISISSVII R £ A28 | D2 | NOLLYIIFISSYTI ¥ £ 411718 oo | 3 NOILYII41SSVTIT o
ONF9FT— UVONIYANS - IneId X< 2 NINIgHS B LI\ S| 2 N SR (PINEIARS S oNiNiFye 13 D
RN 2 3y ® NS ONI © ) _ s @
yx3 ISEARRE S 37 S S L | s

pulp




goggl "ud|

Zec 4] 201 poim

€2 JULiO'H/r1g gL 019l

lool "o/ puo ser’ur oW | mmmmm
77 UG ] - 15 %89 0403 914029 . /1 ] TEER -S9O L __ _san BT
1180 0} ~1S wnjoysoq 4o QS 7 sc of puo 'sen maa— 4 19900
iIejppuog ikl L pai55, bol of Uy 1am e L \4 A N i==ss:
NNPAHIAVONVINYLINS o ‘op [ 09 9P ey
7 az2.d |-oe it i ! T T
NANJOLSAXYO \\\\ oy | # 19 M 10953561 - Tl T THHE HHH
_— nSuE 7 T I 1 (N ot 5 o ¥
7 vs-0s xo i ﬁ bo mmm_mm 2o ||| 709 puo of sen EE
- 7 mnmﬁm L vt 305 puo 194 ]
\ o I Aln i oo sonfri
\ i . bo et p — ﬂsﬂmmmw
b YX3 095 18,0M punosb pup Alijiqoeuised ‘9109 uo joN - L T — — —HHH
b puku pls Bujsfysinsuioagiol 60 Jopyel'-ouioly / o A —h ]
o ofurg70M 62 \ B HHH e
| | R aN . [ B of “sen u FHEFH
/ yx3 905 u0iy0207 / 90501 s s " et o0 g osrom
't pukw ols Bujujesgoig %7 (OUC) poy of 4y § 19 920 [ "ony EEEEH
’ on oo [EFEEH | 5o FHH
- | oo % 0l < i . $64 220 HHH
) . : 840139645 Y
( 4hd) 20u8yd ! ap T PBIOI2: A
L— M ai0800 \ ﬁ o bo / oo.m._ﬁohml e, ve 2
A /1441Bpi9 bsz| | A HEH ]
; | bol?2@erBuoa/ Bi8aTIGA | " zm._mm w {Pof FHHHH
A4 SPuDS 444 8P FIITH -02 | - \ L ]
/ B § " HHH : - H - ieaady
\ I e 2 i i
ook somsmpd || 7 : > Y
05— |7 : ‘ HHH N/ oJ H F1om B
) 1 — azds + -~ \ ! ) a | — ‘OP
1 . / T ¢esz a\\ H raasay
HHHLES T HHH - T H I
- i ool | 2 HEEEd
ool HEH 209 pup of u A -Gl daiea _
] HHH , | 08 puo 713 m.mmmm ] 1l . it
: = \ 400 wmm Z of g ® #om i
] "ol uryyom TR op-'saa L - ﬁ\ - Y ) ¢ o
_ I HHH ‘ e HHH 00} % O/ > J0UeY A
b ool opason [ TTE \ 00l po;ps900.8 sEii B A ® : ™ 8118100 84 mumn,
| ] T 7 _/eoisisyeig s oot % O/~ 2004d da22 /1446019 tHHH . ve2
HHH —-® _ m 84118100 assa 10 M 1035 ="80R [T111{8.V63
J poysey oo nmuwn 001 % Of> 20U84d o7y ummnm i - /. ukiboig . : T TR
on T / 1 # e44000 o mep = HEH . e |
7 - ® it ool 7 14K3bpig o7 pu H -0l e w...w.,.un 29 Hmmmm 1'962
< S84 U 4 19 M S84 .mmL , 84016uW0/6U0) g5 L0 HHH
- oo o0v0yd Humn - T\ 72 M 2005 =584 T2 r \ bol 7 /0u0s  ap o0 oL ]
; #om Y, — — — JLZLLLIEY 2% of ury 7o
ov j w 84148190 o) - soss ] 12 "4DA st | Z1ln . ° #6592 I " o n,nnmum
| o8] nsoag - L ool Lol wy jom D | / P ,Eu \o\;\.m o ool ® A
9 i susan \ 8 e 1 snugs
O ep 7 P n190p |5 . 00! % 07> 20uyd iEfakt
s § 4'19°0P [t % ruNENg
(o] % 0/ > 20ueyd = - ‘- VY T . iEEnas
L o8 9 anas Z 5ot i 01w 84148700 HHEH
H wyom m 84118100 7 Po Saaas | ool '1A1601 HHH
L T T oo wops du B | ps | o son 0 2o A e i
| - - 779 508 Mu.m A 7 WbD4y 'S0q "$34 220 {ZIIT B poises
— — — — ke s 'saA pup of uy §13M : euipion
1 v/, Sp I e S 862 bol i ap b Jon /7 ughanyop
| 7 ‘of pup s34 paisas | SUIDIOH PR L. 419 3p b
Gg \\ Z . @ wirn oy | /-ugnaynxop R e - Aoy 04'm
i \ or> wU . A/ 9} M %om. r — —
7 z - . Q\i 4025 - 0 #2pub 4 19 M iy 10§
z 7 02 ouey 1108 L oo Rl — B 7 1nBengiop
- 84/18/p4 1 / anBeAguop N B v
d Z [I__/iosog T zzoe O ‘ywoJd} Ol —L S odror | 0i-1S§ 1808
w o't o "ywpdy |]-18 ooron i H-1S
1d4a - = ™ n1 = iy
) X ™ n1 = > Qe |8 *x
videq n1 & S O aloc(e ¥s Q2| wmouvorssvio ¥ x ALrn8 |s<|3| NOUVIIASSYTI T
atryg |RS| WOLLY1415SY 70 |3 E e |R<|3 | NOHYOLISSYI S & RIS N s t) 8 v | S ONINIZYO 3o
INGF| NP S ONINIZYO 3o IS S ONINIZUD g s | I3 S 31| |3 y
ITER 3 > 1X31 3 = =
yx
N 7

/1

puip

-0

1dAg
yid8g




$9G¢| .ucn;’! ~ 2g€-8 2402 eoig

v2t JuL[oH/r1g S, 09l

g£/punz/— 1S sbof 802 21ydpig
€160 21-18 wnjoysoq 40 QIUS
i|8j0pung
NNPHHIAVONVLIHVYLINS

NAN401L SNYHO

b 'YX 99S 18/0M punoib pup Aij11qoewsad ‘3102 uo 8jON

t pukw pfs BulifysinsujpAQip( Bo-ipn}ye}‘-pDuUIDly

] "Yx3 9as uonpIo7
| pukw ols Bujujesgoig

1eqouoz = 0z
iouje)soisiab s sey00z = ‘8z
}4DIqQWDS/ popIaM = oM

Qaw,/ yymM = m

aN1Q0Iq  1101QQ1Q /S8/2159AIDN21SA = K2
1DQ® - (}|0SDQq)/SU/PA = 164

1181 J4DAY /AD/2 poAIDA = 19°DA
Bolw,/As94 = ‘A

UUBN NI /SN0820440) = 40§
W40 = 4

oysolb/osydey = 84
inbeaguol///08 = ‘08

I/ s9//0ws = ‘ws

(oipw) His/41s = s

110[B * yuuey||oIB /011005 ‘sn08IDII098 = 409S
UUI3)SPUDS /QUOISPUDS =  YSDS

. ANpUDS/puUDS = ‘DS

WL} /I8Yi0s = ‘04

uex0J4kd seuexoifd = uAd

10)p/ syshsa0usyd  =doueyd

QOpYl/ POZIpIXO = X0

QOIS WNNQIS D/ A)0u0HDI20 = 290
obejogo /Ayuow = ‘uow

DJlBW /90U = w

ysoli/ yby = "

bo|/ss940) = Ao/

pibunads “anbunids / pejurof ‘sjurof = of
104q/sqvewbosj = ‘wboij

(QIDisDUION) Ul s BU/ = Y]
Hiky'aoBuINKy spoyy14'sbully = ¥
Hed, /osusp = ‘8p

Hel /A0 = 19
iodpNs'WNIOY / S8//ADD =  ADD
©04315%31q'DISY34q / P/ 012994 = 4q
ioBunynuy s ssepinog = pynog

HDAS/ Y2019 = 19
inysispq’y|osoq //-4/0SDG =  'SDG
:SNOILVINIFHEEY

:HINVIVLISWANYAS

yx3
pukp

7 665y |
@ ofury -
%O/~ 20uqd 1512 -
‘M 84118/00 M P
/14£18pag —S¢ pozigoubow A1351948y
AT Bow|nbas 4bn ®
yrom ser EE ool | /goudbowinbas 4bniq
: L poziaubow AljowiopN
/ @oubow|nbas 139y @
| 841181044 *10s0g ;
412 A - / V9194 ‘41psog %
u@% ~soaa Loz 84040w0/bU0Y
Baagnio
w0y> s0084d B /B19gnion
" 94/18/04L- &M\M\S
/Hosog [ /14A1bpug
0505 X0 [ L supiows pup /108
#715=12 M 095 L 012 /inButupnapnyol Bo anBeagiop
el o ONI9TT-HVONIYANS
yus—yomof L
Saess B
‘80-"S94 [
@\ @ m - €Y ‘\
%0/ H -0l : -0t
(Ad) dousyd H ool
M 84148100 . - L.
Ka6p. »
/1040019 BENE] & ‘l - - r
s108w0ibu0) 104 | w“w.m\. Juspuojom i
/BI3gnIgA 8P po°e° 8 o of
@. %0/ > 305 pup Mm N4 L P o -
oouveyd 7 . H
ool mayus0g 57107 Mn L s¢
/1kibpig 4D M T -G
___ olpupsans - |
paysey o
‘o suIop B ] i - L
/ ugninxop 0.0
Ao/ 8y M 0D L
- .b, I \4 Y 1S puD 19 M of A
/108 t bof 0z 58/ M o
_ | /nBaaguop Lo § k.@m L Loc
o0 g | 0 ¢i-18 ei82 ‘Ywod} Z2i—-19
M o lE Yy m LB 3
ALIUE [ §<|3| NOMLVIISSVTI |3 W_ 441718 |5<|2: NOILYDIFISSYTI |3 W_
YN T N | S ONINIIYO 3o VIS TN S ONINIZHO 3o
1%37 2 S 137 < 3

/1

7 y
7 i
Y ] S
\\\ ) HHHH
mEmam
0ol % Of~o0usyd auses
M 84148/00 HMH
\ | | /ufaboug i L iaaa
ot o
ool 'pINCq ws M nooo °
E FIS=1o M 0/*8p ) o 0°4
\\ De o GD
7 | e ___}%e°
R IVERAREY
00”0
7 —— —{e%s
2 loo| 02004
o’ 5%
\ pinog 'soq o m o
a1 81q upw |0’
: ‘op|°one
7 8/010U0/BU0Y %5 o]
V7 o oo
oo/ Baaqn|A R
: vJ . g ep
\ 82 pup § DS—-1o°M
o 402 puo ‘of
ﬁ “1ASDG 'SOA'M
7 q-nap
7
w.o\ 00
\ +
\ | 209 puo of
4 “soA Ul §0S |
ool puotst1am
of pup seA A
211
7
n=
7 qo|  Po4010084g
7 DiBIS}BI
7 os] /O0OISNE
B hidd ‘8L
Z & ® vos 1'8.2
7 i
2 08 % 0/ > vousyd PU0 #S
- i w eopeg 10M
7 i 1}K1Bp1 '§9A
4 | subibpip S
| ! auipioW 235
Do //upninyop =
po}ses , . Aoy a4 m .Nv,
Jony ! T “
. /108 o5
| | 7anbeaguop Sl
o,
oc_m_ “ N_l._rm £'v8e
n = ™
DO o~
41178 |5<|3| MOMVIIASSYTI | R
YING T | § ONINI3YH9 I
AX37 N 3

—O¢

-0

1&g
7




T
auq < .
. N_m,NH n_L,r biv aulisi/rlg sL 261
-8 NV V-¥ SNO/LIIS Ty 219070379
8-8 90 V-V GINSVOVIauvr
NAPMHIAVONVYLIYVLINS SjII1 ‘BUIDION
NANJOLSNMHO 613q|nYQr ‘DUBIOW
vonow.roy buno Py
. unpukwsQiaxns 6o
Y yx3 89S voyDIOT -Inyolgis Bo-owhnN 5
. 0AD) 3141D50q 1012015450,
| pukw ofs Buujasgois o oaoutuny w008 00L 009 00S O00v 008 002 001 O
(uswipas
/0y /)14 1?s S
ojoys om ono oouononuun“ KX XXX
voijows0f plo | POZUIUEDW AYOWIOU {1050G
$/904U02 ¥201 UID}IBIUL) ”
_:_m«uuo.o_a,_ ssimg -+~ > unpuAwsbiaquunig Roubowinbas wg:liosog B
suan) V04288 Pazoubow A13513431'41050g 202070 020202 %e%
nujais Jjkaiq plug goubowinbas 46ny0 'y 0s0g
ONIFIIFT-HYONIYANS
woogZ 0022 00i2 0002 0061 0081 00LI 0091 O00SI O0Obl 00gl 002 0ol 000! 006 008 004 009 00S oot 00¢ 002 (0 0]] o]
022 | . 1 1 ] 1 1 1 1 i i i A ~k i i Jo 1 1 ] { ]
0g2
ove
AT, A 8
SRR TXTIANR,
052 W// oototetetets -000@0%%000000000 AR oS
é é o R R S SRII R RO
092 . . * 893 I I X IR VoJ 092
\\\ 777 o : .010400«&ououououonono"M“uuouououonouououonouo“ e )
7 . 4.0@”&”?0000 LRHRIRICILIAULRAILHLAARAKAIN
O o R B I
R R %o Pole%s! RRRELRIRIRILILIIREEERIERR
CREXR ¢ . R LHIIRRIRLLIEE K, % XKLL HH IR HXHHIRAIARKKKS =
082 % B 5 |\ \\\ 7 R e e RIS - 082
DO d Ky s e XX XX 1
062 uowooo.om %HMOWOQ\Q I Qg-H1 S-1S 2 Losz
00¢ il 00¢
ole -ole
0z¢ VGIVGEGVA -02¢
‘e 1@
shw shw

yx3
PUAW




i
86481 9ud ;mﬂ@g

-0 voij28s jp2160)089
9-9 piusoboipiop
IONVL¥VLINS

NNNJOLSNMHO

2Yx3 88s Vo007

sviny uoi 288
nujas J1jheliq pwus

8/04//14g
ojoyiog

$4904u02 Y204 UID}I182UN
11ysoBojpJol ssiag

6/q04 16/0M punos9

bisqow opjowwoys
a..on@&:v_os woRs

ouwoI0W puv 110§

8411 AR Jeuwipss
Bieqinyor vVvev 185
poqieuy pozioubow A1a518481 *410s0G

Boinw poubbwinbas ;Bnjo *}josog

SMO/J DAD) 21410S0q 1012010480g

B H

Pazijeubow Ajjowiou ‘Hosog

2 Pukw Dls Buiujespois pioqsujoapiop T inBurupniinyop Bo JnBeApID(: unosyapouBun | poubouwinBes 448, 4 josog
inoo ; —« uoyow 104 Bunol uo1oWI04 PIO
\6usbsIy unpulwspioxs|nyolpis B0 -owy NN unpuAwsBiequunig
~ agNF937 P HVONIHANS
w 00SS 000§ 005t 000t 0os¢ 000¢
022 l 1 1 1 1 ] 1 1 | I | 1 1 1 1 i 1 1 1 1 [ 1 1 1 1 1 1 1 1 02z
os2 osz
~ ovz
v &
i QU0 S RSO Mk osz
&W,wo S KA AASRRE RN AKX A 092
O OCOOOOOCAXRAN TN MXK
AN S o P78 At Otn? XS XIS AR X AKX X X XX XX XX X X
wmv A0 &%ﬁoowoo KX wmwn&%oo&ooo&% oowowooooofo%oowo%&nm : e oLz
S ¢ Vat *, A .4 X X ﬁa )
IS wmw oy uo. s n%t R/ g R OpOall .oo wo.%oo 2 nowo s bo NRRI OSSR, hoooo & oo#vo«uocwo.oow.“om W.%W%V.%W&QV.%M&V« 40%“”00“.000000"0000. ose
T R A TR R SRR LRI RIS ARIKHRRL K RS- 062
ABEKNS QS R RRRRRRRARK SR RERXRLRRRRLRKL IR ALLR LRI R RN HAAKK
g SNV AL
il 2-Hl 0oe
8/0.4of ole
woss { spuidhoee % Sor2ets
P 4ol uoyn DjoH oze
e
sk
000l 006 008 ©00L 003 008 OOp OOF )
o 2 N I 1 e Jo . i 1 1 i 1 I I 0 N N
N
osz r// L ocz
ovz - obz
osz / > - osz
7 QOOOOOOOOC0 c$-.- ) “m N ,/
09z >, B bc% KKK SHIALLS o&»«“&%y/ ] o9z
02 o 50 R PRI IR ELA S PN NN A Loz
. \\"v\‘wouo“0uon0n0non0nouon¢n0uouo OO RN AR PN 72 11
082 R I L oSS Z 0% %020 20202020202076%67%%%20: 20039 2a0VVaVa0 %6 9% 0 e 2o 20 20 0} 2% W\ U1 Fose
062 LRKEKAIEAXKLRRN? 8-1S 2-1S ag-Hl1 p-1S ; —\ &% - 062
oot Y0l 28S Of pBI28loL i 3 - 00¢
woov A sp1usoBoip.ol uoyn o_oﬂ <
olg 0l-1§ oie
ozg ' DP|DPOA |j3jopung 028
70 4o
sAw . shw
o]

o 7
pukiy




“_m v62el MU [ggguul wlv/riecs 882
S S E1-LS-H-LS “N-LS- O1-LS ‘THLS-0I-LS SU0133S 103160069
l18;0puUDg
IONVLHVIINS

08l
I

o9l 00!

i

08 09
T T S

Wope 022 002

S| 1 1 1 1

(4] (74
1L 1

wool 08
ove L | |

09

0¢

11 |

ove

NAN4OLSNXYO

2/04)114G /0104108 .n— : -

-0G2e

8/qo] J3JOM pPUNOIO

9i0qsujpAQIop

$400JU0D ¥O08 UIDJ189UN
_:_mooo_?o_ SSINQ
1

PozyaubOyy A19sIon8Y
goubowinbas 16nyQ

pazijgub ol Ajjowiay
goubowinbas ay

4-.4(

D-a.

TS0
ATal »J-

- 0S¢

- 092

PUkW

3411910
/4osog m_llrw 062
$N082011095 “41050g €1-1S—21-1S NOILDTFS
,219/0y 1,/ WOSDQ  juudnyioly @INS L 0o¢
. ‘19
$15A190U8Yy SUSXOIAY m.>ﬁ NOLLITFS 11-1S ms_E
Yim 84143107 | WoSOG L oig EI-1S—I1I-1S GINS L oI¢
jos9wo6u0d [oerse
PLIELL TS ETE
100 1omo), Snn\\wmﬁﬂm wooz O8I 09 Ovl 02 00l 08 09 Ob O2 O wo9l Obl 021 00l 08 09 Ob 02 0
“0401q 2 4N 11@9u *}DSOE PRSI W T I U IR SN NN SN SN W N S SN SN NN SN S SN | Opg ——1 L 1 1 1 1 1 | - v._ _\>r -_ 1 obz
84148100 — R
/ijosog - 062 - 0G2
— (=
suwsow puo [10S
7inBuugninyol 6o unbaaguor - 092 - 092
:aAN37937 - 0.2 ﬁo\.m
HVONINAMS
- 082 |- 08¢
- 062 - 062
-00¢ - 00¢
18 ‘18
NOILIFS shw —le—0l- NOILD3S shkw
w3 -5 —ol-1s QL | oe 21-1S—01-1S gi\s oi-1s Lo




I8E €l .E..; (8 0L

ﬁ_v__ Hu..wm“mm_u.wwllvwmm 51011935 [D21601039
IONVLEVLTINS
NANJOLSNMHO
wooe 082 062 Ov2 022 002 OBl 09 Ovl 02 00l 08 09 or o2 0
052 L 1 PR | 1 i i 1 1 1 i ] 1 1 1 1 9 ] | 1 1 3 i 1 i ) 1 1 0s2
092 - ¥ - 092
FTY SR, na,
\ oz - iR - 0.2
| &
psJsofyL 8
082 /_ —/ : &5 - 082
. b-1S
062 1 : L 062
00€ - 00¢
11-1S e
-1 Il-1S—€I-1S—b-1S m\_ﬂ\mumw shw
ol§ - - ol1¢
11 yx® 0oy 895 pusbed woog 082 092 Ove O22 ©002 081 091 Ovl 020 00l 08 09 O 02 )
11 pukw o Jobuishys Jnwasjuul .o_m ove 1 — 1 L 1 L 1 ! 1 1 L L 1 1 —t+ Ov2
4nog 0sz : — % osz
16uabsiy ;_—/ Fes .
’ T — eonunonoouooooununon
Y 092 - e ee e S ekl e ea s a0 5 a0 & o _ [T} o9z
PomIi ERERDE Otk
. oz~ HUHCEEHEEEEEEEEE e er ettt e e bbb e et = - 0.2
6iaq)nyor |
psiofyL Ly
DAD) 91440SD, % - »
'H1 :...c‘_,\two.\__o::ﬂ 3% 082 os2
062 - ¢ 9-S L o6z
anNFoF7
HVONIHAMNS
! 00¢ - - 00¢
-
ol-1s—2I-15—9-g NO/LI3s R

yx3

21 pukm




APPENDIX

Ground water

In the Sultartangi area two main ground-water systems are present, so
called '"bedrock' ground water existing in the Old formation and ''lava"
ground water found in the recent and late quaternary rock series, the

Young formation.

The temperature of the bedrock ground water is stable and rises with

depth in accordance with the geothermal gradient. Only minor seasonal

fluctuations in the ground-water table are observed. The lava ground

water 1s «old (3-5°C) with some seasonal variations in temperature and
there occur fluctuations of a few meters of the ground-water table, at

least seasonal ones.

Thus, the lava ground water can be regarded as an open system in
which the temperature of the water follows the mean annual air tempera-
ture in the respective area and fluctuations in ground-water table are
relative to the amount of precipitation. The bedrock ground water, on
the contrary, is a clused system where the water temperature is equal
to that of the rock and due to spreading little or no variations in the

ground-water table oclcur.

The flow of water in the lava aquifer is much more rapid than in the
bedrock aquifer primarily because the rocks composing the recent and
late quaternary formation are much more porous than the older rocks and
consequently have much higher k-value. The main reasons for the
above behaviorial difference between the two ground-water systems are

thus the different k-values of the two aquifers.

Since the renewal of explorations in the Sultartangi area in 1974 the
elevation of the ground water table in the project area has been observed
regularly. Simultaneously temperature measurements of the ground water,
from water table down to the bottom of the holes, have been conducted
from time to time. Such measurements were done for the first time in
Iceland in summer and autumn 1974 in the area from Thorisvatn to

Burfell by the Electric Power Department of the National Energy Authority



under the supervision of G. Sigbjarnarson (unpublished). These tempera-
ture measurements have yielded valuable information on the presence and
the behaviour of the ground water not least in the Sultartangi area where the
two main ground-water systems can be differentiated on grounds of

temperature measurements alone.

According to temperature measurements in drillholes in the Sultartangi

area the ground water is divided into the following groups with regard to

temperature degree : -
'GROUP GROUND-WATER SYSTEM DRILLHOLES

ST-10

ST-12

I Bedrock ground water ST-11
ST-13
TH-3b

, ST-6
11 Lava and bedrock ground water - ST-5
Mixed : ST-4

SB-2

111 Lava ground water , TH-2

. ST-8

IV Percolating water ST-9

Bedrock ground water

The bedrock ground-water system appears most clearly in the boreholes
of group I (ST-10, 11, 12 and 13) and also at the bottom of TH-3b in
group I1I.

As shown on Exh. 15 the temperature curve in drillholes ST-10 and
ST-12 particularly is rather uniform. They are spaced only about 160m
apart and both penetrate exactly the same layers. By simple calculations,
viz. direct extrapolation of the temperature curve the temperature at

100 m depth would be about 20 °C in ST-10 and near 32 °C in ST-12.

Similar curves for drillholes ST-11 and ST-13 are irregular, as they are



disturbed by cold percolating water. In both cases the disturbance
reaches down to the contact of the scoriaceous tholeiite and underlying
doleritic basalt, where the curve indicates a sudden rise in temperature
(cf. Exh. 11). According to the lowest measurements in ST-11 and
ST-13 the temperature at 100 m depth should be 15.5 °C and 27.3 °C

respectively.

It is noteworthy that the drillholes located closer to the river, i.e.
ST-12 and ST-13, show an appreciably higher thermal gradient

( about 10° C at 100 m ) than the holes farther uphill. A probable
explanation is that a fault running inbetween boreholes ST-13 and
ST-4, as shown on Exh. 12, thwarts normal flow of the bedrock water
causing flowing-up of water of higher temperature than in ST-10 and

ST-11, creating a 'false geothermal gradient'.

After the drilling of borehole ST-13 the ground-water table was initially
as high as the top of the scoriaceous tholeiite layer, as showh on Exhs. 8
and 11. Furthermore Exh. 11 illustrates indisputably that this layer,

which is highly porous, lowers the ground-water table.

It is fairly certain that ground water in considerable quantities enters
Thjorsa through the fault zone especially from the scoriaceous tholeiite

layer.

On November 15th 1975 when measurements of ground-water elevation and
temperature were carried out, running of water into hole ST-13 could be
heard distinctly, indicating that a leakage path had opened for percolating
water and the water table was now found to be in the porphyritic doleritic

basalt about 6 m higher up than previously.

East of Thjorsa a clear-cut demarcation between the bedrock and lava
ground-water systems can be observed in drillhole TH-3b. As can be
seen on Exh. 15 there is a sharp temperature divergence at the contact of
lava THf and the interbed, which indicated that the interbed is clay/silt

rich retaining the distinct demarcation between ground-water systems.

According to temperature measurements the geothermal gradient in TH-3b

should show 19,4°C at 100 m depth in the Old formation.



Lava ground water

As shown on Exh. 15 the lava ground water, groups II and III, is

divided into two branches on basis of temperature, viz. a ground-water
stream between Thjérsa and Vadalda, about 3°C, very clearly demon-
strated in borehole TH-3b, flowing above the bedrock ground water and
a ground-water stream south and east of Vadalda, of somewhat higher

temperature or at least 5°C, such as in TH-2.

The two ground-water streams can also be differentiated clearly by com-
parision of the elevation of the ground-water table in boreholes TH-2 and
TH-3b during the period 1966-1975. It reveals that during 1966-1973 the
ground-water table rose 12 m in TH-2 and 5 m in TH-3b. In 1970 a
considerable rise in the water table took place, but during 1971-72 the
maximum rise occuring in TH-2 and TH-3b was 4 m and 2 m respectively.
Comparable rising also occured in TH-1, TH-6, TH-8 and TH-9 farther
east, which together with TH-2 represent the southern ground-water stream.
The general rising of the water level mainly occurred as a direct con-
sequence of increased water storage due to the Langalda diversion.

The northern ground-water stream, the Thj6rsé-Vada1da branch, is also
affected by the diversion, yet to a much less degree, as the above com-

parison between TH-2 and TH-3b shows.

In group II only borehole TH-3b shows distinctly the differentiation
between lava and bedrock ground water; in all the other holes mixing

between the systems takes place, as is obvious on Exh. 15.

~In ST-6 only mixing of some of the lava ground water takes place, as
indicated by the low temperature 3-4°C, but below 25 m depth, which is
the depth of the contact between lava and tillite, the bedrock ground water
is dominating. The thermal gradient according to temperature measure-

ments below this limit indicates 20°C at 100 m depth.

In ST-5 there is total mixing in the lava ground water, Here, there is
hardly any difference in the gradient on either side of the contact between
lava and bedrock. Extrapolation of temperature measurements from con-.
tact of lava and old bedrock down to bottom yield 15 °c at 100 m. As later
measurements have shown some caving has taken place in the hole at this
contact and the same applies to ST-4 where the lava ground water is

equally mixed as in ST-5 and shows gradual rising of temperature down- -

wards.



In drillhole SB-2 the lava ground water is only slightly heated or mixed
as compared to the ground water in TH-3b and does not show the same
mixing as observed in ST-5 and ST-4. At the bottom, at the contact
between interbed and old bedrock, the presence of unmixed bedrock

ground water is observable.

Group IV shows melt-water, viz. cold percolating water in ST-8, which
is too shallow to reach the actual ground-water stream, and similar
water is obviously to be found in the uppermost part of ST-9, while
further down either mixed ground water or bedrock ground water of

higher temperature is met with.
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