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5. a sitnated in the Nowth A%lantis Osean a®t th
88GC% : Hid<=Atlantic and the Brito =Arctic Ridgss.
ridges were formed during the sarly and middle Tersiary P
by volecanic activity, and et the present the Mid=A%T
Ricge i3 astive gseismic zono with frequent volcantam,
Atlantic dee is consldered to cross ILceland from tha so
at the Reykjones peninoula to the northeast at the IlMelrak .
peninsuls, and forms a zone which coincides with ths present hHels
of volcanism.
6., Teoeland is thevefors made up of volcanic products which are
nainly of basaltic composition. In eastern and wesihaern Iceland
she older hasalt lavas are of Tertiary sge, but in end along the
volesnisc beld the volcanic rocks are of Pleistocene 0 Regent age
and consist of #uff, breccia pillow lava formed by evaptions
pnder glacier ice, and of subacrigl lava flows during the inter-
slacial periods. Ash falls, pumice, lapillii aud o logi
vol ' ejecta mantled the surface of mony lava ¥ vl
ola neriods end in recent time.
7. Since the last glaciation some 10,000 %o 15,000 years ago, She
volcanic bolt in Iceland is confined to two main sones which azs
connected in coniral Iceland by craters on the flanks of the glacier
Hofsjokull., The western zone is approximately 20 %o 30 kilomelters
wide and exbtends from Reykjanes in the south to the nowrsh gide of
the glpeier Lanzjokull, and the eruption fissures have a nors
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14, Basalt lava 1is ¢ moast widespresa
heains, and i1 is re in the manped 2
= i T : o S 4 i & e
“nits, FOS. 2, &, and ¥ £ Wo., % is Phjorso L
formed afber the last neriod of glaciatlon. TUnivw
C - o ) = a PRI - o
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° 2 1 % N an S £ 3 n ] ww - KX
by age relationships, bud more significantly on
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soperties and types of rocks change from
Newever, 1% is helieved that the caolo
help to surmise the engineering characte
only project sites but also the ereas adjacent to th 8
canals, power plants, spillways and appurtensnt stIn 2] il e
ota sre concerned primarily with conditions affecting excavatbtions,
atlions, neling and construction materials. o ars, by
sity, ve brief and generalized. But fron the can be
that in ery general way the best conditicns ane ling
be found in Units 3, 6 and 9, and that the weak 4 will he
in parts of Units 4, 5, T 10, and a2l1ll of 11, noexEcave=
conditione dominate in Units 1, 2 and 4, whersas rocls excavas
will apply in most of Units 3,6, Ty 8, 9 and 105 part earth
art rock exzcaveition will occur in Units 4, 5 and 11, Dr a
point of support, the hest foundation conditions con he CEe
i%s %, 6, 8, 9 and 10. Rock bolts are believed itabl
18 driven in paris of 3, 6, 8, 9 and 10. Uniis 7 and 2
y permesable, and permeable zones will he found s of 3,
( 5 and 10. Other conditions and characheristic gineering
tance are given in the tables.
BASIN DAM SITE INVESTIGATIONS
2%, The logical investigations made at 14 sites in
the Hvita the Thiorsa Basinsg are precented hewo in
8 s named and numbered under the basin i
o sites are shown oa the engineering geo
mnam e Ther adverse weather, overburden or other
verse circnmstanc : cicted the observabions at sone sites,
can be as ] seneralized engineering chavacteristics
prosensed 5 can be used %o supplement the Tield obsers
vabtions, ic maps and cross sections ave inscluded
for A sites in the Hvita and 8 sites in the Thiorsn Bagins. Fnch
useful sub fyrom borings at 9 sites in the Wviin
ond 6 sites in the Thjorsa areas.
(
Zr favorable for a low dam of 8 to
bank bedrock is pari Moherg breccia,
f which are hard and firn. The
‘han %he Moberg, but the foundation
D concrete or an 1 £ dam,
n ver along this &
ecthi y 1y vwnderlain by
Unit 3, forms the left bank and
. b arhurden, dJointing is indisti and
i beds sn apparent dip of 8 Ho 10 de
in the brecclia iag wide and irregular, rangl
most joints striking at an nhlique ang
this location would probably be in
, and firn Thjorsa basait at the le
ypes of rock, the hasalt would proba
+311i%e the least, although visually

o
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bhoth ap fairly water=%i k at
both ba quire drilliang tvypes
of rock, lave at the left ban ghell
material could also he used £ DrAan Ho sube
gurface ration has bsen made he I asite is
conglder » cgounsbtruction, iv will be necesgsar e at leagt
two ri an the shannel section to locate the batwaen
the va, the tillite and to evaluaete leakage contact

Z0 end one or two borings in esch abutment. investige-
i will =lso be noecessary for core material, te and
other construciion materials. The site ares is is
easily anccessible by highway.

Ora dam site
2%, The bedvock alcong bO s gray bas
well exposed in blocky, columnsg,
colonnade struciure, IH rd, fresh and firm, @ g
platy or slabby condition which is commonly found in this map unit
in some 3. Rostlk of this character should provide excellent son-
ditions for %4he foundation of any type of dam, and would be suitable
£ vock shell and aggregate. The topographic situation is also
favoranle here for the consgitruction of a low dam. Boih abutmonts
the Foundation in the channel section would rest in the gonnd
basalt, with negligible overburden stripping required, A divergion
tunnel or canal and the power plant wonld also encounter gimilart
I sl } tongue of Thjorsas 1
tream of the tentat
bhagalt of £ T

foni
5
e
D ®
s
b b
o
)

the geologic conditi is wonld appse that

14 be required. Bxploration would be negaded,
erial, fine agegregate, and other consitruction
ata generally applicable %o the rock conditions
found in the tables accomnanying the engi
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Located on the Bruara River,
2lt of Unit 9 forms both banks
ssive vock, occurriang in at le
g moderately vesgicular in the su
1 is less thaan 3 meters. A smal
at the left bank, which is beli
deposition of finiglaciael beds of U L e
Topographic conditions here wouvld require const
at the right bank where the foundation wonld re
glacial beds. The foundation for the mein dam
and conditions sppear to be entirvely satisfact
saurface observatlons and three completed horin
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snderlain by sediments of t 1 consisting of mixed gravel, sand
and clay and ranging to 50 meters or more in thickness. The ground
water teble is high throughout much of the canal alignment, so that
the problem of leskage is unimportant. Canal banks in material of
this character will require faivly flat excavation slopes and possis
oly riprep to attain stability.

FPazxdi dam sitve
30, This site dis located on the Tungufljot River, tributary %to the
Hvita. Moberg tuff, Dreccia and pillew lava of Unit 6 form both
banks. The pillow lava predominates gnd is highly fraciured and
irregunlarly jointed into small masses ranging from a few centimeters
to less then one<half meter in size., A lave flow of Unit 9 occurs
beyond the abutment zone of the right bank, exposing well levalopsad
colonnade structure. The conditions here appear good with Tespecy
to foundetion support for a dam of any kind, but % aphy 11
permit only a falrly low dam to be constructed. 1o adverse problens
are envigioned; exploration, if made later, should consider the pere
meability of the fractured pillow lava, however. The canal in Gon-
nection with wvhe proposed project will be through finiglecial beds
of Unit 4. Mo exploration has been made at this site. Additsional
data for the respective map units will be found in ithe engineering
‘geology tables. The site area is sparsely inhabited and inaccessibl
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31, Topographically and geologically this site ap
snited Tor a moderately high dam. A% the left bank
magsive, fine-grained andesite of Unit 10 is overla
by thinner layers of partly vesicular basalt of Un ;
of breccia at the base of the andesite pinches and from le
than 1 meier 0 2 or 3 meters thickness. This interhed
appears to bhe frisgble and highly permeable. A% % nlk a

zed colonnade basalt 1s exposed in the st walls

e a single flow of Unit 9, since no interd erved.

reanon it appears that right bank conditions are somevhab

g han the left bank, but no asdverse conditions were ohserved
that might seriously affect consiruction. The & eEploras
tion thus far at this site. However, the geol grophi-
cal conditions appear worihy of ly fox netiona
Foundation bads appear capeble of sus v desgl
1oad for buttress dam conmsitruction but ex blon will be ‘
necessary by borings %0 evaluate .3 L streng
did not permit a reconnaigsance o ngtruc ;
terials., The andesite and basali should he sabis=
factory to make coarse aggregate, ripranp. Ffine
agpregate and other natex ls wil ¢ reconnaigsance
and sxplo i '‘he site avea i cess and is
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Cround moraine covers pard of the vight bank section below the
alls, but would not 1lie githin the construction zons. 1O other
geologic conditions were observed which might poge sarious con-
strunchion difficulties, except the possibility of leskage. A
subsurface exploration progran will be required, and an inten-
give investigation will be necessary to locase suitabl sHruc=
tien matevials. The site 18 difficult of access in a ely
inhsbited arsa.
Skard dam site
o 1ef% bank exposes a smooth surface of jointed & d frachured
lava of Unit 3 from which the scorigceons upper crust has
oded., The right bank 1s underlain by Barly Pleistocene
of Tnit 9. Piniglacial beds of Unit 4 are wedged between
and Tni% 9. The river flovs entirely on the Thjocrsa lava,
since the contact with the older basalt oecurs at the waterts edge
gl ong the right bank. The river here has a fairly steep gradient
and rapids have developed. Both banks have gentle slopes and ocver-
barden is very thin. The ge sologic aspects here are similar to those
at the Dndafoss site. There is no question about adaquaite bearing
capacity of the bedrock for any type of dam, bud permgability may
be high and leakage could be serious not only in the lave of it 3
but also in the underlying finiglacial beds. Wo studies have hesn
made at this site. Netailed subsurface investigation will be re-
quired %o determine thickness and permeabilisy of the bedrock and
ihe method and exbtent of foundation rreatment. The construction
material situmation also requires thorough ex] loration. This site
ig leocated in an inaccessible and Wniﬂhabi%ci area. A detailed
geologic majp and crogs sections accompany thig »reporb. ’
Haifogs=F 588
A2, Thres %entative gites are located on the Fossa River upsbream
of the waterfall, Hoifoss. The upper and middle sites are considerec
unfavorable dne to very thick overburden., The lower gite, a2t an el-
evation of meters, i8 GOﬂs;;ered anitable for a low dams the
ig thin, firm andesite forms both sbuitments, and
channel. An axis could be readily sited in this
xpLoration work has been done up to the present. L
1ower site would provide storage =
falls, which was occupied by a lake
re +o helieve this depressio

should be guite impex

e D e
; o
¢}
{

diments thalb my i X
sut in sedimentary bheds of Unit 7, with two basals
9 at the top. The sedimentary beds are anO“ed in
. +he base of the falls. In the Aownagtream area
rhyolite of Unit 11 forms bhoth bhanks. [ucl
ray %0 nearly white, very soft, and eas

ﬁale &L
by hand. This condition is due %

O

hyC*Qo% ermal &

tion, and the resuld 1o a very wveak, soft end rotten

1,5 kilometers below the falls a complex netwoxr

pierces the wveatherad rhyolite zoneo. These dik
centimeters %o 1 meter OrX MOTE in thicknegsss they DL

and cut through the rnyolite body a% various angles, some
crigs—crosscd with one another. They provide sone stabild
gresber erosion resistance to the otherwise We rhyolite
which they have been injected. Along the »ig ank sever




RUTINDTE, S0V IO A S

iandslides can b
lies beyond the

hedg ocour 8till
is west of Haifo
up principally o
ground moraine,

toward the south
several diffasrsn
negs and charact
permeability, wh
tight and firm.

one ig very slab
from 5 to 20 cen
fairly large oub
types are hard a
on the Fossga ups
2 head of 250 me
of the FPossa, ho
tification, How

dam i

the )
sﬂﬁe t
ounter &
wish@u 31
firm dike
vock bolg
the decon
condition
power pla
areas des
wide vazri
but explo
Sult

o
=g
—
Q

o o S
feds bt A3
)

.

!

..y
J
Cs
fuds
e

g

O

{ 3 @
i}
§

B
@
o
o
o
(V2]
= Y

=)
=~
6]
e

or

¢ &
h ®© C
e

puney
@ O

g

e 1T
=t O
o

@

[
lato

’Gh

in order

of Unit 9
it

ia ove

m@ﬂtarv b

d Mo A
he nori
1tered

BuPPOTH,
8, woul
g would
posed T
s for P
nt at a

o

@

g waser
g the 1
horings

b an axis G
favorably located as fhr
to averht possib.
most of il

forms

vlain by question

eds of
I water-t
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,a possible upstream toward

he vight bank area
ably s
Al thoun

e seen in a section of the rhyolite I
range of the dike 3zone. Palagonite cls

further downgtream of the dike belt. salds
eg and southwest of the dem site areas. made
f gray andesite of Tnit 10, capped in [ b

and with some loberg beds of Unit 6 ¢ro onb

. 1t. Fossalda is believed to be underm

t gndesite flows, with interbeds of unc hick=
er. These interbeds, however, may be © ul
ereas, the massive andesite gshould be m ¥

Two types of andesite were observed On faces
by and platy and separates On weathering iates
timeters in thickness, and the other type occcurs imn
jcal shapes and blocks up to 1 meter in size. Both
nd fresh and gray in color. In the ev t eny site
toeam 0of the falls should prove of fut re8%,
ters or possibly more might be develon flow
wever, is consideved too small %o have ¢ jug=
ever, water might be diverted from the =y
yng tunnel. At the lower site, a small ATy

d be necessary west of the site to pre Dassing
n intake tunnel wonld probably encountd ande=
h, but toward the south or soutvhwest 1 gn=
rhyolite. A btunnel in andesite sho wall

but the de hyolite, even d by

d requireﬁu 10 forced concred ing, and

be ineffec i fg and landsl eas in
hwyollte are I hazards and friculb
engtock consy o} ndation ¢ foxr a
hout 225 meiers elevation should be gite
are uninhabited and access 18 very . A
potential construction materials ocC ig area,
ig necesgsary to evalnaie snitabllity.

dam 8silte

s proposed near the month of the Tungnasa River 10

g south Into the'”hwowﬂa River. Subsurface condi-
af% bank have not hee anfficiently explored by

o make a velisble interpretation and no work has

the fiqh% bank. It is evident, however, that on

i ﬁ done, en extensive bowing prograom
An. The few

conclusaions can be ma
axisg establish o Tac
Unit 3, ai hat 3 o=

Po g

serious leskage. . Firm and
arca, but near the

table and prohably permeable

gh gome conglomeraie of Unit

tone beds are soft and may

sands




fgirly permeable. Conditions at the oI banlk will also reguire
investigation if the abuiment of thse dam will wrest in the sedimer
tary bads of Unit 7. Favorable foundation conditions for the ri
bank abutment occur in the tight snd firm basalt of T 9 down
beyond the contact with the sedimentary beds Borrg soundings
the canal ignme at the left bank show overburden ip
ceous gravel to range from less than 1 meter to over 8
thickness. Flat slopes, possibly lining and riprap o eq
along the canal banks. The basalt rock of Unit 3 and Un 9 counl
be processed o provide rockfill shell, coarse aggregate and filter
materials further investigation will. be required to locate suitable
deposits of fine aggregate and impervious core. The area is falrly
casy of access budt is auninhabited. Detailed geologic map and
sections are prepared for thig site and are included in this .
gljijufurleita dam site
44, In this sivetch of the Thjorsa River there is a deep
walled gorge with waterfalls developed by downocutting int
sevics of sedimentary beds of Unit 7 and sonme basgalt beds
A% +the top of the falls the sedimentary heds are overlain
meters of colonnade basalt and underlain few mebers
basalt. The lower, blocky basalt at the of +the fall
tnrn underlain by more sndimenﬁary heds the water's
Thus, & complex sequence 0CouUYs here con vz of basalt
interbedded sediments, but with the sedim predominatb’
obe ccia of Unit 6 also ocou further downs
the firmest and most durable types in
ge. Although sedimentary be >d s }Ledrmin
ominates in the abutment slopes above %
erraces have been scoured in the basalt
rise on the denuded rock indicate past
ess parallel with present strean {1low.
fine sand of wind-blown origin is quit
of% abutment slope, possibly as much as
bution is uneven and sporadic. Similar
the ripght bank. A% the falls, a tribu
channel from the right bank is deeply e
, ateep=sided spur. The spur appears too na
part of the foundation and ig composed of sed
beds, s0 a htentative axis might be hetter located at least 5
meters or more upstream of the falls. An axis could be site
this upstream gection for a dam of low to moderate height.
turraces above the gorge two types of basalt are exposed. O S
very platy and separates into thin slabs up to 10 oen%imeu@v thick,
and the other variety occurs in irregular-jointed blocks some or
which reach 1 meter in width. Colonnade basalt also ocours but is
less common. All varieties of basalt are hard and fresh and reqguive
blasting for removal. The cubical nd colonnade varieties would be
suitable for rock shell, »iprap and crushed coarse agaregate. Fine
pggregate and impervious core material will reguire prospeciting, bub
a wide variety of materials are presumed to occur in the vicinitye.
Punneling conditions in the viecinity of this site o
be closely comparable with those desgcribed in the 7] cticon
for the Dynkur dam site. The foundation gituation in the gorge ath
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foss, where the bulk of the foundation would rest,
ful study. No drilling work has yet bhsen dﬁ¥eo ?Le:e
shether some of the sedimentary beds have aafg?fﬁu
ity to support a heavy conc rete structure, ﬁ§q the
itions in the gorge do not appear favorable for arch
ion. Leakage may also be a problem. Undersecepags
long the contact zones between I A 7
ary beds, and cerital beds ﬂav

underatanding of
viace i;vestigatiO'o 1

will be necegsary aloag bo h t : k] —
be higher than the rim of the gorge. The site area 18
and uninhabited,

am site
£ pnit 9 is well exposed along hoth banks bb?wee; *E?
mall island located about 2.5 kilometers upstiream. the
s horizontal colonnade basalt which reseablesé? pile of
ving prisems or columns aver aging about 25 CenziT@?GES
the lef% bank, opposite the downstream tip of this
% is exposed in a small ontcrop of tilted ﬂelen?egg
ch the individual columns are much wider. ABOE@_%O?
peam from the island, glacisl conglomsrate of rn;? {
5 is hard and firm with cobbles up %o 5 or ? cgnala
e, joints are widely spaced, bedding is 1L11531n3t9.
appears to be tight and impervious Overhang w28 geen
% near the water's edge. Three and possibly
. fiows of Unit 9 are believed to underlia the
B aland t0o a point downstream neawr the"vpaez
flows have somewhat different Ghalactcvisiles and
The flow at the island is ohably an eavlier Ofé‘
- an ilrrvegular suriace which Caused the
e ater flows do not show tilted joint columqé?
3 nesr the second falls the basal® shovs vertical

colo with some cubical jo blocks, ,ﬂﬂ at 4?:;5:163'i
zigh stinct basalt flows are ehpospﬂ I :imh]é
seéi 21N cur hetween the , b ﬁ; i:C
1ef% bank basal®t has platy, horisgo Eh QZ?LU—
40 centimeters thick and with joints up me ; ap ebﬂeiia
she middle and lower falls, the gedimentar yLi?t foei ha iu ]
of Unit 9, are exposed along both banks. E lerf h
consist of fairvly firm conglomerate,

and brown sandstone. The brown beds

and easily ercded. In this 8 ction

naprrow aud deep gorge, where dOWﬂﬂnu

tively weakew 1 3 hi

dam near the

of dam. The

ments and chay

crete qtsuuﬁui s
$ical along Tl oo
hoth banks ha ,;;;Z;Sedq
world necessi dggét
The advantag S e
could be dev




of 9 kilometoer between the igland and the middl The island
would lend itself usefnl for diversiocn durving o . The
conditiong for tunneling appear  to the pre=
galt: less favorable conditions would apply in the weak
beds, eepecially the brown sandstons, and possibly in
zones between basalt flows. The basalt of Unit 9 could
unnel designation of "moderately blocky and seamy,”
sedimentary beds would be Ystratified" and vertical
the sandstones would reguire support. Bridge-=action
be shortest for the sedimentary beds, and longest for
basalt. Bxcessive overbreak might best be minimized by
T a short length of unsupported roof during mining, and
by dinsg guppors scon afiter each round is fired. The "full-
face® method could be used in most rock itypes, but some very
sof% ary beds might Tequire the "éop= and bench”
method © mprove conditions. Light t0 moder lows can be
expected in local areas along both banks. Li e would be regquired
in the sedimeniary beds. 20ck bolts could be used in the besals
wherever necessary. Lititle can be stated about underseevasgs in
the fonndation and abutments since no exploration work has been
done. L% geems logical to assume with the prominent joint system
and %he presence of contact zones and sedimentary interbeds that
seepage can occur. Although the geological aspects here appesal
mnuch move favorable than at Gljufurleitarfoss dem site, 2 complete
undersianing of the subsurface conditions and problens will require
extensive study by borings and pressure testing. A wide variety of
construction materials may be DVall-bTe within a reasonable distance,
but this will also regquire investigation. The site area is unin=
habited and inaccessible. A highly generalized geologic cross sgection
is prepared to depict the probable conditions between the Dynkur
and Gliufurlieitarfoss sites.
Hvanngiljafoss dam sifte
cated on the Thjorsa River anproximaitely 1
the falls. A thick ground moraine covers
; ] shich our field observations were made. The
p?y sﬁe;p bank +there is nnderlain by a firm, well cemented con-
te and some very weak and friasble sedimentory beds, all of
elong to Unit 7. The contact between the fine-grained
tary beds and the underlying conglomerate is regular and
ing, but generglly horizontal, The river £l in this
on the conglomerate. A short distance upstirean the rlvew
sloped rapids, probably dus %o active downoutiiﬁg of the
weaker beds., S+%ill furither npsiream the river is wide
low banks are covered by moraineo There is no guestion
he conglomerate would make a satigfactory fon i for a
Cnﬂﬂweée or other &ype of dam along Thi
overlying beds would require strengthen
g0 hard and firm that blasting would. be
tunnels wonld probably stand well without

lining. It sho
constructior b

it A gl
a¥ls uewed be easily located along

the overbi
”hﬂﬁkwﬂp
borings.

umd i
Tha ar

Qr‘

prove & useiul she 3 material
" Jered sui ¥

this asitretc
hickness of'mOfaine and sof% bodﬂ 89
© could be readily evaluated by means o

ca 18 1naGCGGSLbL, and uninhabited,

LT




a ]

%
ylar and indistinet. Near the axis at the lefld bank a

47. Bot s site are capped by moraine contalry
gsoft saun A basalt layer and volcaniz brec i
beneath raine Both belong to TUnit 8. The hasalt and the
breccia are underlain by conglomerate of Unit 7. The vriver is
flowing on ¢ lowm -e. The breccia bed appears to be the least
stable and su r %o scour and abrasion, and it is permeable.
The river is dafg atting this bed, and rapids have formed. The
conglomevrate 18 Very tight and firm and compares with the s=ame
bad which ocours downstream at the Uvanngiljafoss site, previously
described., Considerable ssepage occurs at the contact of the
breccia wi he conglomerate, and a promenent spring was obgerved
in the song zone; obther springs are reported nearby. 1% is
evident th e bhreccia is an aquifer and very permeable and that
special foundation treatment wil q m a standpoint
of foundation support, all beds e Wdatone lenses
and possibly the upper few meters oL I d he =zatisfac-
tory for a concrete OF rockfill dam, Boriangs are required to de-
termine whether the moraine and interbedded soft sandstone becone
fivmer with depth, and their thickness. All three %types will rve-
guire blasting for removal. The conglomerate will provids the
best tunneling conditions, with a long bridge-action period and
iow overbreak. Bxpecied overbreak may be greatest in the closely
jointed basalt. Lining will very likely be required in 51l three
types. Tater table conditions are not known, 3 ed tables
andoubtedly occur which could cause moderate low 5 ially
at the conbtact of the breccia with the conglomeraits. Ue ¥ eX=
posuves of basalt and conglomerate would be useful for r shell
and riprap; bthe moraine might be considered for imperviong core
material but suitability requires testing. Core, filier material
and fine aggregate for concrete require further exploration. This
site i 3 y Aifficult of access and would q i con-
siders L strnction., The area is GO mpletely inhabited,
gitse

48, site is located approximately 1,5 kilomeiers upstrean
fvom %he cable bridge, oOF F45 kilometers above the conflunence
with the Thjorsa, on the Tungnaa River. A low rockfill dam is
proposed here. Phe left bank is underlain by a yonnp flow of
Thgofsa hasalt, Tnit right benk is compoaed of
pillow lava of Unii ( nd oldew of Uni%t 9, which is
very dense and shows columnar jointing in the lower part. A
g“onnﬂ moraine reaches as much as 5 meters in some places but

the undnlating surface of the underlying bedrocks

the right bank the colonnade bhasall beocomas inclined

cam direction. Further upstream the colonnade basalt

by blecky, irregularly jointed hasalt of a
T _ There is no overbnrden a% the left bank, G D
1 or 2 m cvrs of CliLkeT and scoriaceous lava arve nnderloin by
UPQ(POHAIVP]V firmer rock th depth. The bedrock hagalt along
hoih hanka conld he glven & unnnel claspification of "modorataly

ointed? although the joint pattern in the Left bank basalt io
: 0

=20 -
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49, A brief
dakvisl River
site fox the
ware observed
in a deep and
either Unit 5
¢ the Hobherg 8%
. and eroded.
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lock along a vertical joint exposes the wall rock and
to be very dense and massive 1in comparison with the
o meters of blocky clinker anrnd aa lava. At one place
nlock the wall has considerable overnang, attesting
dge-action period with iow overbreak., The ability of
ong both banks %o atand on nearly vertical slopes fur-
a long bridge-action period. The rvock a%b both banks
guire explosives in excavation and the "fu face"®
could be used in rock 6f. this character. cved
o tunnel roof would probably be higher in col=
snd pillow lava of the right bank than in ors
at the left bank; only limited support wou re-
fow weaker sections but lining U;dfoz gunnite would
to minimize leakage. Wo tunnel hazards are envigioned
1ocal inflows might be encountered from paerched tables
ing moraine at the right bank, TFoundation wonditions
apacity are well gnited for e dam of any hype at this
possibility of leakage at the left bank reguires in-
Also, the thickness and engineering properties of the
ight bank need subsurface investigation. Basalt
hanks would make suitable material for shell, riprap,
gregate after processing. anlk moraine
able for impervious core, sihility needs
shed by furither study, tog rospecting for
als and fine aggregate. A de 1 spillway
1v excavated along the left hank for the low dam
_ The area is difficult of access and uninhabited,
diversion
veconnaissance was nade along a section of the Kal=
, which is a teibutary to the T n Althoungh the
dam was not reliably located, condition:
for a considerable distance
narvow gorge cubt into Mober
or 6, and joint asalt of
P cal
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ea tical slox
A tunnel is proposed Ho diversy
to the Thjorsga River. The alignment would very 1ikely
herg of Unit 6 for the greater part of iis length, '
alt of Unit 8 at the Kaldakvisl end and a short sec-
and firmer basalt of Unit 9 at the Thiorsa and.
ditions in Unit & are considered much hethter than in
his particular area, however, the probabl seems
me sof3% and weak Moberg beds of a %3 characteristic
e encountered along the tunnel line, but the firmer
redominate. Since the location of the gof es is
, the prepared cross scction shows the alil v to
T4 will be necessary to study thisg ares ?ther
s to estimate the relative amount ok weal nd thsat
tered. Turther generalizeiions on tunneli nditions
sotive vock units will be found in the engine ng
s accompanying. this report,
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Thorisvatn itunnel site

nel alignment is tentatively located at
Thorisvatn. This area is underlain by
is of Tnit 6, and by very platy andesite of
on indicates that the Moberg beds have been 2T0
eclogic time, leaving a highly undulating surface with
s and low depressions, which was then coversd by andesitic
possibly injected with andesite. A tunnel : arag
g the west part of the lake with the Kaldak » will
ably pierce either or both of these two mail £ hed-
rock. The platy andesite, if it is like tha’ xpose aresa,
will regquire support and lining; it is i =) ely
seamy, ressmbling thin=hedded shale or The hridge-=action
period would probably be very short, SO charges should be
used during blasting, followed by rapid ng to minimize
overbreak. The tuff and breccia beds of Enlb 6 “eutﬂhié those seen
in other exposures, with the exception of having some surfaces that
have become hardened on exposure, leaving a softer rock core behind
+his outer "case-hardened” skin. It cannotb be  assumed that this
gurfase-hardéning condition wounld necessarily apply %o all of the
Moberg beds, but in this particular area there seems 8 strong »POs-
gihility %hat a muos er guality of rock would be encountered
doring tunnel in snch a case, vertical walls would
require snpporTh, ving, to minimize scour and leakagoe. A
portal on the northwes? side of +the lake will encounter a layer
of sand and cobbles many mesers thick, underlain by fairvliy firm
i ccia, bud the upper 1 o 9 meters of vmock may be s0f%
ered. Porital for a tunnel slong the gonthwest and south
rhe lake will most likely encountexr a much thicker layer
and cobbles, possibly up to 10 meters or more in sSCclme 880=
ng the shore, and will be underlsin by a weakly cemented,
rpe of Moberg suff-breccia (Unit 5), gray in g ich
yrates on eXposure and is easily eroded. These nadi
e conclusion that far betiter tunnel conditionsg will be
ord the northwest part of the lake in preferm to the
g and south parts, but in either case, tunne 7111 be
di and cexpensive. C ological mapping and subs explora=
tion may prove helpful to estimate the relative amou wealk
ground that will Dbe ev countered. A generalized geol map and
crosa sechtlon of the ares accompanies this report.

upper reaches of Ih

52, This site is located on the

River., About 100 meters below the falls on the left

lava of Unit 3 is exposed, and %he right bank is made ur AL
Uni®t 5, consisting malnly of pillow Llava., The pillowa are nos too
disgtinctive and are small, but the gtructure is Slmvib: to that
seen a% other Iceland exposures; they are irvregnlarly jointed,
very closely spaced, and blocky. Although the canyon wall stends
on a nearly vertieal slope, there 18 evidence of sliding, slump=-
ing and raveling that formed small talus accumulations. The tuf f
and breccia of the Moberg here is helieved vounger geologically
than at other areas, and is dark gray in color. Unit 5 also con=

T




ta: sands gnd gravels and other wery rine-
gr 8% of which appear compact. The right
b d in places by ground moraine reaching
a At the left bank the Thjorsa lava of
U kness. of gbout 10 meters, underlain by
g It appears similar in characteristics
g aen the wnastream gaging station, where a blufi of
T ava extends for over 400 meters along ths rviver and ex-
DOEEE the upper part 1 to 3 meters of scoriaceous clinker, 2
TO rs of highly vesiocular but fairly massive basalt, grading
8 iy into 7 or 8 meters of very dense, non-vesicular basalt
with plagioclase wcrysts, with curvilinear joints spaced from
1 t0 2 mevers ap , and with no horizontal pasriting. The condi-
tionsg here at Hrauneyjafoss are very similar, but with some de-
velopment of colonnade structure, and with Moberg tuff and breccis
underlying the colonnade. Foundation conditions here appear to be
favorable for rockfill consiruction, but the possibility of leakage
from the reservoir through the Thjorsa beds may require a grout
cursain. All rock at this site will require dril and blasting
for rapid and efficient excavation. HHoderately ! charges
should be used in the pillow lava %0 avoid excess fraogmentation
and 0o lessen overbreak. The Thjorsa lava may be arded as
d seamy" and the pillow lava as Y"vexry b v and ssany,”
classification, and vertical rock walls may require some
nocke such as these could be tunneled by the "full=Fface"
ridge-action period will be much shorter in the pillow
to its irregular and closely jointed condition, than
xpected in the Thjorss lava, and excessive overhreak can
! ednced by shortening the length of the unsupported roof
installing roof suppordt as soon as possible, Rock bolts may
not be useful in blocky rock of this character and probably also
may be ineffective in much of the breccia and sedimentary beds of
the Moberg. Belss may be useful, however, in the mose massive
Thjorsa which would provide better anchorage, but fairly long bolts
may be reauired, TLe contact zmone with the Moberg tuff-breccisa may
be aiwhly 3ermeableo The Hoberg tuff-breccia of Unit 5 at the
righti 1 the underlying beds are considered weak tunnel
groundo unit ma j Gqﬂb&u" many struciturally weak zones and
tunnel 3 into overlying weok superficliel ma-
terials. All ¥ 1 Se@ﬁion% will probably reguire 1lining and
iocally strong support during the construction period. Construcition
materials are available at this site, with the exception of fine
aggregate and impervious core. The Thjorsa lava would be the mos%
gnitable by processing to produce shell, coarse ageregaete and rip-
rap. The morainal matexrials may have possibilities for core bus
visunally t ) te high in sand and gravel sizes, and 00O
induvrated . Purther investigation in this regard
will be re logic map and cross is prepared
for this si
Tungnaarkrokar dam silte
53, This site is also located on the upper Tungnaa, above the
Hrsuneyjafoss site, and the xiver h £l - and narrow

rock at the right

=24




accommnany thi

tuff-brecci Unit 53 the pillows are small in size and clesely
and irregu iy jointed. Patches of ground moraine cap the right
bank. Several large cavities are scoured out in the tuff-brececia
near water level. The river flows here on tuff-brsccias. The walls
are very steep to nearly vertical. At the left bank there are three
or more separate flows of Thjorsa lava, Unit 3, with thin interbeds,
The flows consist of strong, firm basald, with some well developed
colonnade siructure with columns as much as 3 meter in dlsmeter.
geveral springs with copious flows of water igsue from the contact
of the lower basalt layer and ithe underlying Moberg tuff-breccia,
I% is no% determined if the spring openings in this highly permeable
contact wmone, and also the interbeds, may be connected with the
groundwater table south of the gorge. If so, the problem of leaskage
with respect to an axis location in the gorge would appearw to be
serions., An axis location upstream of the gorge, however, won 1d
lessen the problem, but might not eliminate it. A great part of
the reservoir will occupy an ancient lake bottom in which +the possi-
bility of leaksge is vemote. An impermeable hlanket on the Thjorss
lava beiween %the upsiream toe of the dam @ the edge of the lake
deposits s2ems advisable %o prevent excessive leakages Ffoundasion
snpport and other geologic conditions, as well as the topographic
sitnation, appcar to be favorable fow the construction of a rockfill
dam at this location in the area upstream of the deep
dam consitruction might be considered in the gorge, bn
vestigaetions and studies are imperative to verify thi
fhe strensth of the pillow lava and the tuff-breccia at the righs
ahuimens to withstand the thrust of an arch is a matter which would
require nciderable detailed investigation, preferably by in-place
testing r shearing strengih and modulus of elasticity. Concrete
butires: z, szrouting, or other means of strengthening the abuitment
support sh% have %o be employed for arch construction. Roeckfill
consiLru on in the section upsitream of the gorge would alleviate
the problem. Tunnel designation for the Thjorsa lavas here can
be considered "hlocky and sea mJ,’ and the pillow lava as “"very
bloac nd seany.” The expected tunneling ConlLﬁiﬂaS are believed
t0 be sscribed for the Hrauneyjafoss site. The
Moben nrohably be clas 81fied as Yweak, strati-
fied, ing characteristics may he assumed as
given a c pan g construction
material situation here will requ tigation. A
large gravel bar dowanstream of the aggregates
for concreite and possibly filter mater e agoregate
may be obtained along the shorelines o] lake upstrean
of the site, and it may be possible %o g hle core mMa-—
terial at hicher sirandline elevations. The clay exposed along
the viver edga ig congidered too "Ilat" and plastic to be useful,
but might be used for blanket material. Prospecting L8 easential
a% higher elevations where layers of fine granular naterials of
suitahble composition for core material may occur. The Thjorsa
1 i i ‘should be 1 shell and riprapo
congidered : itable for consitruc=
inaccessibl ited. A geclogic map




Bjallar dam site

R4. Mobe _breccia of Unit 5 is posed in o high hill along
the lefd 2% thisg siteo i+t appears typical of exvnosures Seen
elsewhere and 1s O“QWQQ friable, thick lebdad and has widely
spaced joints. AR gsumed tunnel designation for +his rock would
be "soit, stratifledo” No pillow lava vas noted. The topographic
condidbion here would reguirse an Gnusually long axis for a dang
probably mors Phan 1% kilometers in length, Prom the ieft bank the
right D2 an be seen to be composed also of Moberg tuff-breccla,
hut the % bank was nod visited. A tentative axis here would he
located ream of the falls., Between the left and right banks
the wide anse is covered by 2 Thjorsa lave fiow of Unit 3, having
the charscieristic surface features of scoriaceous hlocky masses
with loeal mounds and blisters, and some smooth pahochoe arease The
bulk of +the foundation wonld, therefore, rest on Thjorsa lava. The
foundation itions appear suitable for rockfill OF gmhankmen®
$ype consitrn on, but the long aXis with the major pard of the
Ffoundation ighly nermeable Thjorss lava would impose 2 grouting
reguiremen other means of sealing to prevent leakage, and this

ould be a ensive undertaking.

5% . This site 18 1ocsted on the uppel Tungnaa at +he confluesnce
of +the Lonakvisl, and the river 1is flowing in a fairly narrow and
constricted sectlon. An extengive storag area could he developed
in the upsitrean portion of +the Tungnaa if a dam were congtructed
here. Massive HMoberg tuffobreccia of Unit 5 forms the hedrock
both banks, with some thin moraine at the 1efs bank. Topographic
conditions and geologlc conditions appeal entirely suitable here
for the construction of a rockfill dam of moderate heights; a high
dam would necessitase a very long crest ilength. The Moherg here
is mainly o dense type of wolcaniec tuff containing small fragments
of bhasalt a4 is interlaced with & complex network of basalt ine
jections. Although the rock is dense, it appeal o more
fyiable than in othery exXpPOBLTE, possibly heecau younger
geologiually and the alteration process in the palagon has nob
p:oceéded 4o the point where the voids in the rock 1iad by
westhered produclis. 1% therelore seems that tu cle of
+this character will reguire reinforced concrene full
gupport durin O n Beddin v strati in-
distinect and iost of Tt appears

28 y be hetter cemented and

a This site appeals to be
worthy of fur gxploration work has been
done. The 81 aninhabited; it was visited
by helicopter ot permit & mOTe detailed
evaluabion of

56. mThis site is 1ocated on the Utfall River which discharges
the northeast par’® of Lake Langisjor through a narrow ZOrge. Lake




Langisjor recegives 1ts glacial melt water from the southwest part
of Vatnajokull, the largest glacier in Iceland., A dam at this
location in the narrow gorge would serve the purposc of ecking
the outflow from the lake, thereby rasising ite level. uvulu;
in essence, be considered a regulating dam. The gorge only
about 35 meters wide. Moberg breccia with pillow lavsa it 5,
ig expoged in the wal of the gorge and in the vigini long
the lake sh he upper slopes of both banks are covered by
talus and ¢ Moberg materials, some of WhicL enpear to be
guite thick right bank and would require pring to pre-
vent slidin breccia beds are compact and Qiﬁ small ine
clusiong of vesicular basalt. The pillows of the pillow
lava are of small size and because of these 1%3 it
might be the foundation beds will have )
permeahbi h normagl for Moberg materials 8 ing
construction of a dam in the gorge would be a relatively simple
procedure by driving a tunnel through the narrow ridge along the
left bank, or it could be done by a cut. In the event building
of a dam here would raise the level of Lake Langisjor to some poin
higher than i1ts source a%t the glacier edge, it may result in sonme
overflow toward the east side of the glacier and from there inie
a braided network of streams which flow from the glacier edge
toward the southwest. Tunneling anywhere along the sonth and west
sides of fthe lake will encounter Moberg tuff-brececia and pillow
lava of Unit 5, and both types ave considered permeable. Tunnel-
ing in the tuff<breccia would probahly require reinforced concreie
lining throunghout and adequate suppors duﬁiﬂg the construction
stage; grouting and rock bolts might not be effective. The pillow
lava will be somewhat better ground but will requirs lining and
probably support in fissured zones. The construction material
situation hare apnears 1o be critical in that tuff-hreccias and
pillow lava are the predominant hedrock types in the area and
} doubtful suitability for construction purposes. Al-
t 1@ pillow lava might bhe processed for rockfill and agg-
halc) Lt i3 so closely interlayered with tuff-breccia that it
m difficult or even impossible to economically recover. A
b geologic reconngissance will be requived in the vici
% coxre material and other deposits for construcition b
ﬁba? they may be located at a considerable distance
oject area. is site is completely inaccessible and
unlnhmbiteag it was reached by helicopter during

57T. Geological conditions in the Hvita and Thjorsa Basins are
considered generally quite favorable for dam construction.

58. The haﬂm]ﬁ lava bedrock which predominate

rel i and non-weathered, Arctic

sl efzeo% upon the<younq geologi

face exp show splitting and spalling by

ing, but ondition does not eztend ver;

toughnes basalt bedrock are therefor

gineering :




folding, and other structural

e in the Hviita and Thjorss Bas

s, and the lava flows, are ve

tal in attitude. This conditi
gresater hox: ntal projection of boring and othez
than would otherwise be the case.
60. Foundetion support at most sites appears very favorable.
Nearly all bedrock tvpes have an entirely adequate bearing capa-
city to support the heavy design loadings that may be placed upon
them, and subsidence seems a remote possibility. The exceptions
where foundstion conditions appear doubtful in this vespect are
disgcusgsed in the report.
61, Althonch fonund support is adequate, underseepsgs can
take place in the h permesble interbeds and contact zones
between the lava flows, Reservoir leakage is also a pnssibility
at a few sites. The complex sequence of events which have brought
one lava flow upon another, izuefﬂ71ﬂle@ with glacial depoeits, all
of which pinch out or terminate at unknown points beneath the sur-
face makes invesiigation by borings imperative.
62. Permeability investigations are highly imporitant at all sites,
Leakage and seepage problems are probably not %00 ssvers for Solu=
5ion, but the necessity for extensi cutin T 1 t ; g
will add T DA e a 3
place by e
leakage
effec
will

%
0]

e
I
ot

bher Buudyn

63, Qock of excellent guality is available

material, riprap, and coarse aggregate, if

The situation appears unfavorable at many s

deposits of impervious core material and f£i

reasonable haulage distance. An intensive

gimilar %o conducted at Burfell, will

Jority of sites in both bhasins.

64. So crete aggregates in Iceland carry mineral
constit active with high-alkeali cement. The
possibi . of crete disintegration resuliing from this reaction
can be averted by precise field and laboratory investigation, and
adopting whatever corrective procedures may he required.,

Geological mapoping and subsur

all sites where congtruct
be done by or under the
geologisgt.

o
O

gation should bhe con-
nitely planned. This

ction of the

)
B
o
] Qe
e

rec

regsure besting Bhould be conducted in the borings at
zones, interbeds, and secsions of no cor TV, in
i1 > ak
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67. hydroelectric projecis proeposed in the Hvita and Thiorsa
Basins will involve considersble tunneling. Since very litile is
known by actual experience with tunnel conditions and problems in
Iceland as a basis for cost est imates, it is recommended that ex-
ploratory adits and tunnels be driven at gites where pr t plann=
ing designates a critical need for such basic lata.
68. An intensive exploration for construction materiasls should be
made in the early stages of devel opment work. EBxrerimental situdies
should be made of crushing character ristics, frggmentation., and of
sultability of the various materials for the desired use. Some
attention should he given to the posgibility of producing coarse
and fine aggregates and filter material by crushing and processing
the bedrock at the site.
69, An investigation should he msﬁe of morainal and similar dew
po 8 to determine their suitabili Ly for impervrvious cove material.
Th investigation should consider the method of excavation re=
qu dy, the workebiliity of the material and ease ox difficulty of
placing 1% in the core zone, and permegbility.
70. Rock-mechanics testing is recommended, especially for shear
and modulus of elasticity, at sites where in rogranhic conditions
are favorable but where sbuibment rocks sre composad of ﬁﬁuhufz
types.
71. Alkali-ampregate reaction investigations should he starited in
an early utage of the work.in orvder to have the »esnlis avoilable
i

i ¥ i
- e " . P L i
Tor 1final desipgn and construction,

72, During fuiture underground construction, especially tunnels,
every effort should be made +o carefully lopg and map $the various
; ibe conditions and prohlems,:
boring data.
75. The Bagineering Geology Map an ented in this re-
1 :

e mn n
pors should be expanded and extende nal data become
available, in order %0 pr071de some eliminary

planning of future projects in other areas of Tce
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. A short reconnaissance o site was made on 3 June, 1965,
with llessrs. Tomasson and Sig on of the State Wlectricity

L L i o L - o Lo, AT S ) O Lo &
AnTnority, and lUr. Stig Angelin of the United Wations Svecial Fund,
The purpoese of +I + 5 2 + 3 | o tiona and
ih jfgh:ouu‘?LLFﬂe trip was to obsegve_geoioglcﬂl conditions and
_p¢09“um?9 and the character of the various construciion materials
proposed 1or use 1n the construction of the rock-fill dam,
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: Tirgt envis but the exte 2 e%-
ion work completed thus far is thoron tified
oject of such importance and magnit L1 ares
ps the first example of its kind in such in-
' subsurface investipntions of a larpe area have been made.
%; f?n be ?ix?cﬁed thaﬁksnne future projects in other pasrbs of
;‘ﬂ;MnF md?, 50 gome exnentf encounter complex geoclogic conditions
vhat will require a proporitionate amount of subs works

) %u is proposed to use moraine for imperviocus core, basalt
Yrom the canal excavation for shell, and massive basalt for

?rushel aggregate. Representative deposits of each type were Tield
inspecited. All appeasr suitable for their proposed Ls%é and bé;@u”
been carefully sampled and tested. ) T o

Regarding the moraine, a long exploration adit was drive
which encountered a compact, dark gray silty sand with 4 to %M
percent of c¢lay and some gravel and cobbles. Some of ié in %!e
natural state is hard and firm and requires blasting, bhut on éza
posure it breaks down and beconmes very soft. Durinec Cﬁﬂsﬁ?tcﬁ%Oﬂ
%t may be necessary to allow a sufficient time after eyeavaéﬁég o
%0 expose the material and permit i+t to ( uwise; ;ﬁn
might have the characiter of rock and wonld v cve well é‘é
purpose for impermeable core material, -
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