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INTRODUCTION.

Dams of local constructlon materials and earth and rock fill in
particular, became ever more widely used in hydro-technical gonstruc-
tion during last 20 years. One of the maln reasons is the development
of modern machinery for excavatlon and transport. |

The experience gathered in methods of construction and research
on earth and rock-fill dams also made it possible to improve the des~
sign of these dams resulting in lesser quantitles of materlals than
the ones bullt in previous years.

It was equally important in the adoption of this type of dams that
they do not need so robust foundations requirements as are generally
required for concrete gravity dams not to say of arch ones.

In some countries where construction of hydro-power statlions began
rather early the concrete dams have been bullt at favourable sites.
As the time passed there were fewer such sites left where the founda-
tions conditions would favour the constructlon of concrete dams. It
is also promoted, to a certain degree, the earth and rock-fill dams
construction on a wider scale in recent times. It 1s rather interes-
ting to point out that many experts think that if a problem of bull-
ding of hydro-electric power stations wlth high concrete dams, whilch
were constructed during last 20-30 years, had arisen now the earth
and rock-fill types would have been chosen as the most economical ones
for the above-mentioned reasons.

Iceland abounds in relatively vast undeveloped hydro-resources.

Engineering-geologic conditlons at most of the dam sites in the
‘Hvita and Thjorsa river basins make it possible to builld earth and
rock-fill as well as concrete dams.

- We think that the rock-fill dams with thin sloping earth core
should be the main type of structures. This type as 1is shown in chap-
ter I, meets to a greater extent the natural conditlons of Iceland
as well as local condltilons of constructlng the ma jority of dams in
the Hvita and Thjorsa river basins. A thin sloping core type demands
relatively small volumes of materials that require compaction when
being placed. o

The slope of a core 1is recommended in such a'way that 1t might be
carried out either after dumping the main volume of rock-fill or simul-
taneously but stopping the work when weather changes to unfavourable.
Nevertheless those unfavourable weather conditions do not prevent rock-
-f£111 dumping. |
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Rock=-fill type of structure with reinforced concrete membrane is
the next adopted type for dam construction at this area and is recome
mended wherever the core materials are not availlable and there is rock
in the foundation.

Earth dams out of moraine considered for some proJjects turned out
to be less economical than rock-fill structures that can be explained
by the greater volumes, high costs of dense moraine excavation and
additional costs of moraine mechanical compaction for those former
structures.

The use of loose alluvial deposits the excavation of whilch is less
costly than rock excavation was recommended for such projects where
rock excavation out of canals and foundation trenches was not suffi-
cient for construction of rock-fill structures (Hvitarvatn dam).

In some cases when the dam was 10-12 meters high we considered it
reasonable from the economic standpoint to recommend concrete gravity
structure (Hrauneyjafoss dam). The possibility of installlng concrete
arch dams was not touched upon since it fell out of the scope of tasks
set before us.

It is our opinion that sulitable construction materials are present
within reasonable haul distance of nearly all the projects. Appraisal
estimates can assume, for the most part, the availability and suita-
bility of these natural materials.However, further field reconnaissance
with regard thereto must continue. Detailed reconnailssance, sampling
and testing are necessary for the definite project planning and design
phases of each project.

Standard methods of sampling and laboratory can be found in lite-
rature and are not discussed in detall herein.

Location of dam sites and water storages elevations refers to the
preliminary Master Plan worked out by the U N experts.

Taking into account that this Report is carried out as a Master-
ZPlan’ we did not think it reasonable to dwell on numerous problems of
general character referring to dam construction since they are extensi-
vely covered in the corresponding literature. However, some of them e.g.
the dumping of moralne fill under any weather conditions and even at 150
below zero are described in details as 1t can be applied for the consbruc-
tion of rock-fill dams in Iceland. This method ie¢ widely uscd 11 fhe

U.S.5.R. and hardly known in the West. Costs and volumes of works have
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been estimated for dams of all 12 projects on the basis of unit costs
given in the AppendixI.These estimated costs would be further exacted
after the detailed study of construction conditions of each structure
as well as durlng the construction.

I consider it a pleasant duty to express herein my sincere gratitude
to Mr. E.Wessel-Project Manager for his useful advice 1in my carrylng

out of this part of our work.
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I.NATURAL CONDITIONS_ OF ICELAND

Geological and climatic conditlons are the prevalling factors in
the dam construction in Iceland.

From geologlcal polnt of view Iceland may be considered a young
country. It 1s covered to a conslderable part by volcanlec products
which are mainly basalt lava flows. The age of the basalts differs
greatly. The oldest ones belong to the pre-glaclal period.

Pre-glaclial as well as post-glacial basalt formations consist
of several flows dilvided by contact layers of various sediments of
inconsiderable thickness (sandstone and conglomerate) and fragments
of volecanic tuff and breccila.

The palagonite formations originating from the perlod of glaclers
movement and created by the voleanlc activity occur rather often.
They often bullt up hills and consist partly of tuff, brecclia and
highly Jointed basalt intercalatlons.

From engineering point of view all these volecanle deposits are
of adequate compression strength but their permeablility varies great-
ly and depends mainly on the age of the formations. The older deposits
are as a rule less permeable, more indurated and their Joints are
filled in with secondary, fairly dense materlals. The palagonite
series which are the oldest formations in some areas in Iceland
may serve as an exception here since some of the younger basalts
are less permeable than the former. It can be explalned by the pe-
cullar conditions of the formation of those depositsvthat was men-
tioned above.

The most permeable zones 1n basalt lavas despite the age of their
formation are contacts, contact lntercalatlons between flows and
vertical faults created during cooling of lava.

S .Thoroddsen and H.Tomasson‘s report (1) gives the results of
field water pressure tests of lava flows whlch show a range in per-
meability from less than 1 LU (Lugeon unit) up to several hundreds
of LU but these latter permeabllities, as the authors poilnt out,
are found only in young lava flows.

Investigations and explorations of permeability of young basalt
lava flows at the proposed Burfell power plant site made it possible
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to discern a remarkable pecullar feature of these rocks 1.e. the
presence of the perched ground-water table. It shows that the ver-
tical permeabllity of these young basalt flows may be very small.

No less 1interesting 1in engineering respect is the fact that river
level in ThJjorsa and Tungnaa rivers which are flowling mainly on lavas
is not connected with the water table. The latter as a rule is found
some 10-15 meters below the river bottom. Icelandic rivers carry
qulte an amount of sediment load consisting of wind eroded volcanic
deposits. These materials have so effectively sealed the river bottom
that the rilvers hardly have any influence on hydrogeologlcal cone-
ditions in the 1lava.

The surface layers of young basalt as 1t follows from G.KJartans-
son’s report (5) also have small vertical permeability being sealed
to a various degree by fine-grained materlals carried by surface
waters and winds.

Some places in lowlands of Hvlta and ThJorsa river valleys are
covered by ground moralne 1l-25 meters thick.

§eismic Condlitions

Iceland 1s situated in the Atlantic earthquake region. Earth-
quakes of tectonic as well as of volecanic origin occur in the coun-
tfy. The former are of a great lntensity.

- The approximate borders of earthquake regions and values of ac-
celerations are given in the report of a special Commlssion that
studied the problem of earthquakes in Iceland. (2)

The report points to two main earthquake regions. One covers
the territory of Hvita-ThJorsa river basins. At the same time it
is stressed that the intensity of earthquakes here 1is the greatest
and in some zones the value of acceleratlion may achieve 0.17 g.

For constructlon of dams and powerhouses in thils region the designed
value of selsmic acceleration was taken at 0,lg. According to 12-
ball scale an earthquake corresponding to such an acceleratlon is
consldered to be devastating. This probable selismic load should
necessarily be taken into account when designing such important
constructlons as dams, powerhouses etc.
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II. GENERAL BEARING OF_NATURAL CONDITIONS IN ICELAND ON TYPES_ AND

Englneering~geologlical condltions and comparatively low helghts
of dams caused by diversion type of the majority of the proposed
power plants allow to construct almost at all siltes concrete as well
as composite rock and earth type dams. The exceptlon would be the
sites with the thick glaclial moraine layers in the foundatlon strip-
ping of which would be uneconomlically.

Relatively cold winters, great amount of precipitation and strong
wlnds demand durable and frost-reslstant materlals be used in dam
construction and 1t is especlally important for the outer zones of
these constructilons.

The selsmlic conditions are the prevailing natural factors on dam
construction in Iceland. Later on we ‘11 touch the probiem of in-
fluence of seismlc conditions on rock-flll type dams that according
to our opinion would be the main type of dams 1n construction of
hydro power plants on the Hvlta-ThJorsa rivers and thelr tributaries.

In the USSR practice of designing and construction the rock-fill
type dams are to meet thé followlng requirements:

Taking 1nto account that dams on rock foundatlons are less llia-
ble to earthquake rlsk it should be striven that thelr riverbed
sectlon at least be founded on the rock foundatlong;

- The preference should be given to rock-fill dams where leakage-
preventing elements are made out of groundg

The great stabllity against earthquakes 1s characteristic for
dams welghted down vertically by storage water i.e. for membrane-
type dams. However the use of ground membranes leads to higher costs
of dams up to 10-15% Dbecause of gentle upstream slope. Moreover
it 1s rather difficult 1in this case to secure appropriate junction
of the membrane with steep banks and with rear edges of concrete
splllway and surfaces of other constructlons located in the body
of the dam. That 1s why a compromise solution was adopted
and extensively used whereby ground cores are made with a slope in
the direction of the upstream reach.
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Such roeck=-fill dams are known as sloplng core type damsg

The angle of core’s slope may be equal to the angle of natural
rock-fill ‘s slope which 1in this case can be dumped 1ndependently
of a core and filters. It makes 1t possible to dump the latter 1n
favourable climatlc conditlons that 1s ever more important in view
of wet climate 1n those areas. At the same time the core undergoes
lesser deflect with such a priority of construction works because
of less rock-flll settlement;

In case of the absence of construction materials for ground core
within the economically Justlfied distance dams with reinforced
concrete membranes can be bullt in earthquake regions. In that case
membranes should be of a semli-rigld construction or flexible or
lamlnated as they call them for high dams. Moreover there should
be unelastlc dumping layer of gravel or crushed stone placed under
the membrane. N

In the U.S.S.R. testing of several rock-fill dam models showed
thelr considerable earthquake resistance. It 1s explalined by the
flexibillty that makes 1t possible for the rock-~flll to deform
without a loss of 1ts stablility. The most earthquake resistant are
dams bullt of heterogenous ground and rock materials, the so called
composite rock and earth (section) type dams. The ground fills in
Joints and prevents the occurence of concentrated leakage.

The specific construction features of rock-fi1ll dams designed
in conditlons of seismiec regilons which were taken into account by
us when worklng out dam designs for hydro power statlons on the
Hvita-Thjorsa rivers are the followilng:

Freeboard 1s chosen in view of possible waves resulting from sei-
smic shock. At the already bullt dams the freeboard ranges from 1.5
up to 3.0 meters, settlement allowance not lncluded. We have taken
the latter figure which should be defined more accurately later after
calculating the posslble helght of waves agalnst upstream slopes.
Wildth of a dam’s crest 1s taken greater in seilsmic regions than
elsewhere.

The minimum crest wldth is usually taken as 0.1 of the dam’s
helght but never less than 5.0 meters. In view of relatively small
helghts of the dams we consldered it possible to take the crest
width equal up to 6.0 meters.
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The stability of dams 1in earthquake areas deem it necessary to
make sloppes more flat. According to Soviet standards slope angles
should be increased by 10-20 o/o when carrying out preliminary de-
sign work for regions with design selsmlic acceleration of 0.05-0.10g.
In desligning and estimating volumes of dams we have thus increased
slope angles by approximately 10 o/o.

In more detalled dam design such as calculating stabllity of
slopes the design acceleratlon at the top of a dam should be taken
gseveral times more than at the foundatilon depending on the dam’s

height. The difference in acceleration values at varlious heights
of a dam was recorded by selsmographs installed in some dams in the
U.S.S.R. as well as 1in other countriles.

To prevent plping in the Impervious core 1in case of Joints and
cracks belng formed by earthquakes the thickness of protective fil-
ters 1s 1Increased by 2-3 times. In non-selsmlic reglons the volume of
core protecting fllters in dams is usually 6-8 ofo. We estimated
1t suffilclent to take this volume at 12.5 o/o.

This value must necessarily be further adjJusted taken into account
quallties of materlals used for protective fillters and transitilon
zones. Usually materials for core filters for dams 1ln selsmic reglons
should be of higher quality than elsewhere.

Thus we conclude that the most sultable type of dams for south-
western Iceland would be rock~flll dams with slope or vertical core
or composite earth and rock sectlion type dams constructed in accor-
dance wilth requirements resultlng from natural conditions mentioned
above.

However thls does not exclude the construction of other types of
dams out of natural construectlon materials and even concrete ones
which 1n some conditions can turn up to be more economlcal as will
be stated below.
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III. HVITARVATN DAM

Hvitarvatn dam 1s the first proJect at the upper part of the
Hvita River orlginating from Lake Hvitarvatn. From 1its very effluent
from the lake downstream to Abotl waterfall beglndng about three
kilometers downstream from the road bridge across Hvita, the river
flows on almost a flat grade. At the section between the bridge and
waterfall the Hvlta Rlver takes 1n 1its tributary Jokulfall with the
dralnage area almost equal to the half of that of the Hvita River.

The River valley in this area 1s characterized by relatilvely plain
rellef. There are only Lambafell and Blafell mountains 100-150 meters
high at the right bank where Abotil waterfall ‘s rapids begin. The
northern slopes of these mountalns could probably have been the
Lake s bank. Spurs of a small hill come close to the River here.

That is why this sectlon 1s considered suitable for location of the
dam that wlll have a relatlvely small length and will provide for
the diversion of Jokulfall into the Lake.

The bedrock of thls area 1s composed of two basalt formations of
different age and permeabllity and also of breccla formations belng
the oldest ones and these are the main rocks of Blafell and Lamba-
fell mountaines. The Hvita River flows on the old dense basalt con-
sisting of several flows with the thickness of some tens of meters.
The surface of thils basalt is covered with ground moraine of 10-15
meters thick. This moralne appears to be from Glacial Perlod, it 1s very
dense and probably 1mpermeable.

Upstream from confluence of Jokulfall with Hvita grey Basalt out-
crops cover a conslderable area of the bottom of the proposed reser-
volr. This basalt 1s younger and with numerous Jjolnts unfilled with
secondary materlals. It 1s covered with a layer of dense morailne
20-25 meters thick. Basalt however lies exposed on the bank (slopes)
of the River. If the dam site 1s located between the confluence of
Jokulfall with Hvita and Abotl waterfall the dam’s foundation would
be on the old basalt in riverbed sectlon and on moraine 1n the floode
land section. The sectlion of the dam between slopes of Blafell and
Lambafell mountalns having the height of 10-12 meters will be the
only one founded on the Grey basalt with the thickness of up to 40
meters.
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The breccla formatlons composed malnly of volcanic tuff with.
basalt pillow lava intercalatlons will be in the foundatlon of the
dam’s right abutment along the length of 100 meters.

Another possible location of the dam 1s the Hvita River sectlon
some 300-500 meters downstream from the bridge. The dam would then
have a conslderable length to provide for the dilverslon of Jokulfall
into the Hvitarvatn Lake whilch would serve as a storage reservolr
and 1ts level should be raised by 20 meters above the present one.
This site 1s certalnly less favourable fvom the geologic point of
view than the site discussed above since Grey basalt will be in the
dam’s foundation here. However, a dam will be lower here because
of the higher bank elevatlons but the greater distance from the water-
fall would necessiate the prolongatlion of the headrace tunnel and
i1t willl also lead to a certain head loss. The comparison of the ad-
dlitional tunnel costs wlth the possible gain 1n the dam showed that
the two are almost the same. From the geologlc standpolnt the lower
site 1s preferable. Many watersprings were observed in the moraine
durlng fleld investigations of the moraine of the upper site which
proves to the high perméability of the moralne 1n thils area.

The' construction materlals are avallable at both sites and con-
sequently it 1s our opinion that the site closer to the waterfall
1s preferable.

The water levels of the river at the mentloned possible sites
have elevations 418 and 415 meters respectively. The dam should
create storage with the elevation of 440 meters that will require
ralsing of the present Lake level by 20-25 meters. Thus the maximum
dam’s height might be approximately 28 meters. The foundations at
both sites would be in ground morailne 10-15 meters thick. In view
of the small height of the dam especlally in the floodland sectilons
the moralne should be left as 1t 1s since 1lts excavatlon can nelther
be stipulated by technical requirements nor Justifled econonilcally.
A concrete dam 1s unacceptable here desplte the fact that in all
reports on the geology of the area among which Kjartansson’s (3)
1s the most exhaustlve one glaclal moralne 1s described as strongly
Indurated. Only rock-fill or earth constructlons can be bullt here.
The type of dam should be selected takling into account qualiﬁies
and quantities of avallable materials that should be excavated when
constructlng other structures for the project.
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Dam construction practice proved convincingly enough that econamic
solution can be achieved only with full use of these materials.

Thus we have considered two dam alternatives i.e. rock-fill with
thin slopling core and earth section type which 1s earth and rock-
f111 dam with wide moraine core. The latter alternative was considered
because the amount of rock excavated from the tunnel is insufficient
for the rock-f1il1l dam while there 1s ample amount of moraine at the
site.

The dam with the top s width of 6.0 meters and the total length
of 3050 meters (consilsting of two parts) has the maximum height 28
meters in the riverbed section. The upstream slope 1:2 and downstream
slope 1:1.6. The location of the dam corresponds to the lower of
the two sites discussed above.

The rock and earth sectlon dam had the same top s width, length
and height. Upstream and downstream slopes are 1l:2.5.

The proflile was drawn up on the basls of topography on a scale
of 1:10,000 with five-meter contours.

We have estimated the volumes of the main works as the following:

1 The rock-f1ill dam

a/rock-fill- 1,060,000 cu.m.
b/core~- 187,000 cu.m.
c/filters~ 301,000 cu.m.
2 The rock and earth sectlon dam
a/rock-fill- 744,000 cu.m. .
b/core- 854,000 cu.m.
¢/filters- 102,000 cu.m.

The comparilson of cost estimates of these two alternatives showed
that rock and earth section dam is by some 10 o/0 more expensive
than the rock-fill dam (the adopted prices will be dealt with below ).
The rock and earth section dam besldes being more expensive has 1n
this particular case one more serious disadvantage caused by speci-
fic construction conditlons 1n Iceland. The placeablility of moraine
wilth heterogenous structure 1s greatly dependant on its molsture
content. The range of optimum moisture content for compaction of
moraine 1s very narrow. It largely explains the difficulty of
moralne compaction in areas with heavy precipitation and frequent
strong winds which is the case here 1n this area.
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That 1s why it 1s quite natural to strive to minimallze volumes
of moraine fills. All the above-sald favours the selectlion of the
rock-f111 dam with thin sloping core alternative which we propose
as the maln type for the Hvitarvatn project.

The recommended site 1s at natural river level of 415.5 (cf the
map on a 10,000 scale). The dam as has already been mentloned con-
slsts of two parts divided by Lambafell mountain. The total crest
length of the dam is 3050 meters. The maximum helght in the river-
bed section 1is 30 meters. The riverbed section of the dam 1is the
rock-rill structure wilth the sloplng core made of morailne.

For the right bank dam divided into two parts by the
splllway for the better Junction with abutments and in view of 1its
small helght the rock-fill type with the vertlcal core 1s recommended.

The thickness of a core which might be made of moralne 1s defined
by the design pressure gradlent equal to 5. The core abuts
to bank moralne as well as to the rock in the riverbed by means
of the cut-off. The lower part of the filll 1s seperated along the
contact with moralne foundatlon by horizontal inverted fillter.

The moraine is impermeable enough so that no anti-leakage mea~
sures besgides the cut-off willl be required at the bank sectilons
where the head does not exceed 18 meters. The cut-off should be taken
down to the basalt’s roof in the places where moraine layer 1s not
more than 5-6 meters. It should penetrate the rock to not less than
0.5 meter.

The basalt floorilng the rlverbed section was not tested on the
water absorption. We consider 1t necessary to grout a curtain here taking
into account that the head is 50 meters. For cost estimates we pro-
visionally accepted a single-row curtain wlth 3-meter space between
bore holes usilng 200 kg. of cement per running meter of a borehole,
The curtailn should reach down the depth where water absorption
won 't be more 0.05-0.10 1/sec. Lugeon criterium applied formerly
for up to 30 meters high dams equal to 0.03 1/min led to the un-
Justified increasing of grout curtains costs. The experience
in the U.S.S.R. and other countries made 1t possible to apply new
less strict requirements and to differentiate between curtains in
accordance with the head.
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The permeabllity of the groutlng curtain in thls ease should not
exceed 0.03-0.05 1/min. The spillway 1s a low concrete sill equilpped
with flsh-belly gates. The lnstallation of the gates is stipulated
by the possibilility of wind-driven large pleces of ice broken loose
of LangJOkull glacler.

The spilllway 1s deslgned to pass a flood discharge up to 700 m3/sec
and gonsists of 6 bays by 15 meters wide with 3-meter depth at the
sil1l.

The location of the splllway 1s chosen in such a way that the
bed of the brook there may serve as a tallrace canal.

The diversion of the river in the constructlon period for the
foundation treatment of the riverbed section and for the construction
of the dam’s lower part mlght be carried out through the tunnel
usling for this purpose the upstream section of the power house’s
permanent tunnel. The diversion will require an upstream cofferdam
that might be included in the body of the rock-fill dam.

The rock excavated from the tunnel will be the maln source of
£111 material. However the amount of this material will meet only
15 Q/O of requirements in rock for the dam construction. The rest
amounting to some 850,000 cu.m. should be excavated from the quarry.
There should be two of su¢h quarrles located on each bank of the
river. The slopes of Lambafell mountalin at the right bank composed
of palogonite rocks will be a very convenient place for a quarry.
The mentioned rocks are sultable for rock-f1ll at least in the lnner
zones of the dam. The excavatlon of the quarry rock might not be

the most economical solution of the problem.

At the adjacentvupStream section the Hvlta Rlver has a small
hydraullec gradient. The riverbed and the banks are most probably
alluvlal deposits of gravel and sand. These
materlals can be excavated for approximately half the excavatilon
costs of the quarry rock. The alluviums can be easlly used for
fllters as well as for the maklng the central part of the dam, be-
hind the sloping core. We can point out HolJes dam 1n Sweden as an
example of such a solutlon.

In designing the dam it might be advisable to consider an alter-
natlive with morailne core the thickness of which would be inter-
medlate between the two adopted for the above-~discussed alternatives.
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This alternative 1s stipulated by the wish to fully use the econo-
mlcally Justified amount of meraine the excavation of which would be
slightly less costly and the hauling distances definitely shorter.

After having estimated volumes of work for Hvitarvatn dam we es~
timated dam costs 1in accordance with the recommended type of the dam
wilth splllway and foundation treatment costs 1ncluded 1l.e. costs of
all features related to the dam.

Estimated cost of the dam i1s 5.4 million dollars. This sum might
be diminished on account of the use of cheaper materials for the
inner zone of the dam that was already mentioned.

Estimated cost of this dam as well as of all other projects is
based on unit prices for main types of works given in the Appendix.
Unit costs are based on Icelandic price list of 1965. However
some uncertalnty exists and the cost estimates should be regarded

as preliminary ones. Taxes and duties are not 1ncluded.

We find it possible to take 3.2$ as a unit price per cubile
meter of moraine fill.

Unit price of excavation of rock from quarries and
broad canals equals 4$ per cubic meter in natural conditions.

In estimating cost of rock-fill we have taken into account the
loosening up to 30 o/o. Thus one cubic meter of rock-fill was esti-
mated at 3.1%.

We supposed that some 50 o/o of the inverted filter materials
would be a natural sand-gravel mixture and the rest-artiflicial mix-
ture. That 1s why the cost taken for filters at 4.5$ is the inter-
mediate between the cost of the natural and artificial materials.

The concrete structures were estimated using two costs the
difference being dependent on the reinforcement content wlith costs

of metal used for fixing of forms included. The forms costs were
related to that of one cublec meter of concrete masonry and are esti-
mated proceeding from the average volume of a concrete block being
equal to 500 cu.m.

When the reinforcement content is 15 kg. in one cubic meter of

concrete the cost is 29.4$ and when this content is 40 kg. the cost
is 36.5%.
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The former cost was applied for the concrete of splllways and
the latter to reinforced concrete membranes of dams.

The cost of gates and thelr holsting gears was estimated by
increasing the cost of one ton of gates metal by 30 ofo.
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IV. GULLFOSS_DAM

The Hvita river flows in a narrow gorge for 400-500 meters in
the proposed location of the Gullfoss power plant. The upstream
section of the river where »lsing ground of the right bank extends
close to the water edge seems to be the most favourable for the dam
locatlon from the topographic standpoint. The left bank topography
is rather uniform with the over flood land surface direction paral-
lel to the riverbed. The water level elevatlon 1is 213 meters. The
average discharge of the river here is 120 cu.m/sec.

In engineering-geological relation this site has considerable
advantages as the old basalt floors the riverbed and'outcfops in
bank slopes. However the left bank is covered with morailne several
meters thick. Moralne deposits were observed in the right bank as well.

Basalt of the foundatlon is apparently represented also by two
or more flows the proof of it being the presence of sedimentary rocks
of conglomerate and sandstone some 10 meters thick. This layer can
be traced In both banks bub at different levels. Mr.Nicol supposes
in his Report (3) that a fault might lle in the right bank. We could
not find any more deflinlte data on this phenomenon. It should be
clarified by further more detalled investigations. It would be neces-

sary to find out the probability of the further extenslion of the
fault as well as quality and permeabllity of the materlals filling

its Jjoints. If the rindings would prove that such development does
not take place the dam can then be bullt here. But grouting diffi-
culties will remaln since brecclas usually filling this Jolnts are
rather difficult materials for grouting. The Boulder dam in the U.S.A.
may be referred to as an example here.

The sandstone of the mentioned intercalation is fine-grailned,
loose and easlly eroded. When the reservolr would be full this inter-
calation may serve as a path of the intensive leakage accompaniled
by washing out the sandstone.

Mr. Nicol describes basalt formatlons as having many Joints. But

8lnce these Jjoints are filled with clay materlals the formatlons are
of low permeability.
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The dam height in the riverbed section willl be 37 meters wilth
water storage level at 244 meters. The average dam height at the
left bank where it has the greatest length won 't exceed 25 meters.

To select the type of a dam we proceed from the followlng con-—
siderations. The possibility to use the rock excavated from tunnels,
canals, foundation trench of the spillway and the head and tallrace
canals. It would be reasonable to use these materlals 1in the fill
dam. The surface moraine is several meters thick (unfortunately more
detailed data are not available). The height of the dam being 25
meters the excavation of the moraine would be unadvisable since it ‘11
lead to the so far unknown increase of the dam’s height on account
of the most voluminous downstream section of the dam. Therefore the
moraine but the upper vegetation layer should be left in the dam’s
foundation. It might be expected that moraine here would be found
sulitable by its granulometric composition for the core.

In view of the above-~sald we came to the coneclu-
slon that the rock-f1ll construction with the core would be the
most preferable. The cut-off which 1s the continuation of the core
might be taken down to the rock if moraine in natural condition
would turn out to be highly permeable as it 1is the case near the
bridge across the Hvita river not far from the Hvitarvatn lake.

The core may be elther sloping or vertical in case the spillway
divides the dam.

In designing the dam we placed the spillway on the right bank
where elevatlons range from 235 up to 237 meters.

The dam has a vertlcal core seperated from the fill by filters
that are also provided for at the contact of the downstream section
of the fill with the moraine foundation.

We do not consider the locatlon of the splllway selected by us
to be the most favourable one. It is desirable to choose another
location of the spillway when topographic conditions at the dam
site would be defined more precisely.

The discharges at thls section being relatively small the river
cab be dilverted durlng the construction period through the tunnel
feeding the power plant.
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It will enable to avoild the using of the incompletely built spill-
way for the construction discharge and therefore the spillway might
be located outslde the dam at the higher elevations. Such a locatlon
of the splllway 1s desirable because there won’t be any necessity
then in junction of the rock-fill dam’s core with rigid concrete
abutments of the spilllway. In this case the core selected might be
a vertical one.

The total dam”s length along the crest is 475 meters, the crest
wldth 1is 6.0 meters at the elevation 247.0 meters. The plan and
cross sectlion of the dam are given in the Appendix. The value of
settlements at the crest is included in the freeboard. The crest
level may be slightly lowered here since the helght of the bank
sections of the dam is considerably less than that of the riverbed
section (some 12-15 meters).

It is utterly important to grout a curtain to prevent the possi-
bility of high leakage and washing out of sandstone out of sedimen-
tary intercalation. The curtain might be placed under the dam’s
cut-off. The grouting section would be defined after more detailed
investigations of the area with the purpose of determining whether
the porosity of the rock allows such measures to be carried out or
not. If the investigation date would confirm this possiblility the
height of the curtain might be limited by the thickness of the
intercalation with a slight penetration of the former into the
basalt as to guarantee that the whole thickness of the intermittent
layer 1s sufficilently watertight.

In case the rock would turn out unsultable for grouting mixture
Injections an alternative solution might be adopted i.e. the banks
surface wilthin the limits of the sedimentary intermittent layer is
covered wilth a layer of low permeable materials. The length of such
a shield cover mlght be calculated on the basis of the allowable
pressure gradlents.

The gradilent 1s usually found according to the data of labora-
tory tests on piping. The obtained 1limit gradient is divided by
two-three tlmes and then adopted as the design one.

However to carry out thls cover would necessiate the flattening
of the banks at a certaln distance upstream from the dam as they
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are very steep 1n natural condltions so that the dumping and com-
paction of the ground would be difficult to manage.

The spillway 1s designed to pass high flow dlscharge up to 2100
cu, m./sec. Since as in case of the adopted by us spillway location
the volume of work for the rock-fill dam depends on 1its length con-
sideratlion was gilven to several spillway alternatives with difference
in height of gates and consequently in sllls elevation. Moreover
the different spillway’s length requires different quantities of
rock excavatlons from head and taill race canals. We have consilidered
splllways with the helght of gates 3.5 and 7 meters. After volumes
of work for the rock-fill dam as well as for the spillway have been
calculated 1ncluding all the accompanying expendltures it was con-
cluded that the most economically advantageous is the spillway alter~
native wilth the gates height of 5 meters. In this case the dam’s
length will be 100 meters and it consists of & spans by 15 meters
closed by talnter gates. From the design standpoint the spillway
is a low threshold divilded by plers 11.5 meters high and 1.8 meters
thick.

The volumes of work are estimated as the following:

Excavation of soft ground- 10,000 cu.m.

Excavation of rock- 7,100 cu.m.
Fill. Rock-fill- 201,000 cu.m.
Core- 43,000 cu.nm.
Filters- 61,000 cu.m.
Concrete and reinforced concrete- 6,000 cu.m.
Grout curtain- 1.2 ton of cement
Gates and holsting gears- 164 tons

Estlmatea dam cost 1n accordance with unit costs given in the
Appendix 1 is 1.71 mil.$.

It should be noted down here that costs of the dam alternative
with the spillway taken outslde of the dam were estimated as prac-
tically the same.
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V. NORDLINGAALDA DAM
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The dam willl be located in the upstream sectlion of the Thjorsa
river and serve as a storage dam for all power plants on the Thjorsa
river,

The Report of Icelandic geologists Messrs. T.Tryggvason and T.
Eilnarsson (6) gilves the description of the two possible dam sites
from the standpoint of geology and topography.

The upper site 1s near Soleyarh6fdi and the lower near Nordlinga-
alda. As can be deduced from the Report the upper site is certainly
less favourable than the lower one with regard to the topography
and the foundatlon geology. Wlth the dam located at the downstream
site the storage volume might be larger (all other conditions
belng the same). Taking into account all the above-sald we found
it possible to gilve preference to the site near Nordlingaalda.
However it 1s reasonable to locate the dam in the riverbed sectilon
som 400 meters upstream from the confluence of the Svarta with
Thjorsa where the Svarta flows parallel to the riverbed for the
purposes of the more convenlent diversion of the river durilng the
construction period. This location as compared with the one pro-
posed by the authors of the Report would allow to decrease dam’s
height in the rilverbed sectlion by several meters. The rilver level
at this site as can be seen on the map on a scale 1:20,000 1is equal
to approximately 557 meters.

Unlike the above-described sites the foundatlon here 1s mainly
in sedimentary rocks. The riverbed cut down by the river is floored
with conglomerate, the banks with thlck layer of the dense morailne.
The thickness of the moraine layer as can be seen 1in the cross sec-
tion in Tryggvason and Einarsson’s Report (6) is some 30 meters.
Moralne 1s under a layer of volcanlc breccla 3-6 meters thick. This
breccla seems to be highly permeable as water springs are observed
at the exposure of this rock in the bank slope. The conglomerate
underlylng the breccila interlayer 1is tight and firm according to
mr. Nicol’s Report (3).
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Nordlingaalda storage was estlmated and on 1ts basils the water
storage elevation taken at 593 meters. Thus the maximum dam helght
willl be about 45 meters and not more than 10-15 meters along the
greater part of its length. The dam 1s so designed as consisting
of several sections divided by the hills 1in the area. The total
dam’s length (or the total length of all its parts) i1s 7.2 km.

This length was defined for the adopted dam crest elevatlon 597

meters i.e. 4 meters higher than the natural water storage eleva-

tion. We deem it necessary in view of the strong winds prevailling

in thls area and the posstbility of wave overbreak in case the elevation
difference would have been 3 meters.

No other constructions but the spilllway are envisaged since bull-
ding of power plants here 1is thought to be unreasonable. Thus no
borrow pit materials would in fact be avallable. All the materials
for the dam should be excavated from quarries. There is a possibiiity
of a quarry for rock excavation from the basalt to the south from
Eyvafenskvisl on the right bank as well as recent alluvial deposits
on both banks not to say of moraine available in the vicinity.

Thus we came to a conclusion that the dam at thls site might be
an earth one made of moraine (1.e. rock and earth section) or a
rock-f111 construction with the greatest possible use of alluvial
deposits for the dam’s central core fill located beside the sloping
core., Moralne deposits with the required content of fine particles
might be discovered here to be used for the dam’s core. A certain
part of the rock for the dam might be substituted for the alluvial
materials that will be economically reasonable since the excavation
of the latter will be 1.542.0 times cheaper than that of the rock.

Because of the scarce reconnailssance data on the deposits at the
dam site we “ve decided to consider the two dam alternatives i.e.
earth out of moraine and rock-fill with a sloping core out of moraine,

When estimating volumes of work for the two alternatives we used
the topographical map on a scale of 1:20,000.

The surface weathered moralne layer the approximate thickness of
which we estimated 1n our calculations as one meter should be sftrip-
ped off before constructing the earth dam.
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Such a Junction with foundation on account of the heads that will

be at Nordlingaalda dam make any grout curtain unnecessary except

may be in the riverbed section. As this section is very short in
compariscon with the total dam’s lengthk the grout curtain costs can

not considerably influence the total dam costs. That is why we have not
included any grout curtainsin our cost estimation for the earth dam
alternative., It does not however in any way exclude that same grou-
ting in the breccia layer might be necessary.

Another case is with the rock-fill dam alternative. To lengthen
the leakage path either the deep cut-off being the vertical conti-
nuance of the sloping core should be installed here or a shallow
grout curtain that should be taken down into the conglomerate by
0.5~1.0 meter.

The stripping.off the surface moralne layer before placing the
rock-fill is not required in the case of a construction. Grouting
curtain cost was included in the estimated costs for the rock-fill
alternative. Such curtains can be successfully constructed in moraine
under certaln sonditions e.g. at Mattmark dam 1n Switzerland this
was done.

Calculated volumes of work for the main dam alternatives are the

followings
Earth dam alternative
-ground excavatlon~ 1,000,000 cu.m,
-moraine fill- 4,100,000 cu.m.
~filters-~ 225,000 cu.m.
~rock~f1ll 884,000 cu.m.

Estimated earth dam alternative eost- 19.4 mil.$
Rock-f1ll dam alternative

~-ground excavatlon- 156,000 cu.m.
~rock-fill- 2,248,000 cu.m.
-moraine fill- 521,000 cu.m.
-filters-~ 665,000 cu.m.
-grouting- 3,640 tuns of cement

Estimated rock~fl1lll dam alternative-cost- 12.3mil.$
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Estimated cost comparilson shows absoluyte advantage of the rock-
f111 dam alternative. Thus we recommend for this proJject the rock-
£111 dam construction. In case further reconnalssance finds alluvial
deposlits sufficient for the fill of a dam and within economically
Justifled distance the earth wlth moraine core dam constructed of
these materials might turn out to be cheaper than the rock-fill
dam construction.

The spillway is calculated to pass a flood dilscharge up to 2000
cu.m/sec. and has the length of 100 meters and 1s located at the
extreme right bank sectlon of the dam. Its locatlion so chosen as
to divide the splllway at the small height sectlion of the dam and
to use the bed of the stream for the diversion of the spill-
way s water.
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VI. HVANNGILJAFOSS DAM
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The project will be located at the Thjorsa river section between
the Nordlingaalda dam and the Dynkur power plant. The site was cho-
sen in the 600 meters distance from the waterfall where the river
water level elevation is 506 meters. The dam here will cross the
Thjorsa riverbed as well as two other streams flowing into Thjorsa
in a short distance downstream from the fall. We deemed it necessa-
ry to eonsider Hvanngiljafoss dam at the three alternative water
storage elevatlons 520,545 and 570 in view of the relatively high
cost of the Nordlingaalda dam and of the possibility that the re-
cently stated volume of the Nordlingaalda water storage might be
less than was shown by the calculations made on IBM computer. After
the costs analysis the water storage elevation of 525 meters was
chosen,

As is stated in Mr. Nicol’s Reports on the geology of the area
(sections are not available) the river flows here on the well cemen=
ted conglomerate overlain on the banks by the thick ground moralne
layer. The maximum dam height here 1s 235 meters. The rock-fill or
earth (of moraine) constructlons are feasible here on account of
the available materials. However as was previously shown the morailne
dam would be more costly than the rock-fill dam. Estimated rock ex-
cavations from foundatlon trench and spillway canal seem sufflcilent
for the rock-fill construction. Thus the rock-fill construection
wilth sloping core will be certainly the most suiltable as the con-
structiongwith relnforced concrete membrane 1is unacceptable because
of the thick moraine layer in the foundatlon of the dam.

The'érest‘elevation is 528 meters, the crest width-6 meters,
the dam’s length along the crest-1600 meters. The upstream siope
1:2,, the downstream-1l:1.5. Unfortunately there 1s a lack of recon-
naissance data for this site so nothing can be said about ﬁhe avai-
labllity of fllter materials and of the sultabllity of the moraine
as core material. |

The longer part of the dam will be located ony the right bank and
the dam’s height of this section will be 12 meters. The carried down
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core’s cut off would be sufficilent for the Junction of the core
wlth the moraine foundatlon.

The riverbed section of the dam is founded on the well cemented
conglomerate usually containing lenses of loose sandstone. It neces-
sitates the grouting of a curtain at thls sec-
tion which 1s accepted by us as a single-row curtain with the length
of 500 meters, 10 meters deep with boreholes at a 3 meter
distance. Undoubtedly these figures might be changed after further
investigation of the foundation ( but it is certain that the grout
curtain is necessary).

The splllway 1s located outside the dam on the left bank and has
6 spans by 15 meters with low sills. The tailnter gates were chosen.
The total length of the head and tallrace canals 1s about 600 meters.
The shute 1s planned beside the downstream canal.

Power house s intake is envisaged at the dam. The penstocks should
then be placed along the downstream slope of the dam.

To lessen the required volumes of ground excavatilons it 1s con-
venient to locate the power house bulilding in the bed of the strean.
The estimated volumes of work for the dam with the spillway and

the canals are the following:
-moraine excavatilon- 104,000 cu.m.

~rock excavation- 600,000 cu.m.
-rock-fill~ 566,000 cu.m.,
-core- 105, 000 cu.m.
-filters- 160,000 cu.m.
~-concrete- 4,300 cu.m.
-grout curtain- N Alwzééitons of cement

~-gates and holstlng gears 126 tons.
The volume of moraine excavatlon equals the volume of the vege~
tation and weathered layer one meter thick.
- The estimated dam costs-2.4 mil.$.
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VII. DYNKUR DAM:
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The site of the dam 1is located between two waterfalls where the
river elevation is 453 meters. The bank slopes at the site are re-
latively gentle despite the closeness of the waterfalls. The main
rock of the site is old basalt (as stated in Mr. Nicol’s Report (3)).

In the strambed the river seems to wash out basalt down to sedi-
mentary layer lyilng between basalt flows and composed of sandstone
and conglomerate.

Neither of these rocks was 1nvestigated on the permeability.

It might only be supposed on account of the age of basalt that

its numerous Jjoints are filled with sedimentary materials. Conglo-
merate is also undoubtedly sultable and impermeable. Sandstone
however 1s loose and might be eroded after the dam 1s constructed.
Datea on the deposits of other construction materials are limited
to the stating of theilr availability within a reasonable distanrce.
Nothing is said about their characteristics.

The Dynkur power plant is of the dilversion type with a long
headrace tunnel which longer part is passing through good basalt.
This rock can be used for the construction of the dam. The dam’s
height is chosen at 4} meters with the water storage elevation
490 meters and crest’s elevation 493 meters.

As the dam’s height is 25-30 meters in average and the excavated
rock is available a rock-fill construction would be reasonable at
this site, bubt unfortunately data on other construction materials
arve insufficient so a definite recommendation of the rock-fill con-
struction is impossible. Nevertheless 1t seems advisable to builld
a rock fill construction here with a core that to a greater degree
meets the Icelandic requirements than a construction with the rein-
forced concrete membrane.

Proceeding from the above-sald and on the basis of topography
on a scale 1:20,000 the dam’s length along the crest is equal to
1100 meters., The crest width is 6 meters. The upstream slope is
1:2,4, the downstream-1:1,6. In view of the small average dam s

helght it might not be curvilinear in plan without a camber vpotream.



=26

However it would be necessary at the left bank abutment of the dam
where this camber is needed for the Jjunction with the high part of
the bank.

After the construction of the diversion canal there would be two
river branches upstream from the dam that wlll allow to shift the
flow from one to another during construction period for the foun-
dation treatment and dumping of the lower section of the dam.

When the river is completely dammed (i.e. both branches) river
flow can be passed through a tunnel, the power plant headrace
tunnel serves as a part. Cofferdams are included in the body of the
dam and in estimated volumes of work were not considered separately.

The spillway is calculated to pass a flow up to 2500 cu.m./sec.
and is composed of 7 spans 15 meters wide. The tainter gates are 5
meters high. The spillway 1s located on the left bank outside the
dam.

Anti-leakage treatment of the dam’s foundation would be different
as was the case for all above-considered projects. The most diffi-
cult would be to protect the riverbed section because of the layer
of conglomerate and loose sandstone present there. This layer is
some 15 meters thick and it would be difficult and costly to cut
into it with a cut-off. The grout curtalin construction would be
definitely much cheaper. The edge lenght of the curtain should be
defined after investlgating the plpling resistance of the lnterbed
materlal. The total grout curtain length for our preliminary esti-
mates was taken equal to 400 meters with the dilstance between bore-
holes-3.0 meters.

The carrying down of the core’s cut-off for the rest part of the
dam should be sufficient as basalt on the banks has low permeability.
The depth of the cut-~off might be defined by providing the pressure
gradient not less than 6.

Before selectling the water storage elevation we estimated volumes
and costs of works for the three water storage elevations i.e. 480,
490 and 520 meters. The cost of one killowatt of installed thermal
plant capacity equal to 300$ served as the criterium of the econo-
mlc reasonabllity of water storage elevabion railsing. The estimates
showed the optimum water storage elevatlon to be within the limits
of 490-492 meters.
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The estimated volumes and costs for the dam at the water storage
elevation 490 meters are the following:
-rock excavation- 78,000 cu.m.

wrock-fill- 866,000 cu.m.
~core- 170,000 cu.m.
-filters- 172,000 cu.m.
~-grout curtain- 789 tons of cement

The dam’s cost- 4.3 mil.$
The water storage volume- 340 mil.cu.m.
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VIII. SULTARTANGI DAM
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This prbject will be located upstream from the Burfell power plant
near the confluence of the Tungnaa river with the Thjorsa river.
The left bank at this section is very flat and the fall of the Tung-
naa river flowing here is small so that it is divided into several
branches. There 1s a waterfall at the point of confluence of the
Tungnaa river into ThJjorsa. The characteristic feature of the dam’s
foundation is interbedded layers of lawa flows and loose sand. The
steep right bank rests on conglomerate.

Downstream from the waterfall Thjorsa flows on firm and tight
basalt. This rock 1is covered on the left bank with thick layer of
lava and only at some elevations outcropping basalt hills can be
observed.

The water storage elevation was chosen at 300 meters.

The consideration was given to the two economically reasonable
dam sites. The lower being located downstream from the waterfall
and the upper dam site 1in three kilometers upstream from the water-
fall. The lower dam site seemed more favourable since the dam here
could have been considerably smaller and. the geology of the right
abutment better than at the upper site.

Nevertheless the estimated volumes of materials showed that the
dam at the upper site would be more economic. Thus 1%t was adbpted
for the further design work. '

At the water storage elevation 303 meters the dam’s length along
the top would be 5600 meters, the maximum height-17 meters. The
ravine on the left bank filled with sand was thought advisable to
use for the power plant diverSion canal the building of which in
~this pase would be located at the dam’s left abutment. The relati-
vely shallow water storage made 1t necessary to suppose a headrace
canal 3000 meters long. The canal will be in lava. The volume of
excavation from the canal equals approximately one million cubiec
meters. Thus a rock-f1ll construction 1is more preferable. The esti-
mated volumes of rock-fill showed that the volume of rock excavated
from the headrace canal and the power plant’s building bottom trench
would be sufficient for this purpose. The ample amount of available
moraine glves rise to a hope that deposits of materials suitable
for the core might be found here.
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The spillway is cuiiposed of 12 spans by 15 meters with the gates
5 meters high. The number of spans was defined by the accepted high
flow discharge equal to 4300 cu.m./sec. The spillway would be rea-
sonable to locate in the Thjorsa riverbed on sound basalt. During
construction period the ThJorsa river might be diverted to the
Tungnaa river through the special connecting canal. After the
piers are built and the Tungnaa river is dammed both rivers can
be passed through the spillway without sills. In view of the required
Junction of the dam with the concrete of the spillway it 1s desir-
able the core to be a vertical one.

Mr. Kjartansson supposes in his Report (5) that lava at this
area might be of relatively low permeability bub probably except
the upper zone with many Jjoints. '

There are no avallable data on the permeability of the lava
(as it is the case for all other projects). Consequently taking
into account the relatively small dam's‘height and the above-~stated
supposition we found it possible to recommend here a trench cut-off
without any grout curtain. The vegetation layer should be stripped |
off only within the area of rock-fill dumping. Moraine and upper
‘lava layer under the rock-fill might be left. The depth of the
trench cut-off would be defined by the most economical combination
of foundation leakage and construction costs.

Conglomerate on the left bank will require the most detailed explo-
tation. At the present stage of knowledge of the rock’s qualities
1t might be recommended to construct here a trench cut~off to
basalt ‘s roof penetrating 0.5-~1.0 meters into the rock. The per-
meabllity of contact zone between lava and basalt on the left bank
of Thjorsa is not known. This contact surface outcrops on to the
bankslope. When the storage would be filled short leakage paths
might appear along this plane. Preliminary toﬁﬂmanti—leakage meag-
sures detalled investigation of this zone is necessary. '

Volumes of main works for Sultartangl dam are the following:

~rock-fill- 1,052,000 cu.m.
~-COre- 185,000 cu.m.
~-filters- 180,000 cu.m.
~concrete- 32,500 cu.m.

~gates and holsting gears 252 tons
Cost of dam equals 6.40 mil.$.
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The dam would be the next power plant after Burfell on the
Thjdrsa river. The Skard water storage would be the lower reach of
the Burfell power plant and its water surface elevation would be 120
meters. The dam site is located in an area where the rlver has ele-
vation 107 meters. The topography and geology of the area is but slig-
htly studied. It is stated in Mr. Nicol s Report that the main bedrock
in the riverbed on the left bank is post-glacial‘Thjorsa lava. However
in the geologic cross-section accompanying the Report it is shown that
the river flows on old basalt and lavQ can be observed only Close to
the left bank. The thickness of the lava ranges between 12-15 meters.
The intercalation of post-glacial sediments containing gravel, sand ,silt
and probably clay is shown between lava layer and basalt’s roof.

There are no data on the permeability of this intercalation. In the
table attached to the above-mentioned Report these fini-glacial sediments
are given general characteristics from which can be deduced that at the
Thjorsa river basin such deposits consist of loose mixtures of sand

and well-rolled gravel. Nothing is known about other materials 1n the
vicinity of the site which might be used for the construction of
various structures. The discharge at this section of the river exceeds
300 cu.m./sec. and therefore it won’'t be feasible to use the tunnel

for the river diversion during construction period. Consequently the
splllway ‘s bottom trench should be so deep as to allow the whole

river flow to pass through the splillway without sills when the river-
bed would be dammed. |

Thus borrow-pit materials would be excavated from the power plant’s
tunnel, canals and the spillway’s bottom trench. All these excavations
would be carried out in old basalt. The excavated rock might be used
for the dam as well as aggregate material for the spillway s concrete.

The dam’s height with the three-meter freeboard would be 22-23 me-
ters.

We think the rock-fill construction would be the most economic
solutlon for this site in view that the volume of borrow-pit materials
is  sufficient for the mentioned type of construction. To secure the
more safe junction with the spillway s abutments a dam with a verti-
cal core is desirable here so that s what we have adopted (or estima-
ting the dam cost.
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The dam”’s length along the top is 830 meters, the top elevation
12% meters. The upstream slope is 1:1.6, the downstream 1l:1.5.

In order to lessen the leakage from the storage and to prevent
washing out of fine-gralned materials from sedimentary intercalatlon
we find it necessary to envisage at the present stage of knowledge
to envisage a grout curtailn though the Head at the dam is rather small.

Certain amount of time will be required for the dam’s foundation
to get sealed after the storage 1is full. Most damages at dams because
of the washing out of foundation sedimentary rocks occur during first
years of their operation.

The required grout curtain with the total length of 500 meters
consists of the two sections one belng in the area of lava layers
the other in basalt. The main difference between the two sections is
in the cement expenditure which was adopted 280 for lava and 150 kilo-
gramms per running meter of borehole for basalt.

The spillway is designed to pass 4300 cu.m./sec. and is composed
of 6 spans of 15 meters. Tainter gates are 6 meters high.

The bottom openings 3x3 meters two in each spillway’s sill are
envisaged to pass a part of the design flow and to diminish the amount
of rock excavation from canals and the bottom trench. For the reason
stated above the bottom of the spillway’s canal is at the riverbed
level.

The estimated volumes of the main works for the dam on the basis
of a 1:50,000 scale map are the following:

~-excavation of soft ground- (vegetatlion layer one

meter deep)=- 11,000 cu.m.
-excavation of rock- 142,000 cu.m.
~-rock-f1ill 252,000 cu.m.
~core- 41,000 cu.m.
~-filters~ 43,000 cu.m.
~concrete~ 27,300 cu.m.
~grout curtain- 370 tons of cement
-gates and holsting gears~ 168 tons

The total estimated dam cost wilth the spillway, canals and coffer-
dams included equals 2.26 mil$.
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X. URRIDAFOSS DAM.

This dam represents the last stage of the power plants in the
Thjorsa river. Possible dam location 1s discussed in Mr. Thoroddsen’s
(4) and Mr. Kjartansson’s (5) Reports. They proposed four dam sites
each one of whilch is acceptable bubt has its advantages as well as
disadvantages. We had no possibility to consider all the sites and
confined ourselves to one whilch we selected as the most preferable
from the standpoint of the topography and geology. At the selected
site the ground base 1s of tight and firm pleistocene basalt cropping
out of lava hill on the right bank.which 1s called Sandholt. This
basalt layer floors the riverbed section on the left bank. In case
the dam 1s located at this site the tunnel would be somewhat shorter
than at other sites except no 4 but there the dam would require
greater amount of materlals in comparison with other dam sites, which
is caused by low riverbed elevation and little relief gradient of the
right bank at the site U4 that would require an extension of the stru-
cture.

The maximum possible Urridafoss water storage elevation is 43 me-
ters. The dam’s foundation along its whole length is in old basalt.

The choice of construction type for this dam site was governed to
a greater degree by water discharges that should pass the spilllway
than by the availlability of construction materlals at site. At the
adopted by us design flow being 4500 cu.m./sec. in view of certain
discharge transformations on account of the water storage the requi-
red spillway’s length would be 130 meters. In defining this length
we have taken rather considerable tainter gates height equal to 7
meters in order to avoid voluminous rock excavations on the river
banks. Water dilscharges during construction period will be too large
to enable diversion of the river through the tunnel. That 1s why the
locatlion of the spillway would be 1n the riverbed and the use of it
(without sills) for passing the water during this period is reasonable.

Thus the maln type of construction of this project would be a con-
crete splllway with rock-£111 abutments. The abutting dams
should have central cores securing better Junction with the concrete.
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The rear abutments’ edges should have a dlp somewhat more than is de-
manded by thelr stability conditions. It is demanded for securing more
safe Junction of the dam with the spillway ‘s concrete abutments.

It 18 desirable to flatten the steep right bank to provide for more pro-
portional settlements of the rock-fill abutments. To the north-west
of the Sandholt the ground level along a small stretch 1s some 0.5
meter lower of the proposed water storage level. Therefore a 2-3% me-
ters high dike founded on lava will be required here.

The total dam’s length along the top 1s 400 meters. The maximum
helght 1s 23 meters.

The rock excavated from the tunnel, bottom trench and canal can
be used for the rock-fill.

In his Report Mr. Kjartansson (5) states the caution that in case
of a high hydraulic gradient 1t 1s concelvable that some material
mlght be washed out from the sedimentary layer between lava and ba-
salt. Anything can hardly be said without studying the plping resis-
tance quallties of these materials. Supposing that the lava consists
of several layers and consequently 1ts vertical permeability might
be disregarded than the shortest leakage path the route of which
would be around Sandholt is some 400 meters long. When the water storage
would be full the average pressure gradient would equal 0.05-0.06.
There might be no piping at such a gradlent if to prevent the piler-
cing of water into this interbed through the thlckness of lava. Such
a condition in lava might be attailned after several years of dam’s
operation and 1n case of sedimentary deposits in the water storage
bed.

Therefore we think that preliminary measures to prevent excessive
leakage through the interbed should be provided for. A grout curtain
might be constructed for this purpose in the foundaﬁion of the right
bank dam to cut down into the 1nterbed and exclude excessive water
loss at the flrst stages of the operation period. Further more detail-
ed investigatlons and studles might certalnly prove that the compacted
and deep curtaln is not required here but nevertheless we deemed it
necessary to envlsage such measures at this stage and to include their
costs 1In estimating dam costs.
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Estimated volumes of main works for the dam:

-excavation of rock from spillway’s bottom trench-88,100 cu.m.
canal and right s bank

~-rock=-fill in the dam- 3,500 cu.m.
~-filters- 5,600 cu.m.
-spillway ‘s concrete- 41,000 cu.m.
~grout curtain- 480 tons of cement
-gates and hoisting gears- 168 tons

The dam’s cost with the spilllway included was estimated at 1.6 mil$.
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The Kaldakvisl river the tributary of the Thorisos river, flows
to the north-west of the Thorisvatn lake at approximately A4-kilometer
distance. The Thorisos river is an outlet from the Thorisvatn lake
and after covering rather windy course extending for some 6 kilometers
contributes its waters to the Kaldakvisl river. It 1s planned to use
the Thorisvatn lake as a natural water storage with diversion of the
Kaldakvisl river flow through the bed and the water storage of the
Thorisos river.

Dams on both rivers would be required to carry out such diversion.

Icelandic engineers Messrs. Thoroddsen (4) and KJartansson (5)
proposed two alternative dam sites on these rlvers that to our opinion
are the most suitable of all other possible alternatives. One of them
proposes to bridge both rivers by one dam. This dam site 1is located
at a 2.5-kilometer distance from their confluence (Lower site). The
other alternative is two seperate dams located farther upstream
- (Upper site). Owing to local relief lowering of the left river bank
the Kaldakvisl watér storage extends in the direction of the Thorisos
river.

The Kaldakvisl river might be diverted to the Thorisvatn lake through
the Thorisos water storage by means of a connecting canal. The Thorisos
water storage level is similar to that of the lake.

The results of geologic reconnalssance studles are given in KJjartan-
sson’s (5) and Nicol’s (3) Reports.

In case the dam would be located at the lower site its foundation
on a considerable length will be 1n palagonite formations and post-
glacial lava underlain by sedimentary deposits of moraine and alluvium.
All the rocks are highly permeable. The maximum dam height at water
storage elevation 571 meters equals 26 meters.

‘The dam at the upper site would be founded on basalt and on moraine
under the rilght abutment at high elevations if moraine is of conside-~
rable thickness. The dam’s height in the riverbed section at water
storage elevation 577 meters would be 22.0 meters. The Thorisos river
at the proposed silte location flows on moraine. Its right abutment
would be on post-glaclal lava of the similar quality to that at lower
site.
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Moraine is characterized as belng rather tight and lmpermeable.

The foundation conditions at this site on the Thorlsos river are
the most investigated. Six boreholes were drilled that made it pos-
sible to outline on the cross-section the discovered layers to the
depth of 20 meters. Therefore the data on the geology of thils dam
site are the most reliable in comparison with other sites. The dam’s
height here would not be more than 12 meters.

In comparing the two locatlion alternatives 1t might be seen at
this stage of knowledge of layers and thelr filtration properties
that both sites are quite similar. The upper site does not seem any
dangerous in relatlon to foundation and leakage-preventlve measures
might be kept to minimum 1f materials filled basalt Jjoints are not
apt to being washed out.

The dam foundation conditions at the upper site as well as at
the lower site across both rivers are very much alike owing to the
presence of lava. However other rocks at the site are of different
qualities and the upper site at Thorisos seems more advantageous as
the permeability of tight moraine might be less than that of the pala-
gonlte rocks at the lower site.

We conslder the rock-fill construction to be more preferable if
they are to be located at upper sites.

This type of construction is reasonable for the lower site as well
since it mightn’t be possible to obtain sufficient amounts of suitable
moralne or alluvium within close distance. The required volume of rock
for the dam should be excavated from quarries.

For alternatives cost estimation comparison we calculated volumes
of work for the two alternatives wilth the data following. The dam at
the lower site has the top’s elevation 574 meters(water storage ele-
vation 571 meters), the dam’s length is 435 meters, the top s eleva-
tion of the Kaldakvisl dam 580 meters (water storage elevation-576
meters), the dam’'s length is 940 meters. The latter was defined by
two conditions. The filrst consisted 1n securing the raising of the
Kaldakvisl water storage level in order to carry out river diversion
at the plezomteric gradlent of canal waters. The second to provide
volume of rock excavation from the tailrace canal egqual to the volume
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of the rock-fill in the dam takilng into consideration the porosity
of the materials. While the first conditlon was stipulated by techni-
cal requirements, the second by purely economlc consideratilons.
As the result of estimating total volumes of dams at the above-
mentioned data the following 1is obtailned:
Upper dam site

Kaldakvisl dam- 203,000 cu.m.
Thorisos dam- 65,500 cu.m.
Total- 268,500 cu.m.

Lower dam site
One dam across Kaldakvisl and Thorisos- 510,000 cu.m.

Taking foundatlon treatment costs as belng approximately the same
the alternative with the dams locatlion at the upper site should be
considered more economically reasonable.

The spillway would be required for construction discharge from the
Thorisvatn lake. It might be located either on the lake’s bank or in
the dam on the Thorisos river. The definite locatlion can be selected
later 1in connectlon with the layout of construction works. The propo-
sed by us locatlon of spillway envisages its usage in an incompletely
built condition (without sills) for diversion of the Thorisos and
Kaldakvisl during construction period. When the Kaldakvisl dam would
have been built it certainly won’t be the only solution and it might
turn out that the splllway located on the lake s bank would be economi-
cally more Jjustified.

The spillway 1s calculated to pass 500 cu.m./sec. at the normal
water level and is composed of two spans by 15 meters with the gates
5 meters high. Its foundation 1is on tight moraine.

Cross-section surface 1s defined by the condition that the velocity
of water in canal at the average Kaldakvisl river discharge of 60
cu.m./sec. should not exceed 0.6 m/sec. The slulce should be installed
at the canal’s end sectlon. We thought 1t to be extremely desirable
to periodically wash the canal and water storage that would be depo-
slted by bedload. Such washing would enable to form another bed of
the Kaldakvisl river for the time when the rest part of water storage
volume would be filled with bedload. At the same time 1t won’t be
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necessary to build on the dam of this water storage.

The bullding on of the Thorisos dam nevertheless would be desir-
able,after several years of operation and the bedload got stored up,
in order to ralse the Thorisvatn lake level.

Unlike the dam foundation on the Hvita river dams would be founded
on post-glaclal lava here.

Several flows are expected here. Lava 1is sufficlently tight and
firm for the rock-fill construction but it 1s of high permeability
in horizontal directlon which can be explained by the conslderable
cavernouslity of the lower part of the flow and as is supposed by
Icelandic experts by the high permeability of sedimentary interbeds
between flows. We came across such foundations during the design
work for the dam on the Razdan river (Armenia). At the first stages
of the design work for Arzninskaya power plant we apprehended consider-
able leakage and piping through intercalations between lava flows
composed of sedimentary materials and scoria. However the more detai-
led investigations and studles proved them to be several times less
permeable than lava. Thus it was posslble to lessen the depth of the
grout curtain carrying it down to the first interbed between flows.
The ten year exploitation experience and observations confirmed the
rightness of the solutlon on anti-leakage foundation protection of
the Armenilan hydro-power plant. Thus it might be expected that in
this case anti—leakage\curtain on lava sectilon may turn out to be
rather small. ‘ ‘

When selecting the method of cutting down horizontal leakage
paths they are always\apprehensive of considerable cement inJection
expenditures and of the curtailn to be costly and make a solution in
deslgn to cut down a wall cut-off. But as a rule grouting 1s adopted
later on but not the wall cut-off. If to take the permeability of
lava at the area equal to several hundreds of ‘Lugeons’ then on the
basis of grouting experience in simlilar conditions it might be sup-
posed that expenditure of concrete would not exceed 200 kilogramms
per running meter at approximately the same expenditure of clay
being constituent of grouting mixture.
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It should be taken into account for foundation treatment that
the uppermost lava layer sealed by small-size wind~blown and water-
=driven materlals 1is of low permeability. It should be left as it 1s.

It should be noted when workilng out antl-leakage measures that
lava 1s plping resistant. The measures should be taken to prevent
the stripping off the upper layer during construction.

As the experience shows the further investigations reveal worse
quality of foundations than was thought at the preliminary stages
therefore we deemed 1t necessary to envisage grout curtain in the
dam’s foundation on the Kaldakvisl river as well as on the Thorisos
river.

At the above-stated preconditions the estimated volumes of main
works for the dams are as follow:

Kaldakvisl dam (water storage elevation 576 meters)

-excavation of moraine- 32,000 cu.m.
-rock-fill- 155,000 cu.m.
~-cOore- 25,000 cu.m.
~-filters~ 41,000 cu.m.
-grout curtain- 250 tons of cement.
Thorisos dam (water storage elevation 571)
-excavation of moraine- 15,600 cu.m.
-excavation of rock- 30,000 cu.m.
-rock-fill- 48,000 cu.m.
-core- 9,000 cu.m.
~-fillters- 14,000 cu.m.

-concrete and rein-
forced concrete of the

spillway and canal’s sluilce- 7,230 cu.m.
-grout curtain- 550 tons of cement
gates and hoisting gears- 42 tons.

Considering that the whole volume of rock and moraine excavations

from the diversion canal would be used 1n construction of both dams
the estimated cost would be 1.43 mil$.
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In view of the advisabillity to ralse the Thorisvatn lake 's water
level we considered the possibility of bullding Thorisos dam up to
elevatlion 579 meters. The feature 1s aimed to obtaln more proportion-
al energy production at the Burfell power plant. In thils case the
both water storages would have the same elevatlon 579 meters and the
regulating sluilce won’t be required.

Since the volume of work for the Thorisos dam would increase the
estimated cost of the two dams would be 1.92 mil$.

A certaln raising of the Kaldakvisl water storage level will be
required for creating plezometric gradient at the dilversion canal.
Hydraulic investigatlons can clarify with the flgures of this raising.
But at the relatively small length of the canal raising by one meter
would probably be sufficlent. Then Kaldakvisl dam would cost approxi-
mately 0.3 mil$ more.
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XII. TUNGNAARKROKUR DAM.

The project 1s located on the Tungnaa river which 1s the largest
tributary of the ThJorsa river. The dam slte locatlon was selected
slightly upstream from the gorge where river level is 460 meters.
Upstream from the dam site there 1s a broad overflow covered with
clay testifying to the existance of the ancient lake here. The river
flows on palagonite rocks forming also the steep right bank.

The left bank rocks are represented by several lave flows and con-
sequently the bank 1s very steep. When nearing the riverbed the thick-
ness of lava 1s lessening on account of the higher lyling of palagonite
roof overlain by lava.

At the adopted for this project water storage elevation at 499
meters the dam’s height in the riverbed section would achieve 47
meters.

From the standpoint of geology and topography a concrete gravity
structure as well as rock-fill one are feasible here in view of using
rock from tunnels and canals excavations. A concrete structure at
such height would certainly be more costly than rock-fill one. There-
fore we chose the latter type of construction. The avallable data on
the construction materials at site though they are weakly investigated
8o far do not allow to hope on the locatlion of materlals sultable for
the core. Clay of lake deposits 1s too ‘fat’ to be sultable for these
purposes.

Thus we found 1t possilble to propose for thls dam site a fill type
construction with the reinforced concrete membrane. The membrane should
be an elastic one with gravel support. When speaking of the elasticity
we mean establishing not only of vertical Jjoints but horlzontal as
well with 1impermeable contractlions made of rubber.

As was the case with the recommended above rock-f111 dam with
the sloping ground core this type of construction makes possible to
carry out dumping of rock-fill independently of gravel treatment and
concrete membrane.

The proposed freeboard of 3 meters might possibly be lessened 1n
more detalled design work when constructing concrete wave standing.
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The cut-off with elastic Junction is envisaged in the dam’s foundation.
The depth of the cut-off 1n the riverbed section should be not less
than 2.5=3.0 meters. The grout curtain should be carried down under
the cut-off. At the sectlon where moberg floors the foundation the
curtain’s depth depends not only on the lessehing of permeability with
the depth but also on the kind of underlying rocks. It should be
strived at cutting down this curtaln into breccia formatlons 1if the
layer turns out to be connected with the water storage directly or
through another layer wilth high permeability.

In relatien to pipling the most dangerous might be sedimentary inter-
beds cropping out to the surface at the water storage zone. We think
it possible to apply two alternative types of grouting measures here.
The first one-carrying down the grout curtaln under the dam and the
second-dumping of lake clay at the dam’s sectlon where sedimentary
rocks outcropped to the surface. The length of such blanket can be
defined only after detalled foundation 1investigations and certain field
tests. In speaking of leakage through lava it should be noted in pro-
posing leakage-preventing measures to mind that allowance of conside-
rable gradlents 1s not dangerous for lava and certalin water loss du-
ring first stages of the period when water storage is full should les-
sen 1n the near future. The measures should be taken to protect ground
of the trench cut-off from the washing out of materlals at contact
zones. Compacted grout curtaln would be certalnly required under the
dam in lava close to the riverbed where the dam’s height would be
some 30-40 meters. Further at the dam’s section with small height
founded also on lava the grout curtain might be uncompacted or even
be substituted for the trench cut-off.

The spillway 1s located opn the right bank near the intake that
allows to discharge ice and sludge ice.

The spillway 1s calculated to pass high flow up to 500 cu.m./sec.
and 1s composed of two spans by 12 meters and the nearest to the
intake span 1s equipped with flap gate the other withngzggggagate.

At the dam top’s elevatlon 502 meters 1ts length 1s 900 meters.

The upstream slope is 1:1,4 downstream is 1:1.5



=43

The estimated volumes of main works for the dam are as follws:

-excavation of rock- 32,000 cu.m.
~rock=-fill- 300,000 cu.m.
-concrete. and reinforced

concrete- , 11,500 cu.m.
-grout curtain- 650 tons of cement
-gates and hoisting gears- 30 tons

The estimated dam cost is 1.83 mil$.
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The dam of this prciect would be located at a 3-4 kilometer distance
from the falling of the Kaldakvisl river into the Tungnaa river. Mr
Thoroddsen proposes in ~is Report (4) two rather suitable dam sites
with the left bank abutments at the same place i.e. on the northern
slope of the HrauneyJjafelli mountain. In both alternatives the dam
has the maximum helght and volumes that could have been obtained for
this proJject.

We have considered only one dam alternative at the lower site
where the dam has shorter length since the axes of these two dam
alternatives are located in a short distance from each other and the
difference in dam volumes evidently very slight. The river water ele-
vation here is 413 meters.

From the engineering-geological standpoint the foundation condition
are similar to that of the Tungnaarkrokur project. The conslderable
part of the dam would be on the left bank floored by several flows
of post-glacial lava some 40 meters thick. (3). Palagonite moberg
underlying 1t consists of pillow lava wlth interbedded sands and
gravel most of which appear compact. The Tungnaa river has at this
section two branches cut down thelr riverbed in the upper lava flow.
Near water s edge and farther on the right bank crops out the above-
mentioned palagonite rock. No investigations have been carried out
on the permeablility of lava, contact zones -and moberg.

There 1s ample amount of materials for rock-fill, and the aggre-
gate. Materlals sultable for core and filters of the rock-fill con-
struction were not found.

At the proposed for Hrauneyjafoss water storage elevation 425 me-
ters the average dam’s height won’t exceed 9 meters. Proceeding from
the above-sald we conslidered two dam alternatlves feaslble under these
conditlons i.e. rock-fill and concrete gravity structures.

The rock-fill construction for the sake of comparison was adopted
with the reinforced concrete membrane and slopes 1:1.4 and 1:1.5.

The concrete construction with downstieam edge slope 1:0.75. Buttresses
are coming over thils edge and serve as spans for the road bridge.
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The dam volumes were estimated for cross section on the basls of
1:5,000 topographic map. The estimated costs of the two dam alterna-
tives are practically the same-about 2.5 mil$. We recommended for
this project a concrete gravity structure as more preferable taking
into account that a concrete spillway will be at the dam’s site which
will be dwelt on later.

The foundation treatment would consist of stripping off the upper
bubble lava layer that was taken for our estimates as being one meter
thick. Furthermore it would be necessary to excavate lava for cutting
down the dam’s cut-off near the face edge. The grout curtain under
the total dam’s length probably would not be required in view of the
small height of the dam. However 1t would certalnly be necessary in
the riverbed and adjolning sectilons to eliminate the possiblility of
leakage along short paths mainly through contact layers and lava.
When carried down into lava the grout curtain might not be compact
but in cases contact layers would appear apt to washing out the
deepening of the curtaln would be required down to the point where
control water absorption is equal to 0.05-0.10 liters/min.

The depth, the length, number of rows etc. might be definitely
established only after testling or during the construction.

But as was sald in connection with other projects contact layers
somitimes turn out to be less permeable than lava. In this case the
curtain may be carried down only to contact layers as 1t 1s often
done in practice.

For estimating costs of anti-leakage foundation-protective mea-
sures we adopted grout curtain with the following characteristics:
the left bank section extends (riverbed included) 1400 meters; average
curtalns depth roughly equals the thickness of the upper lava flow
i.e. 10 meters; distance between boreholes-3 meters; cement expendi-
ture~275 killogramms per running meter of boreholes.

The right bank curtain is double-row, 250 meters long, average
depth 18 8 meters, boreholes at a 3-meter distance, cement expendi-
ture-200 kilogramms pér running meter.

The spillway might be located elther in the riverbed or on the
right bank near the power plant ‘s intake that would be more reasonable
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from the operation standpoint. However relatively considerable water
discharges that should be diverted during the construction period
would probably stipulate the divisilon of the spillway into two parts
each one of which would be located in the branches. At the same time
the power plant ‘s intake should be located possibly close to the spill-
way of the right branch. Therefore we found it possible to adopt the
latter alternative and to divide the spillway consisted of two spans
by 15 meters into two parts as was Jjust stated. The spillway ‘s tainter
gates are 5 meters high. Both spans are capable to pass the design
flow up to 1500 cu.md/sec. at normal water storage elevation. The
spillway nearest to the intake might be equipped with taintor gate
with flap or with fish-belly gate for passing ice.

To divert waters of one branch into another during the construction
of spillway’s piers the diversion canal would be required.

This canal might be used at the second stage of construction

for diverting the left branch in the riverbed of the right one for
passing the whole river flow between the pilers of the lincompletely
built spillway.

Estimated volumes of the main works for the dam are the following:

excavation -of rock from the foundation- 8,000 cu.m.
concrete of dam and spillway- 67,500 cu.m.
grout curtailn- 1500 tons of cement
gates and hoilstlng gears- 109 tons

Estimated dam cost with spillway is 2.6 mil$.
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XIV. BUDARHALS DAM.

It 1s planned to locate the Budarhals power plant on the Tungnaa
river in 7.5 kilometers upstream from 1ts confluence with the ThJjorsa
river where river elevation is 306 meters. The left bank as it 1is the
case for the desligned projects on the Tungnaa river 1s flat and formed
by young basalt lava flows. The right bank 1s steep and composed of
palogonite formations mainly of pillow lava that in Mr. Nicol s opi-
nion (3) might be rather tight. Ground moraine layer 5 meters thick
1s reported on this bank. The considerable part of a dam would be
founded on the flat left bank where there are no sedimentary deposits
and the surface layer 1-2 meters thick 1s a scorilaceous lava layer.
Rocks in the riverbed sectlon can be Jjudged on the basis of the map
contalned in Mr. KJjartansson’s Report (5) where it is shown that pala-
gonite rocks of the right bank floor the Pflverbed.

The construction materlals for the dam linclude basalt excavated
from tunnels and the spillway’s bottom trench with canals and also
moraine suitable for the impervious core according to Mr. Nicol ‘s
Report.

At the water storage elevation establlished for this dam at 325
meters the maximum dam height would be 24 meters. Taking into account
that the volume of basalt excavated from the tunnel and canals would
be sufficient for rock-flll construction and the availlabllity of mo-
raine suitable for the core we think this type would be the most rea-
sonable. The spillway at least part of its spans would be located in
the riverbed. Therefore the ground core of the dam should be vertical
or slightly sloping.

Slopes at the preliminary stage of design work mlght be taken
roughly as the upstream 1:1.7, the downstream 1:1.6. The total dam
length 1s 680 meters. The Junction of the dam with the foundation on
the left bank might be carried out by construction the trench cut-off
only cutting down the upper layer of scoriaceous lava, Other measures
ailmed at lowering the pressure gradilent might not be required if
sedimentary materials won 't be found later in the foundation.
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In view of the small dam’s height scorlaceous lava might ‘'nt be strie
pped off from the rock-fill dumping area.

- It would be advisable to strip off moralne in the dam foundatilon
in case 1ts layer does not exceed one meter. However it won 't be rea-
sonable if the thickness 1s mach greater. The inverted filter should
be placed at the contact zone with the rock-fill to prevent possible
washlng out of moraine.

The spillway adopted by us for estimating volumes of work is cal-
culated to pass flow up to 2500 cu.m./sec. It is composed of seven
spans by 15 meters and tainter gates 5 meters high. Its best locatilon
from topographic standpolnt would be on the left bank since the vo=-
lume of the required excavation would be less here than on the right
bank. However from the operation standpoint in case the power plant’s
intake 1s located on the right bank 1t would be bettér.to place the
splllway there close directly to the intake.

The compromise solution would be the location of the part of spilll-
ways spans at right bank’s high elevations and the other part in the
riverbed sectlon. The number of spans to be located in the riverbed
sectlon would be defined by the conditions of passing construction
flow after damming the river.

We suppose that this solution would be the most economic and pro-
bably the 1nevitab1e.oné since there won 't be any possibility to dd-
vert the river at thils section durlng construction period through
the tunnel at moderate costs. However the proposed constructlon lay-
out would require the widening'of the riverbed by shearing the left
bank to secure the allowable limits of the riverbed narrowing by
abutments. Nevertheless the total volume of excavations should be
less than 1if the whole spillway is located 1n the riverbed section
or on one of the banks. Bottom openings should be envisaged in spans’
sllls for washing the storage.

The above-mentioned grout curtain in this case should be extended
under the foot of the whole splllway and partly under the length of
the right rock-fill dam’s abutment with the Jjunction with its core.
To estlmate roughly grouting costs the length of the curtain was
adopted to be 400 meters.
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The permeability of lava and palagonite was consldered to be the
same. The curtalin is single-row with a 2.5 meters distance between

borehole‘énd the cement expenditure about 200 kilogramms per funning

meter of a borehole.

All the above-stated measures are proceeding from lessening of
filtration loss through the foundatlon after short period of operation
of the water storage on account of the sealing of foundation.

Volumes of work for the dam with the spillway and spillway’s
canal excavations included estimated as the followilng:

-excavation of moraine-

-excavation of rock-

~rock-f1ill

-core-

-filters-

~-concrete for spillway-

-grout curtain-

-dates and holsting gears-
Estimated dam cost-1.7 mil$.

24,000 cu.m.
325,000 cu.m.
164,000 cu.m.

33,000 cu.m.

37,000 cu.m.

22,000 cu.m.

320 tons of cement

58 tons
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XV. SOME_ASPECTS_OF THE ROCK-FILL DAMS_ CONSTRUCTION

This chapter covers some aspects of the site organizatlion to avoid
repeating them each time since they are of general character for all
or at least for the part of the abovesconsidered dams.

The height of all dams in the Hvita and Thjorsa river basins is
small and in fact almost any kind of volecanic rocks can be used for
dam construction. The exception might be conglomerates of palagonite
series that would require considerable expenditures on thelir treat-
ment.

It is well known that the sdze of stone all other conditilons being
similar depends on the method of its excavation. For the most of the
dams the stone would be excavated from tunnels with an area of 5O—m2
section (profile) and would contain great amount of small-size stones.
The rock for dams with ground central or vertical core might be trans-
ported for dumping on the dam without any preliminary treatment.

The thickness of 1ifts which usualy increases with the size of
stone for the greater part of the considered dams would probably be
rather small. In case of dumping the rock excavated from canals by
quarry method only it might be dumped on dams at its full height or
in two storeys. _

When dumping the rock on dam sections up to 15 meters high the
compaction by transport means only might be sufficient with the slui-
cing wlth water using hydromonitors. The lower dam storeys where thelr
height would exceed 20-25 meters and when small-size stone would be
used additional compaction might take place by rollers and vibrators.
These means might be used 1n dam construction during the winter sea-
son when the sluicing would be impossible.

These detalls can be cleared out only during the constructlion pe-
riod after stone-size tests of the rock excavated by the methods which
would be used in actual dam construction and after experimental dum-
ping of the rock on the fill.

The greatest difficulties might be expected in obtaining the requi-
red compaction of the core of moraine. This material as a rule has
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restricted moisture limits up to which it can be compacted to the
greater value of its volume-weight. Numerous experiments on moraine

of the Kola Peninsula when constructing power plants on the Niva ri-
ver in the U.S.S.R. proved that the morailne molsture interval allowing
to obtain the greatest volume-weight ranges from 5 up to 8%. When it
achieves 10-12% moraine transforms into floating earth that is abso-
lutely impossible to compact. It 1s evldent that the material was of
the disturbed structure and boulders oversizing 100 mm were seperated.
In natural conditions moraine ‘s moisture usually exceeds the optimum
one. That is why the fill of sufficlent compactness can not be created
without drying the moraine prior to its compacting. It mightn!’t always
be possible to carry out in areas With‘heavy predipitation. During
recent years placing of moraine is performed by one-meter thick lifts
wlthout seperating of boulders. It is compacted malnly by smooth vi-
brating rollers. The number of passes 1is defined through the tests.
The volume-welght required by the design serves as the criterium in
this éase. The loess deposits are used as well for the impervious
elements of the rock-fill dams 1in the ThJjorsa river basin. The loess
being devold of the above-mentioned disadvantage can be used at a
greater range of 1ts moisture.

In view of difficgulties in placing of moralne in the conditions
of damp climate the hydrauldc method of moraine compaction is being
applied on a wilde scale beginning from 1948. Moraine can be placed
in any weather when this method is applied eveh at 15-20 degrees
below zero. The quality of the fill made according to this method as
1s proved by 15 years experience of operation and tests is quilte good.

The most recent project where thls method was applled was the ri-
verbed sectlion of the Upper-Tulom power plant ‘s earth dam built by
Finnlsh and Soviet engineers on the Tulom river in the period of 1962-
1964,

The maln features of this method 1s dumping of materials into still
water of ponds, created by cofferdams (for the lower storey) and by
dikes (for upper storeys). When dumping materials in storeys located
higher river than elevation the water is pumped into those ponds.

The storey height was some 3-4 meters for the first dams and 12.5
meters 1n case of the Upper-Tulom dam. Fencing dikes are built not
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up to the full storey ‘s height but buillt upon as the fill works pro-
ceed and 1ts height 1increases.

The upper part of dikes as a rule is higher some 0.5-0.7 m. than
the pond water elevation. Materials are dumped by tip~up lorries on
the slope formed by the previously dumped rock. Moraine 1s not sorted
out before being loaded on those lorries seperating only those boul-
ders that oversize excavator’s scoop. The dumping is usually carried
out by 1lifts being parallel to the dam’s axis the width of lifts
being some 10-15 meters. The water squeezed out by the dumping is
diverted through the 8«10-inch pipe.

When dumping cloddy moraine into water it becomes loosened with
particles of smaller size. The preliminary compaction is performed
by tip-up lorries and bulldozers when the material 1s dumped into
water. The railsing of the fill over the pond water level is more
frequently adopted at 0.5 meter and is defined by avoiding the sinkilng
of trucks ‘wheels into the water.

The similar method has been used in dumplng the core and membrane
of some other rock-fill dams in the U.S.S.R. (e.g. Iriklinskaya power
plant “s membrane).

- We consider this method of placiﬁg morailne in the core of rock-
fill dams as sultable for Icelandic conditions.

The dumping of moraine into water might consilderably simplify the
construction works when building the riverbed sections of the rock-
fill dams. The simplification would include the avoidance of the grout
curtain under the riverbed section of a dam as well as the drainage
of the foundation trench 1in case the lower storey 1s carried out by
this method. The bouldery cloak covering the river bottom was not
stripped off 1n the construction of several dams by dumping materials
into water. The moraine fill as the explorations showed has better
contact with the uneven foundation then moraine dumped by dry method.
The filling in of the bouldery layer with moraine flattens the dam’s
foundation after the storage is full.

Some possible riverbed section designs of the rock-fill dam are
shown on the drawlngs attached to the Report.
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In this case the materials are dumped into still water and upper
and lower benches are constructed in the riverbed for thls purpose.
The lower bench is always included in the dam’s body while the upper
one lncreases the leakage path and might be slightly seperated. The
distance between the cofferdam and the dam’s upstieam slope 1s filled
in with moraine dumped into water.

The same drawing shows the core construction by ‘wet ‘method.

As can be seen the proposed method of the vertical core dumping
means the simultaneous dumping of the rock-fill by horizontal 1ifts
of rather small thickness that 1s inevitable as well with the ’dry method
of the vertical core dumping.

In case of the sloping core the two dumpings can be carried out
independently of each other by ‘dry’ as well as by ‘wet’ method.

The use of the above-described method of constructing of dams or
their impervious cores of moralne at all the Soviet projects proved
to be economlically Justifled and was stipulated by climatic and
weather conditions. |

Other general aspects of the site organization in rock-fill dam
construction in the Hvita and Thjorsa river basins we haven 't dwelt
upon to shorten the volume of the report as well as 1in view that they
are extensively covered in the western technical books ana periodl-
cals.
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XVI. CONCLUSIONS.

s S G s e San e G G b et

The present Report gives consideration to the conditions of dam
construction, outlines the argumented recommendations on types of dams
and defines volumes of main works as well as estimates costs of the two
projects on the Hvita river and of the ten projects on the Thjorsa
river and its tributariles. Furthermore the dam foundation protective
measures and those aimed at diminishing water loss on account of lea-
kage through the foundatlion rocks are proposed herewith as far as it
was possible on the basls of geology exploration data avallable at
the time of writing this Report. '

When selecting the dam alternatives the due consideration was gi-
ven to the peculiar project’s conditions as well as construction con-
ditions of bullding the dam structure itself and to general aspects
of the site organization for the appurtenant features closely related
to the dam.

The maximum heights of the consildered 12 projects range from 13
up to 44 meters. The greater part of these dams would be built at
the diversion type power plants with penstocks. All the tunnels would
be in the rock. The spilllways with head and tailrace canals located
at dams would be also founded on the rock.

The Report gilves the reasoning on the sultability of rock-fill
structures for the majority of dam sites. The rock~fill dam struc-
ture with the ground sloping core responds to the greater extent to
the natural conditions of Iceland that were covered in the first chap-
ter of our Report. In case the slope of the downstream edge of such
a core equals the angle of the rock-fill’s natural slope the latter
might be carried out independently of the ground core dumping. It
enables to perform the stone dumping under any weather conditions
while the core and fillters are belng dumped under the most favourable
conditions when the greatest fill compaction might be obtalned.

However in cases where the spillway is siltuated within the dam’s
length dividing it into two parts dam with the central core type was
recommended. Such dam construction is desirable when it secures better
Junction of the dam with the concrete of the spillway. The dam construc-
tions with vertical cores were found to be more economical than those
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with the sloping core that require the flattening of the upstream
slope and greater amounts of materials though the former are less
sultable for natural and construction conditions of Iceland.

Moraine might be used for the core material as well as loess avai-
lable in the vicinity of dam sites.

In the exceptional cases when sultable local construction materials
for the core and filters haven’t been found the rock-fill construction
wlth the reinforced concrete membrane was recommended (the Tungnaar-
krokur dam) the type that meets the selsmic requirements of Iceland.

The HrauneyJjafoss dam with the top s height of 10 meters as the
compared estimates showed would have the same price for the concrete
gravity alternative as well as for the rock-~fill one. Because of some
considerations of the construction nature the preference was granted
to the concrete gravity alternative the more so 1in view that the geo-
logy of the foundation 1is quite satisfactory for this type of struc-
ture.

At the majority of the considered dam sites the foundations are
on volcanic rocks. However in some cases the bank abutments would be
founded on glaclial moraine when its thilckness 1is considerable. 014
basalt flows are of low permeability and the leakage-preventive mea-
sures are alilmed at not allowing to wash out sedimentary materials
from joints. Such rocks as a rule crop out in the riverbed gorges
cut down by the river stream.

The grout curtain construction cutting it down to the in fact im-
permeable rock for the gilven head on the dam was recommended to lessen
the pressure gradlents. The degree of the rock permeability is de-
fined through specific water absorption tests. It is not recommended
to use alongwith the permeability criteria proposed some tens of
years ago by Lugeon since 1t results I1In the unJustified increase
of grout curtains costs. In the Soviet construction practice this
criterium for the dams up to 50 meters equals 0.05-0.1 litre/min
(0.01 litre per min. according to Lugeon).

Almost all the dams on the Thjorsa and Tungnaa rivers would have
foundations on post-glaclal basalt lava. The rock 1s sufflciently
firm and piping-resistant but highly permeable. The leakage-preventive
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measures are aimed at the compaction of the rock to diminish the
water loss which might be rather considerable after the head is
created. The construction of usual grout curtains might turn out to
be rather costly. However the Thjorsa river waters carry great amount
of sedimentary load that falling down in the riverbed creates the im-
permeable cover.

The Report recommends to take an advantage of this peculilarity of
the Thjorsa water passage. The results of the field exploratory work
carried out by H. Tomasson,the Icelandic geologilst, testify to the
reality of the supposition that in some may be very short period of
time dam foundations on lava would get sealed. Nevertheless incompact
single~row grout curtains should be enwisaged to prevent through
washing out of sedimentary deposits.

The main part of the rock-fill would be carried out in stone exca-~
vated from the borrowepits without any sorting out. The technology
of dam construction would depend greatly on the size of the stone.

It might be expected that the stone from tunnels would not be large-
-size and its dumping should be performed in lifts of small thickness.
However the stone from canals excavated using the quarry method is
expected to be of large slze and the dumping in pretty thick lifts
would be advisable might be even up to the full dam’s height. In

both cases the required compaction of the rock-fill might be obtained
only by the sluicing with water and using the transportation means.
The additional compaction would be needed only at the core and fil-
ters adjacent zones where dumping in 1ifts 2-meters thick is compul-
sory.

For some dams (e.g. the Hvitarvatn dam) the amount of stone ex-
cavated from borrow-plts won 't be enough. The needed rock would have
to be excagvated from special quarries. However some alluvial deposits
might be found within the reasonable distance and their excavatilon
would certainly be cheaper than that of the rock and even of the mo-
raine. That is why 1t 1s recommended to use this material for dumping
into the central part of the dam as was the case with the Holjes dam
constructed in Sweden.,

Some difficulties might arise when dumping moraine into the dam’s
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core because of the relatively heavy precipltation in Iceland. As was
already mentioned above the main dam type wilth the sloping core con-
tributes to a certain degree to overcoming of these difficulties.
Nevertheless some of these difficulties are caused by the fact that
moraine moisture in natural conditions considerably exceeds the op-
timum and its compaction even under dry conditions would not give the
desired effect. The Report contains the recommendations on the so-cal-
led ‘wet” method of moraine placement extensively used in the U.S.S.R.
Furthermore this method is proposed for the lower storeys of the dams’
riverbed sections that allows not to construct any grout curtains at
these sectlions and to do away with the dralnage of the bottom trench
between cofferdams. The recommendatlon 1is accompanied with drawings
attached to the Report’s appendices.

All the main dam characteristics as well as estimated volumes of
work and costs of the considered dams are represented in tables also
included in the Jjust-mentioned appendices.
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APPENDICES.

UNIT COSTS.

HVITARVATN DAM PLAN.

HVITARVATN DAM SECTION.

GULLFOSS DAM PLAN AND SECTION.

NORDLINGAALDA DAM PLAN AND SECTION.

HVANNGILJAFOSS DAM PLAN AND SECTION.

DYNKUR DAM PLAN AND SECTION.

SULTARTANGI DAM PLAN AND SECTION.

URRIDAFOSS DAM PLAN AND SECTION.

LOCATION OF DAMS ON KALDAKVISL AND THORISOS RIVERS,
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DAMS WITH IMPERVIOUS ELEMENTS OF MORAINE DUMPED IN WATER.
HVITA AND THJORSA RIVER DAMS PROJECT DATA.

THJORSA AND TUNGNAA RIVER DAMS PROJECT DATA.
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10.

11,

12.

UNIT COSTS

Appendix I

used in cost estimates of dam alternatives.

Rock excavation from quarry by blasting, haul
distance 1 km, cost per m3 -

Moraine excavation, transportation to construc-

3

tion site, compaction etc., cost per m -

. Filters excavation and transportation to con-

3 of

struction site of one m
-natural mixture-

-processed mixture-

. Rock excavation from canals by blasting, haul

distance 1 km, cost pér m3 -

3

. Moralne excavation from canals, cost per m” -
. Excavation of loose materials from canals,

cost per mo - '

3

loosenling, haul distance 1 km, cost per m -

Excavation of loose materials from narrow founda-

tion trenches, haul distance 1 km, cost per m
Steel structures

penstocks, cost per ton -

gates, cost per ton -

hoisting gears and other appurte-
nant equlpment -

Concrete works
-concrete mixture, cost per m3-
~-forms, cost per mj-
Fitting
-in rods, cost per ton-
-cutting, welding ef¢., cost per ton-

-welded fitting in structure, cost per ton-

Foundation treatment, cement, cost per kg -

L

3.2$
2-3$
6-7%

b
1.5$

. Excavation of rock from narrow foundation trenches,

10%

3$

600%
8004

30% of the
gates cost

2
h.7$

170$

75%

24s5$
0.10-0.15$
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Appendix 7

Scale O 200 400 meters
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THE STATE ELECTRICITY AUTHORITY,
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THE STATE ELECTRICITY AUTHORITY,

UNITED NATIONS SPECIAL FUND,
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