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SUMMARY LETTER

The State Electricity Authority
P, O, Box 40
Reykjavik, Iceland

Gentlemen:

We have completed our review of the Hestvatn Project as
developed by Mr, Sigurdur Thoroddsen and presented in his
Project Plan Report. Our results are presented in the Text,
Appendixes, and Exhibits which follow.

We have commented upon the overall aspects of the development
as well as on the design of its various elements, Alternative
designs have been suggested where considered appropriate, and
are shown in a general manner in the Exhibits. The Project data
given in "Appendix A" refers to the design as modified by us.

Our review of the project cost is presented in the form of an inde-
pendent estimate, details of which are given in "Appendix B, "

Much of the basic information required for the estimate was provided
in your letter dated August 28, 1961, A copy of this letter is
attached as ""Appendix C, "

A summary of our findings is given in the introduction at the
beginning of the text., The total project cost is estimated by us
at $15, 400, 000 or equivalent to about 660 million Icelandic Kroners
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as compared to 655 million Kroners in the Project Plan Report.
The close agreement is to some extent a coincidence because
some individual items of cost show significant differences.

Preliminary estimates indicate that about 200 million kilowatt-hours
of primary energy could be delivered annually to the existing system.,
Secondary energy would average about 40 million kilowatt-hours
annually,

The estimated unit cost of firm energy is presented graphically on
Exhibit 2 for a wide range of financing terms. We estimate that

the cost of primary energy from the project will be from five to
seven U, S, mills per kilowatt hour or 0,20 to 0, 30 Icelandic Kroners
for the most common range of interest rates.

The studies that we have carried out in conjunction with this review
has been of great interest to us., We would like to compliment your
staff and Mr. Thoroddsen on the thorough and comprehensive
manner in which the potential of this resource has been investigated
and studied, We will be glad to advise on any additional engineering
work that you may wish to have accomplished.

Very truly yours,

Vice Prosident



HESTVATH PROJECT

A REVILY

INTRODUCTION

This report preseats a review of the general desigm end cost
estimate for the Ilestvatn Project on the livita River as developed by
Sigurdur Thoroddsen, ond precented in his Prbject Plan Report. The
project layout adopted is basically as outlined in our Advisory Report
on the Hydro-electric Power [esources of the ivita and Thjorss Rivers,
dated March 1950. It consists of the followingz elements:

1. A spillwvay weir on the Hvita River east of Hestfjall.

2. A diversion canal between the Hvita and Leke Hestvatn in the

vicinity of the preseant outlet channel.

3. A headrace cenal extending from the southwest end of the lake

through the low saddle to the powerhouse, and

L. A powerhouse end eppurtenances located on the right benk of the

Hvita near the mouth of the Hlaupandi.

A 138 kilovolt transmission line from the powerhouse to the Ellidsor
substation near Reykjavik has also been included in the cost estimate.

The project will develop about 15 meters of natural fall of the river
between the diversion dam end the teilrace outlet. By raising the head-
woter about 2.5 meters to elevation 50.5 the total gross head developed

will be about 17.5 meters.



It hes been estimoted that the projeet will deliver from the unregulated
river flow gbout 200 nmillion kilowbtthours of firm cuorgy as aa addition
to the existing power systom in Southuest Iecland. CEccondary en2rgy on
the order of 40 million kilowatthours could be produced anmolly on en
averaze basis.

The dependable peaking capability wos congideored s 37,000 kilowatts
from two initial units. The design provides for 2dding a third uanit at
& future time vhen the nminimua river flow is incrcazed by secsonal

storage reservoirs. Ve have estimated the cost of the project to be as

follows:
Productinn Plant $ 9,54k,000
Transuission Plont 1,915,000
Continzeacies end Oaissions 1,742,000
Engineering and Supervision 1,050,000
Interest During Construction 1,150,000
Total Project Investment $15, 400,000

This compares with the Project Plan Report estiuate of 580,000,000 Icelandic
Kroners or sbout $15,300,000 based on the exchengze rate of 38 Kroners to
one U.S. dollar used in the report. The two estimates are, therefore, very
close with respect to total cost. There are, however, significant differ-
ences in individual cost items arising from modifications in the design as
well as in the unit prices of work and cost of equipment.

The requiremeat of foreign currency is estimnted at the equivalent of
$10,000,000. The expenditure of local currency will be sbout 230,000,000
Kroners besed on the rate of exchonge of 43 Kroners to one U.S. doller

used in this reviev.



Of this enount less thoa one-hnlf represeass the cost of local labor and
materiel vhereas the reaninder, equivalent to aboud 3,000,000 is for
duties end taxes on iuporied equipsient ead woteriol.

Cur estimote is esseatiolly of va cnsucisal noture ained to cstoblish
the geuneral level of cost thot will sexve ¢s 2 bosis for policy decisions
on actual cevelopuent. The plen preseated is coasidered as technically
feasible cnd adt involving cny cerious constraction or oparatioa problens.

A few nlnoy wddificebions to the desisn es pres:asted in the Project Plan
Report are proposed; bubt these modificotions huve not affected the total
cost estiuwte to eny siznificcat degree. Certain design aspects, notably
those related to sedinentobion problews in the rescrvoir, would need
edditional field imvesbigebion end study, possibly suppleuented by model
tests. Ve are couvinced, howvever, that these proble:ns can be satisfactorily
solved as has been demoustrated et msny existing projects of similar type
that has been constructed on rivers of much higher sediment load thaa the
Hvita.

The finasncing terms that can be obtained for the Hestvaetn Project is
not known at the present time. For this reason, we chose' to present the
anmial charges s & function of the interest rate and for amortization periods
of 25 and 40 years, respectively. ‘The results ere shovn graphically on
Exhibit 1. On Exhibit 2 is indiceted the cost of energy per kilowatthour
estinated on the basis of the firm energy estimate of 200 nillion kilowvatthours
production ennually. For most common f£innunelng terms the cost of energy
would renge from five to seven nills* per kilovatthour of firm energy.

A tabulation of significout projeet data 1g included iun Appendix A.

* One mill = $0.001.



BASIC DATA
Tais review wus esscatinlly besed on inforantion contained in the

following English translotions of reports on the Iegtvata IIydro-electric

Project:
1. Project Flon Dopord by Sisurdur Thoroddson, doted Juse 1961.
2. Iydrological Deport by Sisurjon Rish dated July 1661.
3. Ceologicoel Dedort by Inuwlmr Touarssom dated Juns 1951,
ho Pouer Studics by Juecod Bjorasson, datod Jaly 10561,
Cther information used consigted of wooosrephic and hydrographiic meps,
acrial photographs, bore hole logs, end results of permeability testing of

the rock iu the powcrhouse ores of presented ia our report dated December 1500,
Begic infornstion pertinent to estinutes of costs such as labor rates,
ost of moterial, toxes and duatics to be included in the esbimabe wore
compiled by the Stote Llectricity Muthority snd transuitied to us by letter

deted August 28, 1661. A copy of this letter is incluis? &s Appendix C.
i

ENGINEERING FEATURE

Regervoir. Ve hove tentatively selocted elevation 50.5 meters os the
normal operating level of the rescrvoir. This is one meter higher than
gssued in the Projeoet Flan Toport and may couse some additionsl rise in
groundvater levels under the lov and flat grazing lead along the left benk of
the Hvite River. A large portion of the lond is preseatly drained by Bauluas and
other snall creeks into the livita River vhich, during noruel flows of less
than 500 kiloliters per sccond, 18 two to three meters below the lond surface.
When the flow reaches @ nasnitude of about 1000 kiloliters per sscond the

land becomes partially flooded.
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during floods of 1002 kiloliters par second or hislcr. Forb o

water flows in thal case soulh thawou - ¢loisls ool of $he roda river.

The spilluoy vould Lo {osinued in suek
hydraulic efficicncy of the wnin river chomiel. fhe flood loevels vould
therefore not be incresszd by the operebicn of the rescrvoir. In foct s the
levels could be slishitly lover becruss port of the weter would be diverted
throusy the poverhouse.

ihe yelationship betucen the grounivater level end a given normal

rescrvolr elevation canmot be predicted with certainty. Port of the

water vhich is now drained inbo the Hwits through Pauluss could £3ind its
way southiward end back into the Hvite downstresm of the dma. The droinage
path would, however, be several kilometers long so that considersble rise
in groundvwater may take ploce during heavy and/or prolonged rainfell. It is
possible that o diteh from Olavsvellir to the Hvita dowmstream of the dam
could provide adequete drainsge for the land surrounding that farm.

From the viewpoint of power development the reservoir level should be

a8 high as feasible because of the following advantages:

(a) Increased power and energy output.

(b) Iess excavation in the diversion chennel between the Hvite and
Hestvatn and in the headrace cenal between Hesbvabtn and the
powerhouse.

(¢) The entrance of the diversion eanal could be higher, wvhich would
reduce the possibiliby of bedload and sediment being carried

into the canal.



(d) Any problems essocioted with scdizentotion of the reservoir
would be roduced.

(e) The greoter depth and yoductd velocivy throw”

e

L e reoervoir
would improve the conditions with regowrd to ice probleums.

Based on judgeament of all factors involved ond on preliuiusry back-
vater studies it is our opinion at the prescabt tiae Thet the norual
reservoir level should be beticen elevebions 0.0 and 51.0. Elevation 59.5
was tentatively adoptad as the basis for the desisn of the hydraunlic
structures and for evaluation of the power output. The ton of the gales
at the spillway was, however, fixed at elevotion 51.0 so that the reservoir
could be raised to this level in the fubure, if feusible.

Our backwatexr studies show that the water surfece will be practically
horizontal at elevation 50.5 up to Hamrar for flows of 100 kiloliters per
second or less. At the mouth of Bruara, sgbout nine kilometers upstream of
the dam, the water surface was estimated at elevation 50.8 for a flow of
400 kiloliters per second. This would be about 0.5 meters higher than under
natural river conditions for the same flow.

Under natural conditions the river would be at elevation 50.5 at the
entrence to the diversion canal for a flow of about 900 kiloliters per
second. Since part of the f£low would be diverted through the diversion
cenel this level could actually be lowered with fully opened gates at the
dam.

On the essuwiption that 260 kiloliters per second is diverted through
Hestvatn and the powerhouse, our backwater computations indicate that
the spillway getes should be fully opened for total flows of sbout 1100

kiloliters per second.



The water level at the diversion canal would then be between elevations

50.5 and 51.0 or slightly below the natural level vhich is about 51.0

for 1100 kiloliters per second. For inflows between 260 and 1100 kiloliters
rexr second the spillway gates would be partially open in accordence with an
established "rule curve" determined in relation to a control point et the dam
or the diversion canal ox both.

The ebove discussion is based on the assumption that the hydraulic
characteristics of the reservoir would not change appreciebly after completion
of the project. It is likely, however, that some aggradation will take
place upstream of the dam until the river again reaches regime conditions.
The eggradation may tend to raise the water surface so that flooding of the
left bank may occur for lower flows than under the present natural regime.
Additionsl field data end backwater studies are needed to determine the
pagnitude of the rise in water levels. It is possible that the eggradation
cen be reduced or even eliminated by river canaligzation methods as will be
diacussed hereinafter in the section, "Diversion Canal.”

Compensationto the farmers for increased flooding end waterlogging of |
their land may be included eventuelly in the project cost. Buch compensation
could be srrenged in several ways es outlined in our letter report"Proposed
Program for Sediment Investigation, Hivta end Thjorsa Rivers, Iceland"
dated September 2, 1961.

Diversion Dam. Our suggested design for this structure is little

different from the one shown by Thoroddsen on drawing 5-2.1.01 and designated
"Pirst Dam Alternative." Twenty-five meter openings between the piers should
de adequete for passing sheet ice that may accumulate in front of the dam.



There appears to be no rcason for using roller gates instead of tainter
gates as the latter are less expensive and would probebly be more relisble
in operation. We agree that at least two of the five bays should be
provided with gates that can be lowerad to permit the passing of floating
ice without excessive use of water. The fisubelly flap gutes proposed are
well suited for this purpose and would probebly not cost more than the
tainter gates. In fact, the overall cost may be less because the piers
would be smaller. There may, however, be some problems associated with oper-
ation of the flap gates as & result of formation of ice downstream of the
gate and for this reason we do not recommend that all openings be provided
with this type of gate. Some heating of the pit into which the flap gate
is lowered may be necessary &s well as heating of all gate guides and seals.
The structurél design of the spillway &s shown in the FProject Plen
Report is considered to be conservative. A design as shown on Exhibit 3
is consildered satisfactory and will result in considerable savings in
excavation and concrete. The total volume of concrete is estimated at
13,000 cubic meters as compared with Thoroddsen's estimate of 22,500 cubic
meters. The top of the dam is at elevation 55.0 which should be entirely
gafe considering that the terrain on the left bank is at elevation 52.0 or
lowver. The splllway crest is at elevation 45.0 for the tainter gates and
et elevation 46.5 for the flap gates, or slightly below the present level
of the riverbed. The openings will have en area of 625 square meters to
elevation 51.0 as compared to ebout 710 square meters for the natural section.
Hydraulic model studies will be essentiasl in final design, in order to

verify the hydraulic adequacy.



The foundations for the dam should present no serious problems. Both
the Thjorsa lav;z end the polegonite tuff and breceia that underlie the
damsite will easily éupport the low structures contemplated. The contact
between the tuff and the lave may contein talus end will require careful
grouting in order to reduce scepage to permissible limits. Nominal curtain
grouting will be required elsevhere and should extend ebout 50 meters
beyond the left abutment of the dam. A grouting gallery underneath the dam
is not proposed.

It is our opininn that a fish ladder will be required on both sides of
the spillway as the fish may not be able to £ind the entrance to the ladder
on the opposite side when the spilluay is operating. The downsiream entrance
to the ladder should be located close to the spillway whereas the exit into
the headwaters should be brought to e point upstream where the flow velocities
would be sufficiently low &8 not to carry the fish back through the weir.

The total length of each ledder would, however, be epproximately as shown
in the Project Plan Report. It is probable that the hydraulic conditions
et the fishladder exit would be improved by placing a tainter gate at each
end of the spillway rather than all three on one side, because tainter gates
would give lower surface velocities under partial gate openings.

Diversion Cenal. On the basis of a careful study of all available

data we believe that the locetion of the canal should be approximately &s
shown by Thoroddsen for his Alternative 1. This route would require the
least emount of excavetion and would probebly be superior to any other

alignment &8 regards operation.



At the prescat time, however, the deep chommel of the Hvita River is near
the left bank vhercas the right side of the river is quite shallow as
8 result of sediment deposits. It is desircble that this condition be re-
versed in order to improve the entrunce conditions to the cemal. This may
be achieved by groins suitebly placed from the left bank of the river. The
groins will force the main flow towards the opposite bank and cause an
increase in the velocities. The resulting erosion will probably lower the
riverbed to egbout the same level as presently along the left bank, or
about elevation 47.0. The cenalization of the river should extend at least as far
upstrean as Hamrar snd quite possibly one or two kilometers farther. Hydraulie
model tests will be required in the final design to determine the best
location of the groins. For the purposes of this review we have assumed that &
totel of six groins, each sbout 500 meter long, will be required. The top of
the groins were assumed at elevation 51.0.

With canalization of the river as outlined we believe that the bottom
of the canal at the entrance should be between elevation 47.0 end 48.0.
Since the higher elevation will give the most conservative cost estimate,
elevation 48.0 was assumed for the purposes of this review. A profile of
the canal is showm pn Exhibit ls.- The canel is designed with & constant
slope down towards Hestvatn where the bottom will be at elevation 46.0. From
& width of sbout 250 meters at the entrance, the canal narrows to about 125
meters in the deeper section et the outlet into Hestvabtn. Dredging of the
leke at Vatnsnes will be required to provide adequate waterway into the
deeper parts of the lake.

-10-



Occasional dredging nay ©lso be necessary wien th2 project is in operation,

to ramve sedinent deposited by the divertad woter, bubt would not be e

lorze eleiont of cmmel cooin.

v S TN P

The veloelty off the conal for a flov of £00 kiloliters per sccond will
vary from 0.15 meters per sccond with the waber surface ot elevation 50.5
to about 0.65 meters per second with the vater surfoce ot elevation 49.5.
With these velocitices ea ice cover will probobly form durinz cold periods
and no gerious ice problems cre expected.

Field tests and further studies will be required to ensure thot the
canal will neither deprade nor oggrode over & pariod of time.

The canal throusgh most of its leungth will be exesvated in an organic
soll consisting of silty cloy with a surface netuork of motted roots end
grasses. The side slopes should be concervatively designed; we have assumed
four horizontal to one vertical. Excavation by dragline wili probzbly be
the most economical method. The excavated material should be placed at souwe
distance away from the conal and/or spread in a thin layer in order not to
endanger the stability of the canal embonlments beceuse of a surcherged load.

Teoxr Vabnsnes, the canecl will pass through deposits of gravel, gand, and
g8ilt that should cause no special problems. Lining of the.cenal is not
considered necessary with the low design veloclties assumed, but this essun-
ption must be verified in the final design.

The canal will be ebout 1100 moters long and will require about 725,000
cu’bic meters of excavation. In cddition, about 320,000 cubic meters rust
be removed by dredging in the Ivita riverbed ond in IHestvata newr Vatasnes.

The headloss in the canal will be nezligible.



Headrace Canal. Ve hove no comonts to maoke to the design of the
headrace canal as presented in the Project Plan Report, except that the
bottom of the canal could be raised sbout one meter as a result of the
higher headwater levels proposed by us. A profile and sections of the cansl
for reservolr elevation 50.5 is shown on Exhibit 5. For the maximum flow
of 390 kiloliters per second the velocity will be about 0.5 meter per second
where the canal section is excavated entirely in soil. This occurs at the
entrance near the shoreline of Hestvatn. The velocity will be sbout 1.5
meters per second where the hydrsulic section of the canel 1is entirely in
rock. The portion of the canal that will be in both materials, including a
transition section at the entrance, will have velocities between 0.5 and
1.5 meters per second. The average total headloss in the cenal is estimated
at about 0.3 meters for a flow of 390 kiloliters per second and at 0.15
meters for a flow of 260 kiloliters per second. The most economical cross-
section of the headrace channel should be determined eventually on the basis
of an economic snalysis vhich would compare the ‘Eotal value of the hydrsulic
logses end the esnnual costs for several alternative sections. The totsl
excavation in the neadrace canal is estimated at 400,000 cubic meters in soil
and 195,000 cubic meters in rock. Dredging in Hestvatn will emount to en
additionsl 120,000 cubic meters.

We do not envisage any 4ice problems in the headrace cenal regerdless of
vhether or not an ice cover will be formed. Becasuse of the great depth of the
canal it is unlikely that the water will be under-cooled sufficiently to form
large emounts of frazil ice. An effective ice boom et the _entrance as
proposed by Thoroddsen designed to prevent sheet ice from being carried into

the cenal would in our opinion make an ice sluice at the powerhouse inteke une

necessary.



Slush ice that may be formed in the canal could easily be passed thwugh
the turbines by removing the trashracks at the intake.

Intake, Powerhouse, and Tailrace. As suggested by Thoroddsen, the most

favorable locatlon of the powerhouse eppears to be somevhere between the

two sites selected for his Alternatives 1 and 2. In our study we heve

chosen & location ebout 75 melters downstream of Altermative 2 or ebout

200 meters from the 'right benk of the lvita River, as shown on Exhiibit 5.

In this location the retaining walls required to contain the forebay would
be not much higher than in Thoroddsen's Alternetive 2, whereas the amount

| of excavation would be reduced substantially. It moy also be feasible with

this location to eliminante the somevhat eloborate access errangement between

the switchyerd and the powerhouse shown for Alternative 2.

A section through & proposed arrangement of the intake, powerhouse and
tailrace is shown on Exhibit 6. The principal difference between this ley-
out &nd the one shown in the Project Flan Report is in the intake arrangement
vhere we propose to use.wheel gates ingtead of tainter getes. ‘mia' will
shorten the intake considerebly end will also permit the construction of a
center pier in each bay vhich will reduce the stresses greatly and thus the
amount of reinforcement required. The trashracks will be well below the
minirum operating level and will be wade removable. The intakes can be
eloged ~7f by & s‘bop oz errangement et the ncse of the plers.

As previously indicated, we do not believe that en ice outlet is needed.
For the third unit we propose therefore that & skeleton inteke bay be con-

structed initially.



The required stability could be provided by anchors into rock. The
stability could elso be improved by £illing the enclosed space under-
neath the inteke deck with rock as this space is not utilized for eny
other specific purpose.

The top of the intake is at elevation 54.5 vhich will provide one
meter of freeboard sbove the design flood level. This should be ample in
viev of the very wide escepe route the floodwater will have east of the
Diversion Dem at this level. The inteke deck will also serve as & road access
ecross the headrace. The gate hoists will be housed in a gatehouse that
mey be heated with air from the powerhouse.

The unit spacing of 16 meters eppears to be reasonable for the size of
units contemplated. The setting of the units could, however, be slightly
higher than indicated in the Project Plan Report for the tailwater conditions
assuned.

The erection bay erea shown in the Project Plan Report eppeers excessive
end could probably be reduced in the final design. The access shaft from
the switchyard could be evoided by locating the switchyard in the sone
relationship to the powerhouse es in Alternative 1. This will involve the
excavation of about 50,000 cubic meters, mostly soil, but the cost of this
work will be partly offset by improved foundetions for ell structures. We
have assuned in our estimate thet the switchyard end erection bey will be
in approximately the same relationship as in Thoroddsen's Alternative 1.

The general location of the fishledder as shown in the Plen Report, Alter-
native 2, is considered satisfactory except that the entrance to the ladder
should be closer to the powerhouse.



The ladder could be one of seversl proven designs; the size ead slope
indicated by Thoroddscn is probuobly satisfachory. At the exit into the
headwvater it will be ecesséry to providc e control weir that can regulate
the flow into the ladder foi' the entire rouse .of heodyoter elevotions. The
emount of veoter xfequired for the fishlodder showa in the Project Plon Report
is estimzted et ebout 0.7 kiloliters per secoa@ for normal tailvoter conditions.

Ve propose Lo mcke the tuilrace chamunel slightly shollover bub wider
than showm in the Project Flon Leport. Ve believe that this will improve
the hyéroulic efficiency on the basis of natural tailvoter conditions and
would also be more conveanlent from the construction viewvpoint, thus loss
costly.

Ve understend that it noy be possible to lower the toilwater levels
by blasting a rock burrier thot extends ceross the Hvite River e few hundred
maters dowasbres: of the pouvcrhouse site. This motter f‘kshould certoinly be
investizeted further, os the goin in hend may onhunce '8113 econonilcs of the
project. The dete aveileble et the proseat time ave however not sufficient
to form a besis for o considered opilaion. Ue hove therefore, for the purposes
of this review, made the essuption thot the sugnested tailvater ifuprove-
mente would not be fessible.

The inteke and porzrhouse will be locabad in the Kauber formation of
palogonite rock end besalt sills. Tae rock 1s eaineatly conpetent with
very low permsebility. A noninal emount of curtein groutipg will be required

to seol off fissures end Joints in the otherwise watertight rock.

TURBINES AND CENERATORS

The moximun operating heed on the twrbines will be sbout 18 meters end

the minimum gbout 15 meters.



Fixed-blade propeller turbines may therefore be advantezeous economically

if also the veriations in load would be limited. This may not be the case,

however, end at least one turbine should thercfore be of the Keplan type.

As only tvwo units will be installed in the initiel stoge, we recomuend that

both be of the lloplan type. The exbra cost of the Kaplen turbine, estimated at ebout
$80,000, would be partly offset by reduced engineering costs both mecheonical end
eivil. The overall efficiency would also be iuproved slightly. It is quite
possible, however, that the third unit to be vrdered and installed separately

at a later date could be & propeller turbine especially if the design of this

unit would be different from that of the initiel units.

The sizing of the units needs additimnal study. Based on Judgment end
evaluation of ell known factors we believe that the size adopted for the
Project Plen Report is reasonecble, but this opinion must be verified by
powver studies in the final design. BSuch power studies should compare several
elternative power installations. The power study reported by Jakob Bjormsson
for en essumed installation of 33,000 kilowatts was essentially for the purpose
of determining the epproximate level of firm energy production from two units
considered es an eddition to the existing power system. It was not for
the purpose of determining the optimum plent cepsacity, but rather for comper-
ison of the Hestvatn Project with other slternative sources of power. The
study was based on the natural water supply in the minimum year 1950-51 end
shows indirectly that somewhst smaller units then selected could be used
without reducing noticeably the emount of energy that could be delivered to
the system. However, such factors as future regulation of the natural river
flow, value of secondary energy, pecking capzbility end reserve capacity were

not considered.

-16-



In the ultimate devolopueat of the Hvita River opproximately 1000
million cubic meters of storoze nay be availedle for flow regubtion. A
brief study based on flow regulation curves presanted in the Hydrological
Report shows that the minimum regulated flow with this emownt of storage
would be in the order of 220 kiloliters per second. With cverage total turbine
dischorge of 320 kiloliters por sccond from three uwaits as assunzd in the
Project Plan Report the snnual plont cepacity factor would then be 57 percent.
The plont capacibty fecbor could, houever, be considerably higher in average
end gbove average water supply years. For the purposes of this reviev we
have not assuued any chanse in the turbine capacity.

The average net head will be about 15.5 meters or one meter less thon the
maxinum gross head as & result of hydraulic losses and average drawdown of
lestvatn for deily regulation. The turbine éutput at this head ead at best
efficioncy was estimated et 26,000 metric horsepover. To maintain this out-
put at the minimum net head of 15 meters, the full grie capacity at this
hecd will be ebout 150 kiloliters per sccond. The cenberline of distributor
should be aot hisgher than 0.5 nmeters ebove lowest taillwater with the selected
gpced of 1356 revolutions per ninute. The power factor of 0.8 assuméd in the
Plon Deport is lower than considered nccessary or desirable. A power factor
of 0.9 s essumed by us in determining the generator rating and for estab-
lishing the tronsaission facilities. The generators were rated at 22,500
kilovoltarperes (kva) or epproximately six porcent ebove the turbine output
at average head end best efficiency. The generators were desipgned for ten

percent contimious overload.



TRANSITSSION SYSTEL

The transmission voltoze of 130 kilovolts as propoced in the Pleor
Report for the 65 kilorster lins to foyljovilk eppeors to be reasoanble for
the loads con‘téznplntea. This voltozge would in eddition facilitete e tic-
in with the existing 138 kilovolt systen from the Soz pover plents. Tae
conductor size selected is ACOR 335.4 2O

Tzing the most econdaical type of construction, wood-poles are proposcd
for the entire line fronm Hestvebn to Reykjavik. This type is now quite
common for voltazes up to 161 kilovolts both in Furone end the Uanited Stotes.
Experiences in Scandincvic indicute that the method is suceessful also under
severe icing and wind coaditions.

The accessory electrical equipiant indicated on the single line diagram
in the Project Plon Report is considered adequate es the basis for a realistic
cost estimate. The arxrraagement of the 11 kilovolt busbar i3 slightly different
from stendard Anerican practice but no chanses were assuned in our estimste.

The 69 kilovolt line to Hvolsvallar and the 11 kilovolt lines to the local
pover systems and to the Diversion Dam are not included in our estimate
except for the necessary provisions et the Hestvatn Substation.

The transmission losbses ere estimated et ebout 3 percent under full load
from the initial installation of two units end at 4-1/2 percent under full
load from the ultimate installation of three units.

POWER AND ENERGY

The power and energy output will be increased as compared to the values
computed in the power study by Jacob Bjornsson because of the higher reservoir

elevation assumed.
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The average net head is estimated by us at 16.5 meters as compared to
16.0 meters used in the power study. The corresponding increase in out-
put will be ebout three percent. The overall efficicncy of 81 percent
that was essumed in the power study is comparable with our estimate of
everage efficiencies as listed below:
Water Conductors 1.00 (a1l hydraulic losses

included in estimnte
of net head)

Turbines 0.90
Cenerators 0.97
Trangformers (2) 0.99
Transmnission 0.97
Station Jervice (including fish-ladder) __0.98

Total 0.82

The total energy output from two units et Hestvatn firm to the assumed
load vhen operated integrated with the existing system was estimated by the
SEA at ebout 200 million kilowatthours in the minimm water supply year
1050-1251. It should be recognized, however, that in the loading sequence
used in the study, the Hestvetn Project was pleced before Irafoss and
Ljosafoss. In other words, the Hestvatn Project varried proportionally more
of the lozd than Irafoss end Ljosafoss during periods of ebundent water supply.
However, as the output from the plent with maximum reservoir elevation 50.5
will be ebout 3 percent higher then assumed for the Power Study we believe
that 200 million kilowatthours firm energy ls & reagsonsble estimate at the

present time.



This corresponds to en cnnual plent capacity factor of 61 percent.
A rough check based on the assumption that the monthly plant factor
would not exceed 75 percent gives es e result the following monthly out-
puts for the minimmum year 1950-51:

Average

Month Plant Factor Output
Ceotenber 67% 16.5 M Kuh
October 70 17.9
Hoveriber 64 15.8
Tecenber 5% 10.0
Jenuaxy 5% 12.0
February 63 14.3
March 60 15.2
April 65 16.0
May 5% 15.0
June T5% 18.5
July T5% 19.0
August T5% 18.5

Totel: 208.7 M Kvha

¥* Some water spilled

This eppears to support the findings in the Power Studies.

We have estimated on the basis of the flow duratimm curve for the years
1950-1958 that the sccondery energy produced would eversge 40 million
kilowatthours annually. We assumed that the water utilizotion factor would
be 90 percent during periods vhen the water supply would equal or exceed the
turbine f£low capacity.

The main portion of the secondary energy will be availeble in average
end high water supply years. It is likely, however, that during such times
there will alao be en ebundance of water avallable at existing hydro-
electric plants. We decided, therefore, not to include possible benefits
from secondary energy in the estimated unit costd firm energy shown on

Exhibit 2.



Regulation of the notural river flow will be reguired prior to the
Installation of the third wit. 4As a rough estiuote, the total firm
encrgy production will be cbout 200 million kilowatthours under proboble
ultinmate regulated conditions. Eocondory encrgy is then estinmated to

average 20 million kilowmtthours annually.

COST ESTTUATES

Gengral. Our review of the coct was carried out as en independent

estimate based on the modified desingn as indicated on Exhibits 3 through
6. The estinute ropresents our precent best judzment of unit prices and
lump sums for the various itens end ore expressad in U. 5. dollars. The
various elemonts were arranszed Lfor presen‘catibn in a form vhich we have
found convenient and more or less standoerd for estimotes of this type.

Our cost estimates are presented in Appendix B vhich includes &
summayy estimate for the overall project and detailed estimates for the
two main elements:

(1) The Hestvatn Project and (2) the Transmission plant including
the substation at Hestvatn, the extension of Ellidaar substation and a tie-
in with the suvbstation at Irafoss. The Hestvatn Project is further divided
into the following subfeatures: (1) Intake and Powerhouse, (2) Reservoir,
Tams, and Waterways including the Diversion Dem, Diversion Cansl, end the
Feadrace and Tailrace Ceanals, (3) Turbines end Generators, (4) Accessory
Electrical Equipment, (5) Miscellaneous Power Plant Equipment end (6) Roads.
Impoxrt duties and taxes were incorporated into the unit costs end lump
suns of the various items. The cost of land end lsnd rights was omitted
in our estimate as was mlso the case in the Project Plan Report.
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Bosic Tata. The besic informntion for the cost estimates were pro-
vided in a letter to us frou the Stote Dloctricty futhority, dated
Pugust 28, 1961, & copy of vhiech is included os Avrendix C. This letter
contains drta recuired on lubor vetes, cost of wabxiuls, ewchenge rate,
texes and dutics in order o provide a ronlistic estinnte vnier Icelandice
conditinns.

The costs of machinery cnd equipucat were based on sctual costs and
bid prices vhich wve have comiled. Duropemn price levels were assumed for
ell mechanicel end electriccl equipicut.

Our assumptions for the cost estivctes epnear to aoree very closely
with those made by Thoroddsen in his ireojoct Ilag Repurt with one exception.
This is in regerd to the currency exchonge rete vhich wes 38 Kroners to one
U. 5. dollar at the time when the Plan Report vas being prepared. It has
subsaquently been changed to 43 kroners to one dollar end this rate was
therefore used in our estinnte. However, since there has elso been a resﬁlt-,
ing increase in the wages of local lebor, the net change on estimates
expressed in dollers is very emall.

Civil Ensineering Features. Our estimate of the civil engineering features

18 based on computed quantities and unit prices for the principal items of
construction, such as excevation, concrete, reinforcing steel, end structural
steel. JAppropriate lump sum items were used vhen sufficient informetion wes
not available to make en estimete of quantities or when the total cost of a
structure or element of construction could be established edequately without
a breskdown of quantities.

The quontities were computed from Exhibits 3 through 6 supplemented by
the drawings in the Project Plan Report and sketches of specific structures

es considered necessary.
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The thicknesses of concrete and the amount of reinforcement required were
estimated on the busis of our experience with similer structures on
completed projects.

Por soma items, the quaanbities given by Thoroddsen were accepted
without a deteilesd estinate by us. This procedure was used foi' the concrecte
in the powerhouse substructure and superstructure. Ve did, however, check
these quantities aguinst emperical values established by us for similar
powcrhouge sbructures and they were found td be comparable. The lump sun
iteus for eccess ronds and operators villasge given in the Projeet Plan
Report were not checked and were included in our estinate unchangzed.

The unit prices were couputed on the basis of lubor rates cnd cost of
moeterial as given in the letter from the Stete Electricity Authority,
deted fugust 28. The cost of construction equipsent wos assumed ot the
prevailing hourly rates in the United States plus 25 percent to cover
fraight to Iceland and iwport duties and taxes. Our prices also include con-
tractor's proi’iﬁ end overhead items including temporary access end accomuo-
dation.

Turbines end Other lMechanical FBquipaent. Our estimate for the turbines

end governors wes based on @ recent bid price for & similar unit. This
price vms checked egainst emperical values of cost per horsepower adjusted
to Buropean price level. All costs represent that for the items corpletely
installed end include taxes and duties estimated at 30 percent of direct
cost including ‘insﬁallation. Our estimote for the turbines agrees very well
with that in the Project Flan Report vhich was obtained from the Swedish
turbine manufacturer, Kerlsted Mekoniska Verkstad. Independent lump sum

estinates were made of miscellaneous mechanical equipnent.



They agreed closely with those in the Project Plan Report.

Generators, Transformers, and Accessory Llectrical Eeuipment. Our

estimates for electrical equipment was bassd on cquipuent of Vestern
European manufacture. All costs represent that for the iteums completely
installed end are on a lup sunm basis generally. They include import

taxes and duties estinmated at 30 percent of direct cost including install-
etion for the generators and 35 percent for ell other electrical equip-
ment. The cost of the generators estimated by us 1s slightly lower than
thet in the Plan Report. This difference 1s offset, howvever by somzvhat
hisher cost for the accessory electricel equipment in our estimate. It
ghould be noted that the kilovoltempere rating of the equipment in our designs
is lower than in the Project Plan Report because of the higher power factor
essumed.

Trensmission Plant. The transmission plant includes the 138 kilovolt

gingle circuit line to Reykjavik, the Hestvatn Substation, the tie-in with
Irefoss end the extension of the Ellidasr Substation. The cost estimate is
based on equipment delivered from Western Europe end includes taxes and
duties at 35 percent of the estimated direct cost of the equipment fully
installed. The cost of lend end land rights was omitted in the estimate.
Information received on Norwegien wood-pole construction indicates that the
cost of & 138 kilovolt single eircult line is about 90,000 Norwegian kroners,
or sbout $12,500 per kilometer. This compares with our estimate of $10,000
per kilometer excluding taxes and dutles. The comparison eppears reasoneble
because constructimn in Iceland would be easier then in the hilly end
forested terrain of Easterm Norway.
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Continseacics ond Nagincering Costs. A contingeacy iten of 15 percent

was woplied to all cosis ws wa ¢llounnce For ouaissions cnd possible increases
in queatitics or prices. e consicer this porceunbiese to be xeosongdle in
this case on the busis of the field duta cvailcble and the eagincering
studies that have been carried outb.

Engincering and ovacrs overhead was csbimnted ot eight perceat of the
direct construction cost. Thig value is based on cur experience from
sluiler projects &nd includes the engincering supervision of construction.

Interest During Construction. The financing teras thel can be obtained

for the Hestvatn Project is not known at the present time. It is possiule
that such terms will be different for local and foreign currency and also
that the financing of the transmission plant may be under different terms
than for the production plent.

However, for the nujorlty of hydroelectric projects that we have been
asgociated with both in +tHe ilnited States and ebroad, the net cost for
interest during construction is between 2 1/2 end 3 1/2 percent of the total
construction cost per yeor. Ve bvelieve that the construction of the Hestvatn
Project cen be accomplished in ebout 2 1/2 years. On this bosis, the cost of
interest during construction would pormally be between 8ix end nine percent
of tokal comstruction cost includim: apgineering. TFor the purposes of this
estinate, we assumed the cost of Ilrisrest during consbruction to be eight

percent of the total construciion cost.
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Comparison of Cost Estimates.

A comperison between the direct con-

struction costs given in the Project Plan Report and es estimated by us,

is tabulated balow:

Ttem Project Plan Report* Harzint
Diversinn Dam $2,190,000 $1,825,000
Diversion Canal 520,000 641,000
Cenalization 53,000 280,000
Headrace, Teilrace
Intake & Powerhouse 3,650,000 3,571,600
Fighledder (Powerhouse) 110,000 210, 400
Hestvata Switchyard (foundations

only) 25,000 70,000
Turbines & Generators 2,370,000 2,290,000
Electrical & Mechenical Equipment 760,000 1,061,000
Roads 125,000 125,000
Operators Village 80,000 80,000
Coatractor's Caup 210,000 .
Transmission Line end Irafoss &

Ellidear ‘ubstations 1,160,000 1,305,000

Total $11,253,000 $11, 460,000

* Based on exchange rate:
#*Included in unit prices.
The largest single difference

38 Icelandic kroners = one U.S. dollar.

18 in the cost of the electrical end

mechenical equipnent for the Hestvatn powerhouse and switchyard vwhere our

estimate 1s $300,000 higher than in the Project Plan Report. This difference

Differ-

is, however, pertly offset by our lower turbine end generator coets.

enceg in civil engineering items cen in genersl be traced in changes in

design or design essumptions es discussed in the Sectinn "Engineering Features”.
Our estimate shows the total direct construction cost to be about

$200,000 higher than 4in the Project Plan Report.

«26-



However, since our estimated cost of interecst during construction is about
413,000 Lloszx the totel difference in the estinated project investment

is reduced to 100,00,

ANIWUAL CIIARCES

T™e anmial char;es egainst a power system include interest on invested
capital, deprcciation of the instullation or emortization of investment,
operclion and mnintencnco expenses, insuronce, and taxes.

Ve hove esti:ted operation end maintenance expenses of the Hestvatn
Project and tie trons ission plant to be {210,000 per year. Inswrance
would norually be in the order of one tenth of one percent of the project
inveotunent or about 00,000 wnnually. Taxes have not been included in our
estiante.

Intercst end anortizntion eervice ordinarily represents the major
portion of amnual costs for a hydroelectric project and are dependent on
financing temas which at the present time, sre unknown. Ve therefore computed
the debt survice for several interest rates and for both 25 end LO-year
anortizotion periocds. The resulis ere shown graphically on Exhibit 1. The

valrcs given by the curves inclucde all estimated annual charges except texes.

COST OF Eni.sY

The unit cost of energy 1s orrived at simply by dividing the snnual charges
with the exount of firm energy produced in a year. If we, as previously
discussed, assume that 200 million kilowatt hours would be produced and
delivered to the pover system ennually the cost of energy will be as shown

graphically nn Exhibit 2.



The curves show the cost of energy delivered on the low tension side

at Ellidaar for interest rates ranging from thres 1o seven percent and
for emortization periods of 25 and 40 years. Texes that may be levied on
the operation of the powver plant are not included in the estimated unit
cost of energy.

Por most comuon financing terms, the cost of firm energy will be
betucen five and seven mills (U.S.) per kilowvatthour. With en interest
rate of five percent end 40 years emortization, the cost will be ebout six
mills per kilowatthour. If the project could be exempt from import duties
end taxes, the cost of energy would be reduced by about one mill. The value
of the secondary energy that maey be produced can not be predicted with eny
reasonable certainty at this time. Ve estimate that the crediting of
income from 'bhev sale of secondary energy to the annual costs would result
in decreasing the estimated unit cost of primsry energy by two-tenths of
one mill for each mill per kilowatthour received from the sale of secondary

energy.



APPEIDIY A

Sheet 1
HESTVATY PROJEC
TADULATION OF SIGNIFICAWT DATA
Streamflow
Drainage arca 4,360 Y™
Maximum discharge of record 2,500-3,000 k1 /s
Lowest daily mean dischurge 70 k1/s
Average flow 1956/51-1959/60 270 k1/s
Average flow dry year 1950/51 195 k1/s
Lowest monthly aversge (liarch 1951) 155 k1/s
Available 957% of tiume 150 k1/s
Reservoir
Normal operating lovel 331. 50.5
Minimwa operating level 7l 49.0
Maxcimu flood level (Q=l, 500 k1l/s) El. 53.5
Pailvater (Without river channel imporvement)
Riverbed (Zero Dischorpge) 2. 31.0
For discherge 130 kl/s 1. 32.h
For discharge 260 kl/s N 1. 33.0
For discherge 390 kl/s El. 3342
Moximum Flood level El. 36.0
Heod
Cross head (Q=260 k1/s) 17.5m
Average gross head (Q=260 k1/s) 17.0u
Average net head (Q=260 k1/s) 16.50

Minimum net head 15.0n
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Sheet 2
Dam
Material and type Concrete welr
Overall length, approvzinately 200
Maxinoun height 13a
Gates:
(a) Tainter crest gates 3 - 251m x ém
(b) Fishbelly flap gotes 2 - 25mx 4.5m
Fishladder
Length 100m
Slope (horizontal to vertical) 10:1
Spillway Capaclty - same as river channel
Diverslon Canal
Iength between Hvita and Hestvatn 1,100m
Bottom elevation at entrance 48.0
Bottom elevation at outlet %6.0
Width at entrance 250m
Width at outlet | 125m
Side slope (horizontal to vertical) b1
Flow velocity with water surface El. 50.5 0.k5m/s
Flow velocity with water surface El. 49.5 0.65um/s
Headrace Canal
length from Hestvatn shoreline 850m
Bottom elevation at shoreline Lo.0

Bottom elevation in rock excavation 38.5 to 38.0
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Sheet 3
Bottom width in soil excavation 35m
Bottom vidth in rock excumvation 20m
Side slope in soil (horizontal to vertical) 5:1 to 2:1
Side slope in rock 1/6:1
Maximm flow velocity (8390 k1/s)
(a) water surface elevation 50.5 1.%0 n/s
(v) Water surface elevation 49.0 1.60 n/s
Tailrace Canal
Length 200m
Bottom elevation 25.0
Bottonm width 32nm
Flow velocities
() Q=130 k1/s 0.55 m/s
(v) @=260 x1/s 1.00 m/s
(c) Q=390 kl/s 1.40 n/s
Powerhouse
Type Integral Inteke-Powerhouse
Turbines
Type Kaplen
Thumber
Initially 2
Ultinately 3
Rated Net head 16.5 meters
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Sheet 4
Capacity at minimum net head (15.0m) 26,000 matric HP
Speed 136 RPM
Fishladder
Length 200m
Slope (horizontal to vertical) 10:1
Cenerators
Rated capacity 22,500 kva
Power factor 0.9
Transmission Line
Voltage 138 kv
Length = single eircuit 65 km

ACSR Conductor size 336.4 MCM



SUIZIARY

PRODUCTION PLANT

Power Plant and Intoke,
Structures end Tmproverents

Reservoir, Dams, and Vaterweys

Turbines and Generators

Accessory Electrical Equipment

Miscellancous Pover Plant Equipment

Roads

Total Production Plant
TRANSMISSICI PLANT

Hestvatn Substation

Irafoss Connection

Ellicsar Extension

Transuission Line Hestvatn-Reykjavik

Total Trensmission Plent
Sub-total Direct Cost

Contingencies and Omissions 15% *
Totel Direct Cost

Engineering end Supervision 8% +
Total Construction Cost

Interest During Construction 8% +

TOTAL PROJECT INVESTMERT

Lunt

Dollors (Us)

2,438,850
k,170,150
2,290,000
270,000
250,000

125,000

9,544,000

611,000
150,000
310,000
845,000
1,916,000
11, 460,000

1,740,000

13,200,000

1,050,000

1%,250,000
1,150,000

15, 100,000



APPIIDIX B

¥Thoroddsen's, estimate Alt., 1

*¥Thoroddsen's estimate Alt. 2

Sheet 2
Unit Price Amownt
Quantity Dollars (US) Dollors (US)
PRODUCTION PLANT
PONER PLANT AID IS
STRUCTURES AND LiPROVIIENTS
Cofferdan and pumning L.S. 20,000
Excavation, commion 70,000 13 0.70 9,000
Ixcavation, rock 40,000 m3 2.30 92,000
Foundation preparation
Cleaning, wedzging, barring L.S. 25,000
Drilling grout holes 500 Im 15.00 T, 500
Grout 100 m3 85.00 8,500
Concrete (including forms)
Inteke and wing walls 14,000 n3 %3.00 602,000
Substructure 10,150 mwd** 52,00 527,800
Superstructure 870 m3*  115.00 100,050
Reinforcement 1,100 tons  330.00 363,000
Compacted backfill 10,000 m3# 1.50 15,000
Gates and Appurtenances
Intake gates and hoists L4 93,000.00 372,000
Stoplogs L.S. 25,000
Draft tube gates and hoist LeSe 25,000
Trashrack 45 tons  600.00 27,000
Architectural L.S. | 100, 000
Operator's village LeS.* 80,000
Total Pover Plant end Intake
Structures and Improvements 2,438,850



RESIRVOIR, DAMS, AND VATZRVAYS

Diversion Dam

Care of river
Exeavabticn, rock

Foundatlion preparation

Claaning, barring, wedging

Drilling grout holes
Grout
Coacrete including forms
Reinforcenent
Fish~belly gates and holsts
Taintor gates and hoists
Fish-ladder
Miscellaneous

Sub-total Diversion Dam

Diversion Canal and Reservoir

Dredging in Hestvatn and
ilvita River

Excavation, Common
Rock groins (El. 51.0)
Care of water

Sub=total Diversion Canal

APPITDIN B

Sheet 3

Unit Price
Quontity Dollzrs (U3)

Anowat
Dollars (U3)

L.S.

21,000 n3 3.50
L.S.

1,000 1m 15.00
280 m3 85.00
13,000 m3 35.00
390 tons 330.00

2 135, 000,00

3 170, 000,00

L.S.

L.S.

320,000 m3 0.55
725,000 m3 0.60
80,000 m3 3.50
L.S.

200,000

20,000
15,000
23,800

455,000

128,700

270,000

510,000
80,000

50,000
1,826,000

176,000
435,000
280, 000

30,000
921,000
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Unit Price Anount
Quantity Dollors (U3)  Dollars (U3)

Headrace and Tailrace

Cofferdenm and pumping ‘ L.S. 50,000
Dredging Hestvetn and Hvita

River 145,000 m3 0.55 79,750
Ixcavetion, eommon 555,000 m3 0.70 388,500
Excavation, rock 265,000 m3 2.30 609,500
Rock lining and sand filters

of canal slopes 20,000 m3 3.00 60,000
Miscellaneous 25,000

Sub=-total Headrace and Tailrace 1,212,750

Paverhouse Figsh ladder

Excavation, common 9,000 m3 0.70 6,300
Exeavation, rock 7,000 m3 2.30 16,100
Foundation preparation L.S» 5,000
Concrete ineluding forms 1,100 n3 100.00 110,000
Reinforcemant 100 tons 330.00 33,000
Miscellaneous L.S. L0, 000
Sub-total Powerhouse Fish

Lodder 210,400

TOTAL RESERVOIR, DAMS, AND WATERWAYS ,170,150

TURBINES AND GENERATORS

Turbines and Governors 2 580,000 1,160,000
Generators (22,500 Kva) 2 565,000 1,130,000

Total Turbines and Generators 2,290,000



ACCESSORY FLECTRICAL EQUIPIINT

MISCZLLANSOUS POUER PLANT
EQUIPMEIT

TOMAL PRODUCTION PLANT

TRANSMISSTION PLANT
Hestvatn Substabion
Foundations and structures
Tronsformers
Switchgear and Auxiliary Equipment
Sub-total Hestvatn Substation
Irafoss Connection
Ellidear Extention
Trensmission Line (138 Kv)

Single circult Hestvatine
Reykjavik 65 KM
TOTAL TRANSMISSION PLANT

*¥Thoroddsen's Estimate

APPEIDIX B

Sheet §

Unit Price

Quantity Dollers (U3)

Luount
Dollars (US)

L.S.

L-SI

L.S.

L.S.

L'S.

L.S.

13,000

270,000

250,000
125,000%

9,532,500

70,000
210,000
331,000
611,000
150, 000
310,000

glt5, 000

1,915,000






RAFORKUMALASTJORI APPENDIX C

Sheet 1
THE STATE ELECTRICITY AUTHORITY P.0. BOX 40, Rmxiivix
ICELAND
TELEGRAMS & CABLES:
THR STATE ELECTRIC POWER WORKS RARIK
THE STATR BELECTRICAL INSPECTION
PROJECTS & SURVEYING DEPARTMENT
GROTHERMAL RRSEARCH :
r
Narza Engineering Company Int,
400 West Madison Street
CHICAGO, I11,
U, S. A,
L |
YOUR RRP, YOUR LETTER OUR REP. DATE
7/25/1961 JG RH/- August 28, 1961,
Subject: Hestvatn Project
Planning Review,
Att,: Mr, A,R, Engebretsen
Project Menager,
Gentlemen,

We refer to your letter of July 25th, The Hydrological
Report on the Hestvatn Project was sent to you some time
ago, and another Report on a study of the energy output
of the Development when operated integrated with the
existing South-West Iceland Power System has been sent
to you a few days ago,

In what follows, the points mentioned in your letter will
be discussed in the same order as they appeared there,

1, Topography

All the available topography relating to the Project has
been forwarded to you, As to the area between the spillway
and Vordufell, although we realize that a more detailed
mapping of that area is required, that work cannot be
carried out in the present season, so that this part of
the Planning Review will have to be restricted to what
can be done with the existing topography,

2, Hydrography

It was intended in this season to explore by seismic
methods the channel of Hvitd River in the reach from

the proposed powerhouse to below the rock sill at Haaberg,
However, owing to various reasons, among them a present
conflict between engineers and their employers regarding
snlaries, this exploration can presumably not be completed
in the present season, The Review, therefore, will have to
be based on the tailwater elevation assumed in Thoroddsen's
Report, without regard te “the possibility of incressing the
head by blasting the rock sill mentioned above,
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3, Contractors, labour and materials

The civil engineering work of the Hestvatn Developnent

will presumably be subjected to a - possibly more or less
restricted - international bidding, The contractor selected
might be a domestic or a foreign firm (or firms) or a
consortion of both locel and foreign firms, The last possi-
bility is probably the most likely one, although nothing
definite can be said on this point at present, The con-
tractor would undoubtedly use local labour and material

to the extent feasible,

4, Woges

The present wage rates and other labour conditions appli-
cable in Iceland to-dey are shown in Enclosure 1, It should
be noted in this connection that s wage rise of 134 approx,
has occured since the completion of Thoroddsen's Project
Flan Report,

5, VMaterials

The retail prices of main construction inaterials in Iceland
are at present as follows:

Reinforcing steel kr, € 200,00 pr,metric ton
Timber " 93,60 -" cubic foot
Cement (from the locerl cement plant) ™ 1 267,00 " metric ton

Owing to a devaluation of the Icelandic currency that took
etrfect early this month, the above prices for steel =nd

timber =2re ca, 13, higher than 2t the time when Mr, Thoroddsen
wes preparing this estimate, The corresponding rise in the
cement price is 9,7%. '

6, Texes and duties

The texes and duties on construction materisls and electricel
equipment as at present are shown on Enclosure 2,

Taxes and duties on construction equipment differ appreciatly,
depending on the type of equipment, so that definite figures
cennot be stated, In most cases, however, the duties and
taxes would smount to between 30 and 404 of the cif-price of
the equipment,

In this connectinn it way be mentioned thet there has been

a case where a foreign contractor, undertaking a job in
Iceland, has been refunded the taxes and duties of that part
of hie imported equipment which he brought back with him

upon completion of his Job, It is by no means certain, however,
that this case would constitute a precedent for a similar
trestment of other foreign contractors in the future,



APPENDIX C
Sheet 3
August 28, 1961, -3 -

RAFORKUMALASTIORI

7. Exchange rate

The official rate of exchange of the Icelandic krona is
at présent US g 1,00 - kr, 43,00,

In converting the above figures for weges and prices of
materials this exchange rate should be used, However, as
already steted, a devaluation of the Icelandic krona has
recently taken place so that, when converting the cost
figures in Thoroddsen's report, the rate of exchange
prevailing of that report should be employed, That rate
of exchange, which was the officiel one prior to the
last devealuation, was US § 1,00 - kr, 38,00,

8, Energy, Annual costs

As stated at the beginning of this letter, we sent you

a few deys Aago, A report on a study of the possible

energy output of the Hestvatn Development in a so-called
bese water year, when operated interconnected with the
existing power system in the South-West Iceland, This

study only constitutes the initisl phese of more elabor-
ate power studies that will be necessary in connection

with a final design, Although we would like you to include
this lest report in your review, in general lines, we agree
with you in that it may be premature to include an estimate
of the energy cost, However, we feel that it might be useful
to have an estimate of annual charges in the rewiew, Such
sn estimate should be based upon the assumption that the
undertaking would be financed entirely by lo=sns raised on
the international capital market, and that the development
would be totally exempted from taxes, except aforementioned
texes and duties on imported material and equipment,

9, Cost figures in Thoroddsen's Report

It should be noted that the cost figures in Thoroddsen's
Report include all cost items including duties, taxes and
contractors?' fees,

Sincerely yours,

A
g

C;;;’;::;s;Zﬂ;Aﬂlk;;,unac.__,,bﬂh_

Jakob Gislason
Jirector Genersal,

ENCL,
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Labour Conditions in iceland

Since the 29th of June 1961 the relevant wage rates for
daytime work are as follows:

Pasic wages for daytime work
A, Unskilled labour

1l,cl, ordinary labour kr, 22,74
2, " concreting, steel, hands n 23,22
3, " compressor, blestings " 23,58
4, " 1light motorcar opersation w 24,28
5. ® not applicable here v 24,72
6, " heavy motorcar operation "
and repair work " 26,28
7.  cement work " 26,93
8, " operators of heavy
construction machinery " 28,00
Direct additions to the above rates:
1, Medical expense 1.0%
2. Vaccation allowance 6,0%
3. Legal accident insurance 1.5%
4, Unemployment insurance 1,04
B, Skilled labour
Carpenters kr, 26,86
Masons n 27,70
Mechanics " 28,00

Direct additions are the same as for unskilled
lsbourers, except that for carpenters an extra 6,04
has to be added for life annuity fund, Tools are included,

Otherwise, labour conditions are the same as described in
the"J3kulsé & Fjollum Report", p,10, except that we re-
comnend to estimate underground work paid with a compens-
ation amounting to kr, 3,10 per hour, and that all labour-
ers are entitled to free catering at kr, 30,00 extra a day,
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ENCLOSURE 2,

TAXES AND DUTIES

Material Specific Duty Duty ad valorim-
Reiniorcing steel 0,088 kr/kg ATgwp UL LLL=-PI LU
Timber 0,44 kr/cubic foot 14,4% " "
Cement (imported) 24,40 kr/metric ton 13,6% " "
Turbines 0,088 kr/kg 14,4% " "
Lock Gates 0,088 " 14,4% " "
Generators 0,088 " 14,4% " "
Transformers 0,308 " 18,0% " "
Other electrical equipm, 0,308 " 18,0% " "

Furthermore, it should be mentioned that all the above mentioned
goods are supfiject tc the following duties:

L4
Custom House Duty (2% of total specific duty and duty ad valorem
and also on electrical inspection duty if the goods are liable
to that duty.)

Sales Duty ( 16,5% of Cif-price plus other custom duties)

Consumption Sales tax ( 3,3% of Cif-price plus all other custom
duties)

Furthermore, Generators, Transformers and other electrical equipment
are subject to electrical inspection duty (0,75% of Fob-prtce) and
finally Transformers are also subject to an import licence duty
(1/2% of Fob-price),
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