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ARZA ENGINEERING COMPANY INTERNATIONAL
CONSULTING ENGINEERS ¢ RIVER PROJECTS

Decenber T, 1962

The State Electricity Authority
P. 0. Box ko
ReykJavik, Iceland

Subject: Efstidalur Project
Upper Bruara
Summary

Gentlemen:

We take pleasure in submitting our review of the Efstidalur Project
on the Upper Bruara as presented by Mr. Sigurdur Thoroddsen, Consulting
Engineer, in his Appraisal Report dated May 1962.

Our review 1s essentially an independent cost estimate based on the
project plan presented by Mr. Thoroddsen but with a few modifications
included as a result of our studies. Further design modifications are
likely to be introduced during advanced proJject planning. We do not
now expect, however, that future investigations and studies will adver-
sely affect the project economics as presented herein.

We concur in the general project plan outlined by Mr. Thoroddsen and
believe that it represents an optimm or near optimum development of
the resources availeble. The plen is considered as technically feasible
and not involving any unusual construction or operation problems. The
Efstidalur Project as proposed will develop sbout T9 meters of a total
drop of 109 meters available in the reach of the river studied. The
remainder of the head could be developed by two small projects, Kalfa
and Reykir. It appears, however, on the basis of preliminary estimates
made by Mr. Thoroddsen, that the economics of these two projects are
rather unfavoreble at this time. We have, therefore, not reviewed the
Kalfa and Reykir Projects in detail.
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The Efstidalur Project will be a run-of-river plant desipgned primarily
for base load operation. We believe however, that it is necessary to
provide some pondage for peaking and have, therefore, included in our
design a reservoir of about 100,000 cubic meters for that purpose. This
pondage would permit peaking for about three hours during lowv flow
Periods on the basis of the station flow capaclity selected.

The station flow capacity, when operating at best efficiency and at the
normal net head of T3 meters, was chosen equal to the average river flow,
about 35 cubic meters per second. The station output is estimated at
22,500 kilowatts under these operating conditions. The dependable peaking
capability is estimated to be approximately 22,000 kilowatts delivered at
Reykjavik. Our selection of plant capacity is based primarily on Jjudge-
ment which would need to be verified by economic studies during further
Planmning.

We concur in the selection of one unit only inasmuch as the unit size is
reasongble in comparison with the existing system capacity. The added
cost of providing two units, each of smaller size, 1s considered not
Justified.

The Transmission Plant includes the entire line from Efstidalur to
Reykjavik and a tie-in at Irafoss with the existing Sog System. The
section from Irafoss to Reykjavik will serve also the Sog power plants,
but no credit was taken for this in the cost estimate.

The power plant will be provided with semi-automatic control equipment
for icmote control of load and voltage from Irafoss Substation. This
arrengement is considered preferable both from economic and operational
viewpolnts.

Our estimate of Total Construction Cost including the Transmission Plant
1s $5,300,000. This amount includes import duties and taxes, allowances
for omissions and contingencies, cost escalation, and such indirect costs
as preliminary investigations, engineering, supervision of construction and

owner's overhead. Our estimate of Total Project Investment is U.S. $3,900,000

This amount was determined by adding estimated interest during construction
to the Potal Construction Cost. The cost of establishing working capital
and interest reserves was not considered.

The foreign currency requirements are estimated at the equivalent of

$5,3000,000. The requirements in local currency are estimated at $3,800,000

ii
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or 165,0C0,0C0 Tecland Ioonur; of which imsord dubics cud taxes smownt to
about 73,000,000 iromwr ond local labue ead motericls to about 90,000,000
Kronur.

The annual privary cnergy deliveved from the Ifsbidalur Project is esti-
mated to be 150 millicn kileuuldt houes. This cotinate wus based on cstie
mated strecuflows in o drey yoar and U0 parccnd ubilization of all flows up
to 35 cuble neters per szeond. It includes allowcnces for all losses.
Secondery enrcrgy will be evaileble, and will woount to about 15 million
kilowatts howis in an avercge weler cupsly year. Soxe of this secopdary
encyrgy right be Tiimed by integrated systen operations.

Cur cstimates of anmal cocts include operaticn and maintencnce cxpenses,
reserves, water rights, ond dobt service. The debt service charges will depend
on ultinmate flnaoncing temms, currently unbnown. Our estimote for the unit
costs are based on: (1) the sale of the aumal delivered primacy encrgy of
150 million hilowatl Lours, (2) amusl costs other than debt service in the
amount of $203,000, and (3) a range of level debbt service charges expressed
as a percentage of Total Project Imvestment. On this basis our estinote of
unit energy costs varies on a nearly straight line relationship from &.3
mills U.S. for five percent to 6.7 mills U.S. for nine percent of the debt
service as expressed cbove. An amortization period of 25 yeavs ond six pers-
cent interest rate would result in o wnit cost of aboul six nills U.S.

Our estimated projeccet costs is considercbly higher than that obtoined by

Mr. Thoroddsen. It should be ncted, however, that our estimate is bascd on &
larger plant capacity, hicher dam, aud a larger and longer transuission line.
Furthermore, we used the price level as of Octover 1S62 as the basis for our
estimates of unit rates ard cost of equipnent whercas Mr. Thoroddsen's estie-
mates were based on the somewhat lewor price level of 1061,

Additional field investigations will be reguired for further planning of the
Efstidalur Project. Altermative locelions of the dam and powerhouse should
be investigated and studied. The problen of reservoir leakoge will need
careful study. Hydroulic and hydrographic measurements end surveys will be
required at the lecations of the dam and the tailrace outlet. Tucrther re-
comnaissance, sampling and testing of natural construction wmateridls will
be required. This work for the most part can probably be accorplished in a
gingle summer season.

The Efstidalur Project cculd be an economical scurce of power to meet the
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load growth of the present market in South-West Iceland. It is under-
stood that the estimate presented herein will be used for economic comparisons
with alternative sources of power.

We appreciate very much the opportunity of providing you the service re-
presented by this Review Report.

~ Very truly yours,
HARZA ENGINEERING COMPANY INTERNATIONAL

O bl

C. K. willey
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EFSTIDALUR PROJECT
TABULATION OF SIGNIFICANT DATA

Drainage Area

Average Discharge

Design ¥lood

Maximum Normal Reservoir Elevation
Minimum Reservoir Elevation
Live Btorege

Normal Tailwater Elevation
VWoodstave Pipeline Diameter
Burgetank Diameter

¥aximm Burge Elevation
Penstock Diameter
Poverstation, type
Headlosses at normal flow
Headlosses at peaking
Turbine

Type
Capacity at rated head (73 m.)
Discharge at best gate, rated head
Bpeed
Generator
Type
Rating
Power factor
Voltage
Cycles per second
Main transformers
Number (total)
Type

Rating
Yoltage

Main Transmission Line
Length
Yoltage
Fumber of circults
Size of conduit
Construction

215 sq, km,
35 cas

200 cms *
159.0 n,
157.5
100,000 enm.
80.5

3.8 m,

15.0 m,
164.6 m.

3.6 to 3.2 m.
Indoor

5.25 m.
T.5 m.

Francis

37,000 metric byp.
35.0 cms,

300 rpm.
Vertical-shaft
25,000 kva

0.9

50

%fz{al’as nva,
11-138 kv,

75 kom,
138 kv,
One

b7 MOM
Voodpole



EFSTIDALUR
UPPER BRUARA
AN APPRAISAL REVIEW

INTRODUCTION

General. This report presents a review of the general design and
cost estimate of the Efstidalur Project on the Upper Bruara as developed
by 8igurdur Thoroddsen in his Appraisal Report dated September 1962
(English translation). No previous engineering studies have been made
of the development of the Bruara; Thoroddsen's report repre.senta the
first technical and econcmical evaluation of tiis resource.

Project Location. The project is located about 70 kilometers east

of Reykjavik in the upper reaches of the Bruara, a right bank tributary

to the Hvita, The Brusra rises in the lavafields northeast of Efstadalsfjall
and Middalsfell and flows southward in a generally steep gradient east

of those mountains until {t reaches the plains at Efstidalur about 7
Xilometers northesst of Apavetn. It joins the Hvita et Vordufell sbout

25 river kilometers farther dowmstrcam. The section of the river studied

by Thoroddsen reaches from the confluence with the left bank tributary,
Kalfa-Fremri, in the north to the junction with the tributary, Fullsaell,

in the south, a river distance of ehout 10 kilemeters. The total natural
fall through this reach 1is about 109 meters from elevation 182 at Kalfa-
Fremri to elmtioﬁ 73 at Fullsaell. The major portion of the drop is,
hovever, concentrated in a four kilameter section downstream from the
outfall of Hruta, en intermediate left bank tributary, vhere about 70

meters is developed through a series of falls end rapids east of Efstadalsfell.



quelomentﬁlternatives. Thoroddsen has proposed development of

the 10 kilometer reach by three projects: (1) Kelfa, (2) Efstidelur
and (3) Reykir listed in order, proceeding downstreem. The gross head
developed would be 22 meters, 75.5 meters and T.5 meters, respectively,
a total of 105 meters. About 4 meters of the total drop available would
remain undeveloped with this plan. As an aslternetive to the Efstidalur
Project, Thoroddsen has also studied a twoe-step develoment of this river
seguent by the Hruta Project utilizing 33 meters of gross head and the
valla Project utilizing 36 meters of gross head. The Reykir Project
would in that case develop 10 meters of head, go that the total gross
‘head developed would be 101 meters or four meters less than with the
Efstidalur alternative.

Thoroddsen's estimates show that the Efstidalur Project or its
alternative Hruta and Valla Projects is much more econcmical than either
Kelfa or Reykir. The cost of energy vould be approximately ome half of
that of the tvo smaller projects. His findings appears to be reasonnble,
in part, becsuse the much flatter river slopes developed by the Kalfa
and Reykir Projects would tend to increase the relstive cost of the water
conductors.

Mr. !moréd.daen has eliminated the Xalfa and Reykir Projects from
further consideration et this time. Ve egree that it 1s not necessary
to include these less econcmical projects for appraisal purposes. It
is possible that development of the 30 meters etv gross head of the Bruare
represented by the two projects, Xalfa and Reykir, can never be jJustified
economically. Sacrifice of some head for econcmic reasons is not unusual.

Qe



The power potential thus left undeveloped would amount todout 5000
kllovates and bk mi1lion kilovett hours of anmual energy.

We concur with Thoroddcen in his sclection of the oneestep Efstidalur
Preject in preference to the tuo-step Hruta end Valla Projects. His
#stimates indicate that the Efstidalur Project 1s slightly more econo-
mieal sand has & greoter pover potential. These advantages in addition
to more econamical opsration because of one poverplant instead of two
a1 &n our opinion sufficient reasons for selecting the oneestep Efstidalur
Project as the most suitsble one for the Purpose of arpraising the econcmics
of 8 power development on the upper Bruara.

Pield Informntion. Our review of the Efstidalur Project is based

on information given i Thoroddsen's Report, on additional data supplied
¥y him and the State Flectricity Authority (SEA) end on site inspection
by Barza engineers end geologists.

The entire project area has been surveyed and mapped 4n scale 1:5000
vith two meter contours. Fifty-seven soundings have been made to determine
the depth of overburden at the site of the proposed structures. In
addition four holes have been core drilled at the damsite and cne at the
poverhouse site. Undisturbed samplea for claaaiﬂcation of the overburden
have been taken at eight locations. The borelogs from the ebove explorations
and & deseription of the overburden were made available to us.

The streamflows were estimated from water level rocords cbtained at
the damsite since August 1961 end from 1b years of record fram the Dynjandi
stetion located ebout 20 kilometers farther downstresm on the Bruara.



The hydrographs for the demsite station for the poriod of August 1961
Shrough March 1962 and for the period of record et Dynjandl vas made
svailable to us in addition to gage height observetions and rating curves
for bath stations.

$ha f1e1d information received 1s comsidered adequate for making
ressoeably sccurate appralsal estimetee.

Toe averapge monthly streamflows have been estimated by us for the
poviod Beptember 1949 through March 1962 based on correlation studies of
the period of simultanecus records, September 1961 through March 1962.
The correletion thus obtained 1is considered satiafactory‘ for appraisal
yorposes especially since the flow of the Bruara is very un:lfm because
of e charecteristios of the drainage baein. We have not reviewed the
sobusl rating curves developed for the two gaging stations. The two
hydrogreghs appear, hovever, to correlste very well.

The yesults of cur studies sre given in the tabulstion below for
the median month year and the driest year of record, 1950-51..

ale



CCRARATIVI MEAN MOWIHLY DISCIARGL
IN CUBIC METERS PER SECOND

BRUARA AT DYHJALDI AND EFSTADALUR DAMGITE

B, seeatue

Month - Median Critical Medlan Critlcal

- | 1949-60 1050-51  194%9-60 190-01
September 2 i 32 29
October 65 Ll g 39 | 28
Noveuber 65 50 32 | 25
Deceuber 66 56 ’ 39 33
Jamary 68 56 3N ¥
February 65 18 34 28
March 60 53 36 | 32
P % 50 ¥ 2
May 58 52 3 36
June 52 R 3 »
July 52 % 3 29
mgust % b 2 8
Aversge Anmsl  60.0 5.3 3.8 29




‘Bruera 13 & spring fed river and shovs remarkably uniform £lows.

The average flow in the medien month year is estimated at about 35 cubie
meters per second {cms) @a compared to ebout 29.5 cms in the dry year,
1950-51. %he lowest mean monthly dlscharge is estimated at 25 cus occuxring
in tvo months of 1950-51. The minimum deily flow is expected to be not
more than ten percent below the minimm monthly average.

According to Thoroddsen, the State Electricity Authority's Hydro-
loglc Burvey hag estimated the £lood of record at 200 ems. Our preliminary
studies indicate that the wmaximum probable flood mey be betwsen 500 end
1000 eme. On this basis we believe that the design should provide
for a flood of not less than 400 cms.

PROJECT IAYOUT

Generel. 'The project ss presented by Thoroddsen coneista of the
following elemsnts: (1) a Reservolr provided by 2 low diversion dom
vith spilivey weir on the Brusra near the confluence with Hruts; (2)
s short hesdvace cenel lesdiing from the reservolr to (3) the power in-
take snd (b) a 2.5 kiims‘ber long woolstave pipeline; (5) & surgetank
Zocated at the downstreen end of the pipeline end connected to (6)

& steel pemstock lesding to (7) & surface poverhouse end eppurtensnces
Toohted m 00 m"aére north-eest of the farm, Efstidalur; (8) s 1000
méter long tallimce cenal discharging into the Bruéra at a bend located
due sast of the farm; (9) an cutdoor switchyard near the powerhouse;
£36) » "Wmiuim line to Reykjavik vith & tie at Ivefoss; and (11)
Noouss roeds and bridges.

-6~



The general layoul os deserized chove eppears on the basis of
present knovleldsz to offiur the most econosicel developnont of the nubural
resources availuble. Tunnel development is not recowszended beeause of
the serlous weter problems thot are ezpoeted to arise in any underground
excavetions. The topography is not suitable for economic development
by canal. Develojment of the head by dams would cbvimusly be unecononical
beczuse of the steep gredient of the river and the relatlvely low flow
availasble.

We agree with Thoroddsen that the Efstidelur Project suould be
deslgned as a base load plont, essenticlly. It appears deslrable, however,
to provide sae pondege for daily paaking in order to permil some operational
flexibility. We believe also that the station flow capacity should be
sanevhat larger than was ascumed by Thoroddsen in his estimates. This
was suggested by Thoroddsen in the text of his report on the busis of
additional streamflow records that became evailsble after he had campleted
the design and cost ectimates. We have essumed for the purposes of this
appralsal that the station flow capacity with the turbine operating at
best gute will be 35 ems as compared to 30 cme assumed by Thoroddsen,

We have estimated the area and volume of the reservoir for a dum

at the location chosen by Thoroddsen. The results are tabulated belows

EFSTIDATUR PONDAGE

Elevation - m Area - n° Volune = m3
152.5 0 0
155.0 15,000 14,000
157.5 | 50,000 90,600
160.0 100,000 275,000
162.5 200,000 650,000

.7 -



We have tentatively selected elevation 159.0 es the maximum operating
lovel with 1.5 meters permissible drawdova. This will provide sbout
100,000 cubic metzrs of storage for daily peaking, and will allow an in-
creage in station flov to 35 cus over & three hour period sssuming a
base flov of 25 cm3, and over a six hour period with & base flow of 30 cms.

Qur comments to the goneral design of the structures are presented
belov:

Regervolr, Dam and Spilluay. The location of the dam and spillway

chosen by Thoroddsen appears reasoneble and was adopted as the basis for
our cost estimete. We suggest, however, that en economic comparison be
mede in the plenning phase of the project with an alternative location
below the confluence with Hruta. A possible alignement 1s indicated on
Exhibit 1. Preliminary estimetes indicatae that 1t will be economical

to provide & gated spillwey section in addition o & free overflow veir.
We have therefore included a tainter gate T meters wide by 5.5 meters
high, end with creat at elevation 155.0 in our spillvay design, as shovn
on Bxhibit 2. 'I‘hs.z gpted pection and the overflow weir, vhich 1:111 total
2% meters long, will occupy the entire width of the river. 'The capucity
of the gate section is estirated st 120 cubic meters with the reservoir
ot slevation 159.0 end at 220 cubic meters per secand vith the reservolr at
elevation 160.0 (we meter surcherge). The ungated section with crest
at elevation 159.0 wil) discharge sbout 50 guble meters per sscond with
the resexrvoir at elevation 160.0. fThe discharge at elevation 161.0 will
be about 140 cubic meters per second. The crest of the dikes on the left
snd right bank was chosen at elevation 161.5 with & low parspet provided



at the upstream face for wuve protection. Floods in the order of 100

t0 150 cuble meters per gecond can therefore be discharged over the spillway
vithout overtopping the dikes, even if the tainter gate 1s inoperable.

As an additional precaution we sugrest that the erest of the dike at a
section where it ¢rosses the Hruta be constructed onc=half of one meter
lower then the remeinder of the dike in order to linit the dannge 1if
overtopping of the dike chould ever toke place.

The design of the spillway as shown on Exhibit 2 must be considered
a8 preliminary only because the data required to determine the tailwater
levels with sufficient accuracy were not available. It is possible that
the gated section chould be located near the right bank, instead of the
left benk as shown on Exuibit 2, because it may give better approach
econditions during floods from the Hruta.

The spillvay structure will be founded on the Younger Biunra Basalt,
vhich is éonsidered to have sufficient strength to support the relatively
low structures required. The rock is quite yc:vious, however, so that
@'outing may be required underneath the dem to reduce leakage. We have
fncluded & lump sum item in the estimate for this purpose.

We have no camsents to Thoroddsen's desing of the left bank dike »
vhich is essentially as shown on Exhibit 3. The problem of leakage
undernsath the dom will require edditional field explorations and study.
The fact that most of the rock 1s under artesian pressure would tend to
reduce leskage, On the other hand, the rock 1s generally pervious end
vith open channels that may require same treatment. We have, therefore ’
{npinded & lump sum in the estimate for foundation treatment. The nsture
4f such treatment will be deteimined on the basis of more detailed field
axplorations.



Intake Conal. Comparative estimstes belween the cost of woodpipe

and canal Indicate that the inlnlke cancl should be rade shorter than
shown on Thoroddsen's drawings. One reason for this 1s that the cannl
wvill be deeper with the higher rescrvoir levels choscn by us. The proe
posed new location of the intoke 1s shown on Exhibit 1, it 1s sbout 200
meters upstream of the locatlion chosen by Thoroddsen. |

We have made only minor changes to the section of the canal ss _
designed by Thoroddsen. The principal difference 1s that wo have strenghtened
tho left embaniment by replacing more of the peat with moreine gravel.

Ouyr proposed @eaﬁ.@n, on which our estinntes sxe based, is shown on Exhibit 3.
A vertical core section as for the' left bank dike would elso be sultable.
Treatment may be required under the embankment o reduce leakege. A

lump sum Ltem has been included in the estimate for this purpose.

m. The intake will be a conventional concrete structure founded
on the Younger Bruara Bassli. The design shown by mé:odmn'is econe
sidered adequate, except that the trashrack orea is scmevhat smaller than
normal practice would &ndicate.» m; can, however, easily be takaan care
of by minor chenges which vould not affect ayprecisbly the cost estimste.

Woodstave Pipaline. The design presented by Thoroddsen of the
woodstave pipeline is based on Scendinavian mctiée and we have no im~

portant coments to meke. The length of the pipe will be sbout 2650 meters.

We have checked the econcmics of the pipe and found that the dlapeter of
3.8 meters as chosen by Thoroddsen vAll also be suitable for the slightly
inereased fiows assumed by us. The thickness of the woodstaves vill be

3 1/8 inches. The steel bands will be mede of flat irons of sbout four

| sguare centimeters crossssection, and will be spaced st approximetely 10
gentinsters,
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Surgetank., Vo agree with the location ond general decizn of the
surgetank as shown by Thoreldson.  Qur only sug_estion is that the orifice
connection Betvcen the piroline and the tonk pr' LCr can be made sunller,
thus reducing the reguired surgatank voluze. Tais would toend to inercase
the portion of the waterhoizner thot would be transulbted fraa the penstock
to the woodstave pipeline but our studies show that the vaterhammer in
the woodstave pipeline will be only five percent of the static head vhich
is considered acceptable. With the smaller orifice the height of the
surge tonk may be slightly reduced even with the inereased stotion flow
capacity and longer pipeline assumed by us. The dimensions of the surge
tonk used in our cost estiunctes are shown on Exhibit %. The thiclness
of the steel in the tank wus estimated at 16 midlimeters at the bottom
and 8 millineters at the top.

We belleve that & surge tank end powerhouse location about 350
further south is worthy of study during further planning of the project.
This location would require a longer woodstave pipeline, but would on
the other hand reduce the powerhouse and tailmée excavations. An
econanie cauparieon based on general design layouts would be necessary
for firal seleciion.

Penstock. A cauparison of eosts, including head losses, between
penstock and tailrace canal indicates that the powerhouse should be
docated farther dowmstream than chosen by Thoroddsen. We assumed a
location about 100 meters forther downstresm. The penstock will be
250 meters long or about 100 meters longer then assumed by Thoroddsen.

The tallrace canal vill be shorter by epproxinately the same amount.

The diameter of the penstock will be 3.6 mebers except in the steeply

inclined section near the powerhouse where it will be reduced to 3.2 meters.



The thickness of the stcel plate will be & millimeters at the surgetank
incx'eaésmg to 13 millimeters at the upstream wall of the poverhouse.
The iaenatock is provided imediately below the surgetank with a Butterfly
Valve for emergency closure.

Powerhouse. The powerhouse is located in & 25 meter deep rock
axcavation at the upstream énd of the tailrace cansl. Access will be
by a r&ad benched out in the right bank of the tailrace canal.

A suggested leyout of the poverhouse is shown in plan on Exhibit 5
and in sections on Exhibit 6. It differs from the layout shown by
Thoroddsen yrincipa.ily in the following espectst ‘

{a) The Ervection Bay floor -13 at the some level as the gﬁmmtar

- figor, This permite & mach lover poverhouse.

(b) The transformer is positioned downstrems of the powerhouse
near the Erectlion Bay. This will reduce and sinmplify the
poverhouss excavation and will be more convenient for the
high tenaim connect:.an to the gwitchyard. ‘

(o} The penstack enters the poverhouse ab right angle.

 {4) Operation of the draft tube gate is from & separate deck
dounstrean of the powerhouéc.

In our eatimaﬁeg of the poverhouse the above changes wra imludea.
although they do not affect the overall qQuantities to any apprecieble
p— . . ) .

!ailraee. We have no comments at this time to the tallracs deslgn
as presented by Thoroddsen. We have assuned the scme teilwater levels

12



and the seme crossesections and elevations of the canal as boses for
our estimates. It will be necessary to establish a rating curve at
the outlet of the canal for the detail design.

Turbine and Generator. We concur in the selection of only one unit

for this pover plant. Two smaller units do not appear to be econcmical
ag the total cost will be gmreatly increased. The saving that may be
achieved by the installation of only one unit initially would not be of
great sipnificance because the second unit would probubly be needed
within two years.

The unit size selected by us will be sbout 25 percent larger than
the one proposed by Thoroddsen. The turbine will be of the vertical
Francis type and will be rated 31,500 metric horsepower at best gate
end T3 meters head. The full gate output vill be 35,000 horsepower
under normal operacing head and with a diachargs of Mt k2 cms. The
speed was chosen at 300 rmm. |

The generator capacity was chosen 25,000 kilovolt ampere at 0.9
power factors The present system power factor of 0.8 4s likely to be
improved in the tutm, possibly by the installation of capacitors or
synsronous condensers.

The plant will be provided with semi-sutomatic control equipment
for remote cuntrol of load end voltage. Starting operations will,
hovever, take place at the plant. Equimeutvuzmobemaedat
the plant to permit complete control in emergencies.

»l3«



Swltelyard and Teanciission Iinc. We huve tentotively selected

138 kilovolts as the most cconoulecl tranwalession voitoge between S£fstidalux
and Reykjuvik. This will elimlnate the need for an auto transformer at

the tie-in with Irefoss substation and thercby also eliuainate one eircuit
breaker. The difference in overall cost between the 133 kilovolt system
and the 69 kilovolt system selected by Thoroddsen is not significant,

but we consider the higher voltuge to be preferable fras an cperational
viewpolnt.

Thoroddgen assuned in hils estiuates that the tranmuission line from
Efstidalur be constructed to the Irafoss substation only and that the
8og Systen wm trananit the pover from there to Reykjavik. It appears
reascnzble, however, to assume tiat the Efetidalur Project should be
charged vmi same portion of the cost of providing edditional tmamiuim
eapacity requived betwaén Irafoss and Reykjavik, We have, therefore,
in our estha taken the most conservative approach and assumed that
the project carry the cost of the entire 1line from Efstidelur to Reykjevik,
& distance of 75 kilometers. This approach was also used in the appraisal
estinates of the Hestvatn end Burfell 60 megawabt mjecta. A nore detoiled
spalysis of this queetionlvould. ultimately be required vhen canparj.ng’ the
eost of alternative developments. '

The main pover transformer s reted 27,500 kilovolt amperes, threes
phase 11/138 kilovolt, 50 cycles. It will be located outdoors near the
main entrence to the poverhouse. Overhead lines will provide connection
with the switchyard, located to the right of the tailrace canal snd downe
streem of the powerhouse at ebout elevation 100.

-12“



POJVER AND EIZRCGY

Energy. The energy output fram the Efstidalur Froject was estimated
on & monthly besis Lfor the medien monthly year as well as for the eritical
year 1950=51. We ascwmed in our ectimates that the highest average monthly
plant factor would be O percent which would result in soue spill of water
during oue month of the criticel year snd during filve months of the median
monthly year. The waount thus spilied would be less than one percent
of the total inflow in the eritical year and ebout three percent in the
median monthly yeor.

The encrgy output in kilowatt hours has been estmated fram the
romulaE-Q.BthxelxeaxQxTwhem

Hn" Net head in meters

0" Overall efficiency

e-,= Water utllizatlon factor

Q = Average station flow

T « Time in hours

The water utilization factor wves sssumed at 93 percent in & critical
year and 95 pex-éan:t in the pedian-monthly year. This factor is a measure
of loss of walter that may occur from leakege, waste over the splllvay
other than that mentioned sbove, and starting of the unit.

Our estimate of the overall efficlency 1s given in the talulation
balov. The tabulation also give the estimated efficlency under peaking
eonditiona.

-l 5-



ror Enersy For Pealing

Istinates Lstinates

Tarbine 0.91 0.88
Génerator 0.97 0.97
Transformers | 0.99 0.99
Tranamission Line and

Station Service 0.96 _ 0.95
Sverell | 0.34 0.61
Readloss - 5.25 meters : T.5 meters

|
The average gross head between the reservoir and the Bruara at the
tailrace outlet vas assumed at 78.0 meters.

The results of our energy estimates are ghown in the tabulation belows

Medlan Month Year | | Critical Year
Average Energy in S Average . Energy
-t az::i:sm mon kvh - sgagogm v tn m:t‘mn. Xvh
Bepmber 32 131 29 1
Outober 354 1h.8 k 28 - 12.2
Bovesiber 2 131 | 25 1.6
Docember 5% 1k.8 33 BTN Y
Jemary 35+ 1.8 30 | 131
yebrusry % 13.0 5 9.9
March 35% 14.8 32 | 15,0
Aprid 35 1k.3 | 28 1.8
ey " R | B 15.3
 June 33 13.5 - 30 o2
July 33 150 29 2.1
Ausgust 32 13.6 28 12.2
' Aumuel Totel 168.2 152.1

#Gome water spilled
16«



We bave essuucd on the basis of tha gbove estinotes thot the Drivary
energy production from the Dfstidolur Project will be about 150 nillion
kilpwatt bours enally. This coupzaes with Thorsldcan's estlunte of 146
million kilowatt hours for s 15 peveent suiller pleat capacity. Secmdary
en2rgy will average cbout 15 millioa kilowatt hours annually. Soum2 of
this secondary energy wmight ve salshle by intogration with the existing
system or to secoudary energy custowrra, but was not considered in the
econoxic evaluction.

Pealing Coovbilitys The depandeable peaking capsbility that the plent

can deliver at Reykjavik is estimated at 22,000 kilovutts. This mny be
reduced slightly during periods of bigh tailwater which is, howaver,
expected to occur very seldon, and would probably oceur outsids the
eritical period.

CAPTIAL €013

Our veview of the construction cost was carried out es an independent
estimate Lased on the modified design ehown on Exhibits 1 through T and
88 described above. The cost estimntces are presentcd in Exhibit 8, which
includes a sumary estiuvate es well as detailadv estimates of the various
yroject'reatwaa. The estimates represent our best Juisnwmt of wunit
prices end lump suus for the various items of work. All costs ere ex-
pressed in U.S. Pollars. The rate of exchunge used for converting
Icelandic Kronur to U.8. Dollars was k3 Kromur to e Dollar.

The estimetes vere prepersd as the result of & detalled quantity
survey based on the dravings referred to above and supplemented by
Thoroddaen's drawings end detalled sketches. The quantities estimted
by us compored well with those given by Thoroddsen for the same structures.
The unit prices used were estimated on the baszis of labor rates and costs

of materiel and equipment as of Octobar 1652, Import duties ond toxes
have been incluled vwhere epplicable o immorted materisls and equipment

-17-



foeluding construction equipunent. The es‘i‘.imate‘ is in this reabecf- comparable
with the cost estimate for the Hestvatn Project and the Burfell 60 megawatt
plant. An allovance was made in the ﬁnit priﬁes for a reasonsble profit

to the sawalveontractor or contractors. |

The estimated cost for permsnent equipment was based on recent quotations
from vellwknown Furupean manufacturers. All costs are for the cqﬁipnent
fully installed and include import duties and taxes.

The cost of land wes not included. The cost of the water rights has
been included s an annual cherge as discuseed below.

A contingency item of 15 percent was added to the subtotal of direct
cost s en ellowance for cmissions and possible increases in quantities
and prices. This allownnce is considered reasonsble in view of the ine
formation available on equipment cost and the éenorally conservative approach
sdopted in establishing }t.he cost of the structures.

An allowsnge for price escalation of five percent was added to the
setinated subtotal including eontingencies. nis sllovance s considered
appropriste and reascnsble in view of recent price trends in feeland and
Western Furope. | , | -

The addition of the escalation allowance established the total direct
eost. An allovance of eight percent of this total direct cost but withe
out import dnties and taxes was then spplied to ailm; for sueh mire%
soste M design engineering, mum of constructicn and owmer's



& further allovance of (100,000 vos made to cover the estimabed cost
for prelinicory plonming Losie to declisn and for neccicory ield investe
lgations. These additions resulted in an estiuoted Totol Construetion
gost of $3,300,000.

Financing terms zre, ot prescnt, not established. The cost of intercst
furing construction can thereforc not be eccurutely determined. However,
th: sost nommelly emounte to sbout three to four percent of the constructlon
¢t for each year of éonstructiqn. An ellowunee of seven percent of total
eonstruction cost was, therefore, made to cover interest during the estinated
twvosyear construction period. This addition resulted in an estimated
Totel Investment of $8,900,000.

The cost of establishing working capital end interest reserves vas
not included and may not be required.

Our estinates show that the foreign currency reqpireﬁent will be
the equivelent of ebout $5,250,°00. The expenditure of local currency
fo estimated at $3,650,000 or 157,000,000 Iecelendic Kronur, of vhich import
duties and taxes amount to about 75,000,000 Kromur and locel lsbor and
meterials to about 82,000,000 Xromusr.

Cur estimate is sbout 50 percent higher than Thoroddsen's estimate
of 251,000,000 Kromur, or about $5,850,000. A comperisen of the two
estimates are tabulated below:

~19=



Them -+ Thoroddsen llurza
Powerhouse Structures - $ 295,000 $ 303,700
Reservoirs, Dams and Waterways 2,480,000 3,530,650
Turbine & Ganerator 685,000 728,000
Accessory Eleétrical Equimtent 86,000 135,000
Miscellaneous Power Plant Fguipe |
mest . | | - 74,000 284,000
Roeds o 26,000 26,000
Operators Village Included Above 35,000
Tranauission Plant 176,000 1,341,000
Subtotal Direct Cost ;122,000 6,333,020
Contingencies 828,000 956,980
Cost Eecslation o None | ___3_6_9_,___
Total Direct Cost k;»sso,ooo 7,700,000
Engineering, eto. - ‘ k00,000 500,000
Prelininary Investigations None 100,000
Total Construction Cost 5,350,000 18,300,000
Interest During Constwustion 500,000 600,000
Total Iovestment $5,850,000 48,900,000

In comparing the above costs it should be yecognized that cur
estimate is for a project with about 18 percent 'uraar plant capecity

snd vith 1.5 meters higher reservolr level. Our estimate for the transe
mission plant includes not only the line to mrm vith a tie«in there
as asmmed by Thoroddsen but also the A5 kilameter extension to Reykjavik

20«



. Y e My v oty e T I RO Ry 5 AT, fhe Tha S - N LTRSS SRR Py . R .
and Lhe poceucory wlditlcons to the Illidar fubstobicon. We hove roducsd

the contingeney allownuce frem 20 to 15 poveunt, bub this iu offuct by
our incluslon of & § porcent wllownnes for cost escalation whieh vos nch

ircluded by Thoreddsen. fnother itea included by ws but not by Thorodduen

1s the cost of preliminary investirstions.

ATUAL COTES

The anmual cherges agninct o pover system include intercat on ine
vested cepital, deprecicotion of the installation or smortization of ine
vestment, operation end maintenance expenses, insurcnce, and texes.

Ve hove estinioted the snnual operation and maintenance expenses of
the Lfstidalur trojeet including the transmission plant to be $95,000.
Shis 1is based on the assumption that normal operation of the plant will
be semiezutonetic. This ncans that voltage and lead reguletion will be
by remote eontrol, vhereas the starting of the units will be at the plant.
Ve assumed that two attendants will be stationed at the plant at all
times. Maintenance other than delly routine work will bYe by a sepsrate
erov, |

Insurance and taxes were not included in our estimates of snnusl
eharges,

Interest and amortization charges (debt sefvice) vill represent
the mojor portion of anmual costs. This cost will, however, not be known
until such time as the financing terms are established.

Conpensation for the use of the water ripghts was included &s an

anmual cost. This anmal cost is considered to be the falr return en

«Ple



the value of such righta, which are not lmown definitely. We have elso
Ancluded reserve funds as on a.rmual caurge token at ehout one percent of

the estimated total construction eost. These funds ere required s a sinking
fund to cover expences of sn extraordinary nature not otherwize covered

by insurence or normal mainterance.

The esbbnﬁted armeal costs other than debt service will then be as

followss
Operation and Maintenance $ 95,000
Water Rights end Rescrves 110,000
Total - $205,000
ERIMARY ENERGY COSTS

No considerstion was given to the income from the sale of secondary
energy in the evaluation of unit energy mst; ' The anmual primry energy
was taken at 150 million kilowatt hours dalivered et neyk.javik as esti-
Med above.

 Inssmuch as the tinamins terms have not yet been established we

chose to‘ms«ant the estinate of unit cost ot'energy as a graph for &

range of amual debt service expressed as & pereentage of the total proaeet'
investment of $8,900,000 over a range of five to nine percant. This greph
is shown on Exhibit 9, It includes, of course, the other estimated anmial
eosts mmounting to $205,000 es & fixed smount not varying with the debt
service. The estimated unit cost is as dalivered at the low tension side
in Reykjavik, but does not include any sllowance for profit. Imnoz“h

duties and taxes are mcludna as apprapriate on imported materials and

«2lw



equipment in the estlunie of copitul escta. It ehould Lo nobed that the

estimate elso inclulss the eatire cost of the trunsalssion line to Reylkjavik.
The graph shows that the cost of prinory energy would be in the order

of five to six U.S, mills per kilowatt hour for th~ more comuwon finencing

conditions. An interest rate of five percent and a LO-year anortization

yperiod will give a unit energy cost of about five mills. A 25-year

smortization period &nd six percent interest rate will result in a wnit

cost of ebout six mills. The total estimated ennual cost in the latter

ecage 1s epproximately ten percent of the totel project investment, a

valune vhich was used by Thoroddsen in his estimate of the energy cost.

~23-



E
:

LI Y R I

LIST OF EXHIBITS

Title |
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Cost Estivates { 8 shests )

Unit Cost of Energy



R A )

NYELNY [ L[ VIUYN ¥O4 QIVVEINS

VANI 40 NOILI3S
GNVY WVYQ 40 NVId
123rQ¥d  ¥MVAILSI3

ONVI13D1
ALIMOHLNY ALIDINAJ3TI 31VLIS 3IHL

umoys so (daox3
T T
SJ3JAN G 0 9|oog e
SJajaiy 00! 0 3joag

TVNVO FOVHAVIH GNV WVO 40 NV Id

[ sroe oy P\

I
8did arpys pooy

\

INVINI 40 NOILI3S

 wopans inosg
48Ul 1995 ' 1y
PN T o

VY S VI o | |
=FT T T — * — ] S .
H u It m - . “F= |rml \ 9
L b | AR . | .
- dp TR s,m
T T Ty | iy ¥2044s0.4
g . M . k 3 - WOp JO SIXO PAIIDULS} Y —=
: 2 . . - padd
) " \ - - L\ f ~,
- N N
R, A\\

,,%

e N - GZG/1F wrw
A - ’ A . ‘ - _— . —

Dl et

NE T Suiviop =
RE =S \ i A
Vo913 N\ 065117 ons052.r10m

Jo01s boy doys MO/

1I81HX3




LNt 4 L4 VINYR W04 TINVEINS
AVMTdS
103r08d  ¥TYAILSII
GNVIIN
ALWOHLMY ALIDWIZ313 31ViS 3HL -
Tt .
SOl S 0 203g
8-8 NOILIO3FS V- NOILO3FS
X ¥
I - X. X X ‘e S
Y t. ST Y ¥ s R &
M. pewnssy. ML pownssy_7 i i 065113
N.G/G/l/F /oW ion ul : G2 Gl 13 JOWLON UIW
] =——_\06G/17 /oULIoN XOH Ybljwe G Aq apim uiy . —LOEG/!F JOUION XOW
mQ.Q.o\ 13 oo/ Xop 9406 J434uiDf | K009/ 17 poor4 xow

519/ ISI0H 19113

NOILVATTI WV IHLSIN

]

41

.

191137

I

¢ LIBIHX3




TYNOLLYNUELNI ANVANOD DNINIINIOND VRUWYN ¥O4 0UVIIWd

VZUVH

SNOILI3S
TYNVO DVHAVIH ANV Wva
123r0¥d  ¥NVAILS4I

ANVI31
ALIMOHINY ALIDIHLD3T3 34VIS 3HL

qll.l]ulJ
SJION G 091023¢

vY¥vnNge 40 1Sv3 Wra@-nNOIL23S

uIDIIND IN0J9

190JINS  8]8I2U0D \\mE\ Y204 pawnssy
L1 Y £ ar Yy

2 QUIDIOY) =3 2 o= e o o T

N dos-diy Z 105 A
Y

s

e
e .
e e )

ANN/7//4 A\N///4

_ ) RN R s
ouy - punosb Eﬁ.ﬁu\ 804 Yooy o< 22\ A D e R 6251 13 U7
- ..h.“f” S oy T T m————
<9411 R J;
7o 009/ 13 41071350 XOW
_...FIQsVJ uoi128404d aADM

TYnYo —ﬂQYQQYh.t 40 NOILI3FS

upyano ¢nosg—§

A v ¥
oW

1034

<

009/ 13 0118552 X0

wop 3 10up2 37
€ LgiHXx3

e e —— — —— — —
— e — " ——— —— —
— — o —




o Tk IN

YNVL 398nS

10370ld HNMIVAILS4I

aNvI3
ALIMOHLNY ALIDN 10373 31VLIS 3IHL

CETLEES

SJIN G

TYROILYNUBLNI ANVENOT DNINIZNIOND VZIUYH NO4 GIUVING

oeel 13 NVTd

NOIL23S TYNIGNLIONOT

¥ 118IHX3

MOyjI370 8pinb o}
UOIJDADIXD MO)/DY,

N0 |

ﬁt,%ﬁh&

3 A
: remm et A T AL [ L . [ L
[ D [ e A S
- i Lbuwy 1994s H
4 -e— et et B - . N -
? - - == N
088113 u\ y 7! ._ D,
| Vo a] == ‘
*8\%&&\ ; d._l\_. < a] 4 a (uw_
5 9 8. s
JOGQUIDY. w\u\_.\JWW ,‘H.L. N% 0% D8uD So1j1I0 8did aApjs poom
_ .
. _
| N ozp113 umopmolp xop
@ 7 Dl
w_Qh (74 ~ appo
;'Y ‘V/ ‘
a i% ~—oayout Iy
=/ — S ST TF S F |
buiosado jow.s0n
woeg vla :
—— e
. 99/ 17 864ns xXop
—‘ \ —, 1 _. ! i
e e e s S 1 nm.i.m.‘._—iw.i_ :.dth\.\b do;
v 1vi30
A . f
‘I w (V\11019p 99S) dij mojyuero Aousbisw3
A ! i
* i
H .
“ i
. !
e
N
i
'G9/1F 158,
Aomyjom h.h..m\m §5849




o oo Sauvery  FoM
YL . N

TYNOILYNUILNI ANVANOS ONINIANIONG VYIWYN W04 GINVdING
NOLLYA3 13 ONV NVId
3SNOHY3MOd
133r0ud HNIVQILSI3
ANVIIN
ALINOHLAY ALIDIN1D313 31VIS WL NV Td
S ) s
T ! TR W
SJ9lopN G 0 ?9)03§ _ ] :
NOILVAZ I JOUDD 820410/ : v
, 3
. 4 g
i s ﬂ.o.wb eqny (jo4q : Q
s |
L Y —
rv - P . P <
A
JOWI04SUD LY wu
C m J
“ . 14
= SO Y | .
1L | &
1 | i | !
= i Abg o843
Hez s J | \le ! !
) f
YV \\\ ;| e ’M’ —_— i -
Lo ]
- - - - ~_—
\w o= s T
. — —auy MES.B bunsixz
—
Yo0/5U8y !
S LIgiNX3




A )

ANVJNOD %Rw 1ON3 VZUVH

NOILO3S 3SU3ASNVHL

IVNOLLVNVILNI ANVENOD ONINZANIOND YIWVH ¥OJ QJWVEINJ

3SNOHYIMOd
123rQ¥d HNIVGILS43
ONVI3N
ALIHOHLINY ALIDINLDFTI 3LVLIS 3HL
$JOION G 0 dod§
| s e rararnas SACRPUCT=I
Hl\.ul’lbu - . .W. ourguny
6vL 13 —N | y UIDIp Y90}5Udg

= BT g |

01813 Joinqrusip 3 -7 k‘_ e LNl -

91813 ML fowson—| T T e e i o w
o/0b eqny ‘\EQ\I/T , o7
CRAT | T
| doys NEWAN
; A= = 2 T
89813~ __ N ; )
TG, =
S JOJDIOURD
upJH 821440 2
NG »

~ ouUDJ)

w0/on] Jomod 60 ID DAY ODO'GZ POIDY -JOIDIEY
‘PDIY JoU SSBW £/ {0
dY apew OOOGE ‘WdJ OOg ‘SIduDIS © auIgIn

9. L18IHX3

Ul Y204 pewnssyy.
ouy punosb buisixy

/
/
/

/

s1Dq Joyouy
N N\ TS
, . — cve o - .-
~ ==
=) ~ 2
vy
o /%.\.F \
O Sy —
ot —
*o@.—.swo‘.wV

¥20/9 Joyouy.




EXHIBIT 7

To Reykjavik
Via Irafoss

=

/=138 KV
Type OA/FA/FOA

15720725 MVA Local distribution

R

nKw

@ A
» Eac
Z( 1/, 000 2307480 Vv
Gen. T 300 kvA dry type

T—«-"e
<

1KV, 300RPM.
50 cycles

25 MVA. O9PF ‘r

Station %,
erwce

e— >
2307480 V.

Grounded
neutral

LEGEND

( " Draw-out lype air circuit breaker
Xl Disconnecting switch
_{;/ -| Grounding switch

Cable rerminal

"ICELAND

Generafor EFSTIDALUR PROJECT

Resistor ONE LINE DIAGRAM

@ Transformer THE STATE ELECTRICITY AUTHORITY

HARZA ENG) COMPANY
APPROVED [ 4L

PREPARED FOR HARZA ENGINEERING COMPANY INTERNATIONAL

CHICAGO,ILLINOIS l N:Tzusaz T No: 299P7

HeE PHOENIX Nise ®
® Tvracina cromw



COST ELVLIIE-SUIIORY

Exhibit 8
EFGTIDALUR PROJECT

Sucet 1 of 8

Total wfo Iuport Duties Total with Duties
Duties and Taxes end Taxce and Taxcs
Iten u.B. § u.s. § U.5. {
PRODUCTION PLANT
Powerhouse 245,865 57,505 303,370
Reservoir, Dams, & Waterways 2,869,065 661,585 3,530,650
Turbine and Generator 542,000 186,000 728,000
Accessory Electrical Equipment 100,000 35,000 135,000
Miscellaneous Power Plant Equip. 212,000 72,000 284,000
Access Road 22,000 4,000 26,000
Operators Village 32,000 3,000 35,000
Bubtotal Production Plant %,022,930 1,019,090 5,042,020
TRANSMISSION PLANT
Efstidalur Substation 77,000 28,500 105,500
Transmission Line 712,500 225,000 937,500
Irafoss Substation & Control
Room - 84,000 28,000 112,000
Ellidsar Substation 137,000 k9,000 186,000
Subtotal Transmission Plant 1,010,500 330,500 1,3k1,000
SUBTOTAL DIRECT COST 5,033,430 1,349,590 6,383,020
Contirgencies 15% * 156,570 200,410 _.956,980
Subtotal 5,790,000 1,550,000 7,340,000
Cost Escalation 5§ + 280,000 80,000 360,000
TOTAL DIRECT COST 6,070,000 1,630,000 7,700,000
neering end Supervision,
of Direct Cost w/o Duties
and Taxes 500,000 500,000
Preliminary Investigations 95,000 5,000 100,000
TOTAL CONSTRUCTION COST 6,665,000 1,635,000 8,300,000
Interest During Construction T$ + __ 485,000 __115,000% __600,000
YOTAL PROJECT INVESTMENT 7,150,000 1,750,000 8,900,000

# Interest on the cost component from duties and taxes,



Ixhibit &
Shect 2 of 8

CluT rognyes

LUSOIDALUR PioJocT

Import Duties

Unit Prlce# Aiount* and Taxes
PRODUCTION PLANT
POWERHOUSE
Excavation, comuon 9,130 n3 0.95 8,675 1,505
Excavation, rock 8,750 m3 6.00 52,500 8,650
Foundation preparation
and treatment L.8. 10,000 1,800
Concrete, mass 630 m3 35.00 22,050 3,780
Concrete, structural 1,000 n3 80.00 80,000 20,700
Reinforcing steel 95,000 kg 0.25 23,750 7,600
Miscellaneous metal 7,300 kg 1.20 8,760 2,628
Backfill 130 m3 1,00 130 22
Draft tube gates and guides 13,500 kg 1.00 13,500 k,050
Draft tube gate hoist 1 ea. L.B. 5,000 1,600
Architectural trestment
and miscellaneous L.8. 21,500 5,160
BURIOTAL POWERHOUSE 245,865 57,505
RESERVOIRS, DAMS, AND WATERWAYS
BARTH DAM EAST OF BRUARA
Excavation, common 56,500 m3 1.25 70,625 11,865
Excavation, roeck 1,000 m3 6.00 6,000 990
Foundation prepsration
sad trestuent L.B. 60,000 10,800
Tapervious core 13,400 3 2,25 30,150 5,025

WATESAE Taport Duties and Taxes



COST LSTIIATE

EUSTIDATUR FPROJICT

Ttem Quantity
FRODUCTION PLANT (contirued)

RARTH DAM EAST OF BRUARA (continued)

Gravel filters and £ill 34,000 n3
Riprep lining and rock toe k,%00
Miscellaneous

SUBTOTAL EARTH DAM EAST OF BRUARA
SPILINAY AND RETAINING WALLS

Excavation, cormon 100 n3
Excavation, rock 1,350 m3
Foundation preparation

and treatment
Concrete 2,650 m3
Reinforcing steel 100,000 kg
Gates and frames and guides 10,000 kg
Hoists b 3
Miscellaneous

Cofferdans and pumping

BURTOTAL 8PILIMAY AND RETAINING WALLS
Excavation, coemon 140,000 m3
Exomvation, rock 5,000 m3

Foundation preparation
ad treatment

WThout Tmport Duties and Taxes

Unit Price#

us. $ -

1.90
2.50
L.SQ

1.50
T.00

L.8.
38.00
0.25
1,10
L.5.
L.8.

L.8,

0.95
6,00

L.8.

Exhivit 8

Sheet 3 of 8

Anownt#
U.c. § -

€4, 600
11,000
1,000
243,375

150
9,450

11,500
100,700
25,000
11,000
5,000
1,000

_1h,000

177,800

133,000
30,000

50,000

Linpoxt Duties
a:nd Taxes
U.8. &

10,710
1,850
180
k1,420

30
1,620

2,070
16,700
8,000
3,960
1,600
240

2,520
36,740

21,000
L,950

9,000



L:hivit 8
Sieet % of 8
CC.70 roriila
LiCUToniim Paldicy
Irnord Tuties
Unit Feioco® Loount¥* and Taxcs

}_tﬁ'q Quentity y___i_f____}_ y__f_n___fz‘_)- w
PRODUCTION PLANT (continucd)
HEATRACE CANAL ALD DI {continucd)

Impervious core 9,600 w3 2.2 21,600 3,600
Gravel filters and fill 43,000 m3 1.90 81,700 13,550
Riprap lining and rock toe 9,000 n3 2.50 22,500 3,760
Miscellancous L.5. 10,000 1,800
SUBTOTAL HEADRACE CANAL AKD DIXE 348,800 57,680
INTAKE

Excavation, comnon _

{included in headrace canal) n3 0.95

Excavation, rock ) 100 3 7.00 700 120
Foundation preparation

and treatment L.B, 10,000 1,800
Concrete 1,600 m3 L5.00 72,000 12,000
Reinforcing steel 45,000 kg 0.25 11,250 3,600
Trashracks 12,000 kg 0.75 9,000 2,640
Service gate and guides 6,800 kg 1.25 8,500 2,590
Hoist L.S, 5,000 1,500
Bulkhead gate and guides | 5,000 kg 0.90 4,500 1,000
Migcellaneous L.S. 10,000 _1,800
BUBTOTAL IWTAKE 130,950 27,050

¥Withoat Impoit Duties and Taxes
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Unit Price#® Anount¥* and Taxes
Iten Quetity S § - US.§  Us. 4
PRODUCTION PLANT (continued)
HEADRACE PIPE
Excavation, common 50,000 m3 1.50 75,000 12,750
Excavation, rock 2,000 3 7.00 14,000 2,400
Gravel f£ill 27,000 n3 1.90 51,300 8,505
Cover £111 19,500 w3 1.00 19,500 3,215
Wood - stave pipe, 3.8 m dfa. 2,650 m 350.00 927,500 278,250
Miscellaneous L.B. _20,000 )
SUBTOTAL HEADRACE FIPE 1,107,300 309,920
SURGE TANK |
Excavation, common 600 m3 1.50 900 155
Excavetion, rock 100 w3 T.00 700 120
Concrete 1,230 m3 45.00 - 55,350 9,225
Reinforcing steel 11,000 kg 0.25 2,750 880
Bteel, tank 133,000 kg 0.70 93,100 29,260
Bteel, condult liner 24,000 kg 0.65 15,600 k,800
Miscellaneous metal 7,700 kg 1.20 9,240 2,775
Yalve, 3.6 n ala. L,8. 64,000 20,480
Migcellanecus L.8. 10,000 _2,k00
BUBXOTAL SURGE TANK 251,640 70,095
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PRODUCTION PLAUT {contimued)
PENSTOCK

Excavation, comon 3,800 n3 1.50 5,700 990

Excavation, rock 400 m3 7.00 2,800 480

Concrete 1,130 n3 55,00 71,500 10,170

Reinforcing steel 22,600 kg 0.25 5,650 1,810

Steel plate 223,000 kg 0.65 14k 950 L4, 600

Miscellaneous L.S, 2,500 ks
BUBTOTAL PENSTOCK 233,100 53,500
TAILRACE CANAL

Excavation, common 198,000 3 0.95 168,100 29,700

Excavation, rock 56,000 n3 3.00 168,000 26,880

Cofferdams and pumping L.8. 20,000 3,600
SUBTOTAL TATIRACE CANAL _376,200  _60,180
SUBTOTAL RESERVOIRS, DAMS & WATERYAYS 2,869,065 661,585
TUREIME & GENERATOR

Turbine and governor 1 L.8. 192,000 66,000

Generator and exciter 1 L.8, 350,000 120,000
SUBTOTAL TURBINE AND GENERATOR 542,000 186,000
ACCESEORY ELECTRICAL EQUIPMENT L.5. 100, 000 35,000

FIthout Import Duties snd Taxes
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It Quantity  US. $ - LS. § us. §
PODOCTION PLANT (continued)
FOWEREOUSE MECHANICAL BQUIEILT L.5. 212,000 72,000
ACCESS ROADS L.8. 22,000 %,000
QPERATORS VILIACE L.5. 32,000 3,000
BUBROTAL PRODUCTION PLANT 4,022,930 1,019,000
SRANSMIESION PLANT |
EVEYIDALUR SUBSTATION
Transformer - 25 MVA 1 64,000 64,000 25,000
Foundations, grading, structures L.B. 8,000 2,000
Bwitches, conduits, etc. L.8. _5,000 _1,500
’ 77,000 28,500
T38 kv single circuit on wood poles 75 km 9,500 T12,500 225,000
Circuit breskers 2 27,000 54,000 18,000
Carrier current equipment L.8. 6,000 2,000
Grounding, condults, etec. | L.8, _3,000 1,000
SUBTOTAL IRAFOSS SWITCHYARD ADDITIONS 63,000 21,000
TRAF0SS CONTROL ROGM ADDITIONS L.s. 21,000 7,000

Wiithout Import Duties and Taxes
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TRANSMISSION PIANT (continued)

ELLIDAR SUBSTATION ADDITICIS

Transformers - 25 MVA 1 64,000 64,000 25,600
Circuit breaskers 2 27,000 54,000 18, 000
Btructures, switches, grounding, ete, L.8. 19,000 _6,000
SUBTOTAL ELLIDAR SUESTATION ADDITIONS 137,000 49,000
SUBTOTAL TRANSMISSION PLANT 1,010,500 330,500

‘Witbout Import Duties and Taxes
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Debt Service in Percent of Project Investment

l. Total project invesimen! § 8900,000
2. Annual cost other than debt service

£ 205,000
3. Mo allowance made for income from sales

of secondary energy THE ST :
4. /mport duties and toxes included HE STATE ELchCzImg‘TY AUTHORITY

EFSTIDALUR PROJECT

ESTIMATED COST OF
PRIMARY ENERGY

HARZA ENGI E%g COMPANY
APPROVED.. - L
OW

PREPARED POR WARZA ENGINEERING CONPANY INTERNATIONAL

AY N 3
SHICAGO,ILLINOIS Dm..e-gez I oo 293 P9

PHOENIX Nise *
K.E ® rracing cLotw





