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Adr Ma1l

The State Electricity Authority
P, 0. Box 40
Reykjavik, Iceland

Subject: Burfell 60 MW Plant
Appraisal Report Summary

Qentlenen:

We sre plessed to present our Appraisal Report on a 60 megawatt power
davelopment et Burfell. This project is approximately in the same
location as the "Upper Altermntive" presented in our Appraisel Report
of March 30, 1962, end will develop essentlally the same gross head

of shout né meters by a diversion of the Thjorsa north of the mountain,
Burfell, into the Fossa. The generzal project plan is also similar.

The 60 megawatt installation will, however, utilize a flow of only 58
cubic meters per second at best efficlency as compared to 145 cubic
metsre per second for the 156 megawatt project considered in the March
1962 Report. The detailed studies presented in the main body of this
report are on the basis of an installation of two units of 30 megavatts
each. Information obtained from the field investigations carried out
this past summer is reflected in the project layout end the cost estimntes.

Our estimate of the Total Construction Cost of the Project including
trensmission to Reykjavik and tie-in with the existing system 1s $17,980,000.
This amount includes allowances for omissions and contingencles, escalation,
and such indirect cost as preliminary investigations, engineering super-
vision of construction and owner overhead. It also includes import duties
end taxes on imported materials and equipment vhere appliczble. Our
estimte of Total Project Investment is $19,800,000. This amount wes
determined by adding the estimated cost of interest during construction

to the Total Construction Cost. The cost of establishing working capital
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and interest reserves was not included and may not be required. VWe have
estimated that the requircuznts for foreiga currency will bz about
$10,800,000. Import éuties and taxes will amount to about 148,000,000
Icelsndic Kronur or ¢bout 17 percent of the Total Investuont. The
investauent required for an initial installaticn of one 30 MY unit

only is estimated at §18,000,000.

The flow of 58 cubic metzrs per second is less thun the estimated minimum
flow of the river and will therefore be avallable 100 pereent of the

tinz. The deldvered ennmusl prinary encrzy is estinzted at 470 million
kilowvatt hours. This estiuwztz includzs allowances for all losses snd

98 percent utilization of the flow of 58 cubic metsrs per sccond. Soms
high grede secondary energy will be available by turbine operation between
best gate and full gate bul wes not ewluated. The peaking copcbility

at Reykjavik will be about 62,000 kilowatts.

Our estimates of the anaual costs includz operation end maintenance,
resarves, water rights, and debt service. The ds=bt service will depend

on wltivate financing terms which are not known at the preseant time.

Cuy estimats of unit energy costs are based ons (l) ths sale of the
snnuel prizary energy of 470 million kilowatt hours, (2) anmual cost

other then debt service of $430,000, snd (3) 2 ranze of level debt service
expressed as a percentage of the Total Project Investment. We found

ou this basis that the wnit cost of priwary energy vearies on a nearly
gtralzht line reletionchip from 3.0 mills U.S. for five percent to 4.7 mills
for nine percent oi debt service expressed as noted above. Apn amortization
pericd of 25 years and six percent interest rats would result in a unit
cogt of about 4.2 mills U.S.

This 60 megewatt project eppears to represent & sultable increment of
pover to meet the normal future load growth in Southwest Icelend. We
believe that 4t will compare favorably with alternative sources of
pover available, especially in view of the fact that future expansions
and increased production will reduce substantially the aggregate cost
of powver and enexrgy from this large resource.

Ve apprecicte very much the opportunity of providing the engineering
service, represented by this Report; to you.

Very truly yours,
HARZA ENGINEERING COMPANY INTERNATIONAL
<« X’_’,’?Lf’;@“/‘;)

C. K. Willey
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BURFELL PROJECT - 60 M7 PIANT
TABUTATION & SIGNIFICANT TATA

Drainage Ares
Averags Discharge
Probable Maximum Flood
Normal Headvater Elsvation
Kormal Tailwater Elevation
Iength of Heasdrace
Width of Headrace Qannls
Penstock Disnmetar
Penstock Iength
Powerstation, type
Tailtunnel, type
Iength of Tailtunnel)
Tailtunnel Diameter
Heazdlosses at normal flow
Headlosses 8t peaking
Turbine
Tumber
Type ,
Capacity at 114 meters rated head
Discharge at best gate, rated head
Speed
Genarotors
Humber

Typ=
Rating
Power Factor
Voltape
Cycles per second
Mein Tronsformers
Type
Rating
Voltege
Main Transmission Line
Iength
Yoltage
Humber of eircuits
8ize of conduits
Construction

111

6380 8q. km

338 cas

Ti50 cms

2h2,5 T

125.0 %

3000 n

20 m

3.8 n

135 n
Underground
Bubucrged, Concrete Lined

1750 n

k.5 m

bon

5.0m

2
Francis
49,000 Hp
29,0 cna
333 mpm

2
Yertical)-ghaft

33,333 kva
0.9

13.8 kv
50

Outdoor - Three phase
0A/FA/POA
22/29.4/36.T mva
13.8/138 kv

103 km
138 kv
one

LTT MO
Yoodpole
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Thls Agpruloal Tepoart paeconts 8 layout und o coot estinate for an
Anitial 60 meguwutt powce plont on the Thloris ot Duriell. The projoct
locutian und the gross kaad dvoloped will e essentially the swne oo
for the Uppor Alternative pocented in onr Appsuiscl feport, dated
Marceh 30, 1952‘ Tan project will develop cbout 110 maters of gross haud
by o diversion porth of the mouniain, Burfell, iato the Fopsa River about
tvo Rilansters wpotrens of 1ts confluonce with thn fhjlorsa. TShe general
Jocution ia shown an the Koy Plon of Exhiblit L.

Tha 00 M¢ inotellution will dovelop only & macl) portion of the total
potential of the pite. Lo project plun tuelades, thorclore, minimm
provisions that are reguired in order to poruit futne extensions, The
proasont plan is o rune-of-river dovelopment vhich permits the future cone
stouction of a stomgy dun and reservolr 1 eonpldned desirablo. The
weter surply will boe no prollcda with thds inltiald project because tho
miniris flow of the riwer 10 esliimted to bo groutor than the mudimnm twdino
flow copscity. Tho averces £low is wbout i tinco the station copuclty.

The project estimto precented heredn i for o two-und? Installaticon,
gach untt mted et 30,000 kilovatts. Also included 18 an egtinate of the
cost with only ont unlté provided &nitially.



BESCRIPTION OF FLoilouiod 5 om mos g

A D O s S YA

m generul loyout of o Durfell 00 missadt plunt tu ohiown on
Bxbibit 1 It will conolst ofs (1) 5 dlversion cuoad leading £rom the
wiver &t & yolob wbout 4.5 kilouctors woticwa oF the low weterfull,
Trolikoauhlowp, 0 (2) & boudiuce pond fousd Ly 4 dlie uerose the atrewm,
Biosmadackury €3) un inbeke cunal consccting the yond with (4) the pover
intako and slulece slructure Jocated ot the divide Vetweon the Thjorsa wod
Yosaa Bosins wbout 300 meters novth of the suddle betucen chalayfell end
Bomatadamuld, tvo smeliar noamtsine north of Burfolly (3) one verticsd
pregoure shatt (penstock) leuling from the intoke to (6) en wnderground
poverntation; (7) a tolltuoosl end o short canal temminating in tho Foses
Rvery (8) a switchyard; (9) accensa focilitios and un operutors villagsjand
{10) the moin etation equiymwnt.

Ihe locstion of the powerstuticn 18 pow well dofined on the Lasls of
the relstively extesslve mbswrfece explorstions that have been carxied
ot during the past mazoor. Minor edjustoents that may ccour during
detalled plamning, ero not expected 0 have a siznificant bearing on overw
sll coste. The location of the diversion cunal wus selected on the Dasls

of cconcie studies 1n camection with the planning of s larger develope
wint at Burfell.
Piversion Canal

The general plan abd section of the dlwernion corul 4s shovn oo
Bhibvit 2. The cunal will extond from the right bodk of the river west-
waxd for aboud 1.3 kilamsters into e depression dmined by the Blarvalachuts
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The flow will enter the canal through a wide and shallow trench excavated
in the river bed and extending out to the deepest channel. This exeavation
¢an be accomplished wunder water without the need of a cofferdanm.

A welr acrosa the river to divert the flow into the }ea.nal is con-
sidered not necessary because the station flov will normally be only a
fraction of the river discharge. A concrete shear wall will be constructed
across the canal in line with the right bank of the river in order tu reduce
the amount of ice entering the canal. The water will flow underneath the
wall at low velocitles.

The excavation in the river will slope down to elevation 23T at the
canal entrance near the right bank. From this point on the 20 meter wide
canal will be construweted with a gentle slope towards the depression. The
vater level in the canal will be slightly below the natwral river level,
vhich is approximately at elevation 243.0 for nomal discharges of 200
%o 40O cubic meters per second. At normal cperating conditions the
velocity will be about 0.5 meters per second. JMost of the excavatiom,
inecluding that in the river, will be in Thjorsa lava. The intake for future
developments will begin downstream of the canal entrance, to permit cone
tinuous operation of the intiial plunﬁ.

Blarnalaskur Dike

A rockfill dike with a vertical impervious core will be constructed
scross the Bjarmalaekur. The right abutment will be on the northeast slopes
of Skalarfell. The left abutment will tie into & rock outerop rising to
slevation 245 on the left bank of Bjarnmaleekur. The dike will have a crest
at elevation 245.5 and will be designed for future raising to elevation 251.0.



The rockfill dike will extend northeasterly for about one kilmtef
from the rock outorop and terminate at somewhat higher ground sbout
h0O meters southvest of the diversion canal entrance. This dike
axtansion will be under very low water pressure and is planned without ax
impeyvious core inasnmuch as some leakage will be permissidle. However,
thwe lsakage may be reduced by the placing of impervious material on the
wpstyean slope of the rockfill, if necessary. The rockfill will be
Placed on rock and will serve es a cofferdam and upstream toe of the
bigher dike required for the future development.

Bxteke Canal

The intake canal will connect the Bjarmalaekur Pond with the power
dntake. It will be about 500 meters long and of the same cross section
as the diversion canel. The bottom vill be at about elevation 235 with
o slight grade toward the intake. The oanal will be widened and deepensd
o assure low spproach velocities under all operating conditions whens
ever sdditional power capacity is sdded.

Fower Intake and Sluice Structure
The genersl plan and sections of the power intake and the siuioe
structure are shown on Exhibit 3. The intake will be ons Day only

Jooated at the top of the pressure shaft. The slulcs strusture s located
in & chanoal that leads from the esouth end of the forebay to the outlet on
the west slopes of Skalarfell. Future extensions of ihe intake will Pe to
ths porth and svay from the slulce structure.



The intake will form the entrance to the vertical pressure shaft,
and will be provided with a removeble trashrack and an emergency gate.
Concrete construction will be utilized except for the deck whieh will be
made of esteel to facilitate future ralsing. The i1l will be at
elevation 231 or about two meters above the bottom of the forebay. The
trashrack will be submerged about two meters below minimws operating
level and will be made removable. Stoplogs may be inserted in the trashe
rack slots vhen required. Heating of the trashrack will Ve provided to
minimige the possibility of clogging by ice. A moveble hoist will be
positioned on the intake deck at elevation 245.5 for handling of the
4ragh rack and stoplogs. The emergency gate will be of the radlal type,
% meters wide by 6 meters high and will be cperated by a hoist placed on
the inteke deck. The trunsition from the trushrack openings to the
presaure shafts will be designed to minimize hydrauliec losses.

%The sluice structure ﬁill be designed to permit passing erru and
1ce over a welr at elevation 240.5 and sediment through en undersluice
with the #1ll st elevation 229, two/meters lower than the intake sill,
Both openiage will be six msters wide. A movable hoist will operate
both gates. The hydmaulic capscity of the two openings will total about
150 gubie meters per second.

The watar from the sluiceway will be discharged through an excavated
ehamal sad relsssed down the west slopes of Skalarfell into the Fossa. |
e Mlﬁn be 8 meters wide at the bottom and constructed with a
grade towards the outlet. The channel excavation will be almost entirely
4n basalt and most of the rock excavated from this chennel as vell es
the hmadrace canals will be used in the construction of dikes.



The saddle between Skzlarfell and Samstademulli will be closed by
8 dike with the crest at elevation 245.5. The dike will be dssigned for
future raising to an ultimate height of elevation 251 aspproximately.

Pregsure Shaft

The vertiecal pressure shaft (penstock) will connect the intake with
the two turbines in the powerstation located underground. A profile of
the shaft is shown on Exhidbit 3. Ths shaft will be steel lined throughout
and of eonstant dlameter 3.0 meters from the intake and down to the
bifurcation at the powerstation level. A nearly 90 degree bend at ths
bottam of the shaft connects with a short, near horizontal section, which
bifurcates into two smaller pipes, one leading to each turbine. Each of
the two pipes will be provided with a short removeble section (spool)
located inside the powerstation and sccessible from the machine hall crane.
Emargency repairs of one of the two unite will involve draining of the
entire penstoek and will result in outage of both units. The unit not
being repaired gan, however, be restored to operation in & short time by
ramoving the spood and installing a bulkhead on the upstream flange of the
yipe to the unit which 48 to be rapaired. When the repair and msintenance
is oompleted the penstock would again be dreined and the repairdd unit
sounected. The spools may De replaced at any time by Butterfly wvalves
47 desived. The total length of the psnstock insluding the bifurcation
und horisemtal portion will be sbout 135 meters.



Powerstation

The location of the powerstation was chosen on the basis of the
results of extensive core drilling in the general area. All of the
excavetion will be in basalt except the upper portion including the
roof arch which will be in basalt breccia. Beds of bagalt, breccia and
tuff form the 100 meter thick rock mass above the pawerstation‘.

The general arrangement of the poverstation 1s shown on Exhibit 3.
As presently planned, the machine hall will house two units of a
vertical setting. It will be 1 meters wide and 37 meters long not ine
cluding the additional excavetion required at the norxth end to permit
future extension. The main access will be by a 900 meter tunnel which
will be sloping towards the powerstation at a grade of about four per
¢ant. The 5.5 meter wide access tunnel floor will be concrete paved.
The walls and roof will be lined only where necessary, estimated at
50 percent of the length. The tunnel will enter the machine hall at the
south end where an erection bay will be provided. Access to the power~
station will also be provided by & vertical shaft that will be connected
to the exection bay by a short tunnel and vill daylight in the control
building which is located on the surface near the switchyard and the
i{ntake. The shaft will, in addition to & stalrway and an elevator, also
house the low tension cables and & ventilation duct. Fresh air will be
drawn 4n through the main access tunnel by fans located in the erection
Yoy below the main floor and be distributed by a system of ducts to the
various floors of the powerstation. 7The exhaust air will de blown cut
through the access and cabls shaft.



The roof in the machine hall will be councrete lined throughout. The
lining vill be constructed in sections of six meters with a space of 0.6
maters provided between each to peruit relief of water pressure. Metal
trays to collect seepage water will be provided across the entire arch
under the openings. The water will be collected by open roof drains
supported along the roof abutments. No drip ceiling is considered
necessary with this arrangement.

An overhead bridge crane will be supported by concrete columns and
beams along the entire length of the machine hall. The turbine will be
set at elevation 119 or four meters below the estimated minimum tallwater
in order to permit high apeed units. The draft tubes will eonvergs into
& surge chamber excavated downstream of the machiuve hall., A draft tude
gate structure will be provided within the surge chamber. She gates will
Ye handled by a gantry crane positionsd on the draft tube deck at
elevation 136.5. Access to the deck will be by a short high lsvel tunnel
gonneetion with the access and cable shaft. Venting of the surge chamber
wvill 4180 be through this tunnsl. The draft tube gate will be brought fn
through the tailtunnel.

Future extension of the powerstation will require a temporiry cone
struction sccess for sxcavation and conoreting operations. Such access
dould be provided by a 300 meter tunnel brmnching out from the main
accens Wl and eurving around and upstreanm of the pressure shafis to
entear the future extension at the north end. Installation of the squip~
sent would, however, be from the initial erecticn bay at the south end.



Tailrace

The tailrace will be located es ghown on Exhibit 3. It will be
4n tunnel from the surge chuvber to the portal, a distance of about
1750 meters. The tunnel will be flowing full under low pressures and
1s planned to be concrete lined throughout except for the upstream 100
woters which will be unlined and enlarged to serve as a surge gallery
wder load relection operations. The tunnel will be of horseshoe ahape
with 17.6 sguare meters nominal cross-sectional area. A conerete portal
structure with stoplog slots will be provided at the dowastream end of
the tunnel. The tunnel will discharge into a 200 meter long open canal
which will be excavated between the portal and the Fossa.

Bwitchyard
The switchyard will be located directly asbove the powerstation end

adjacent to the intake as shown on Exuibit 3. The cables from the powerw
station will eanter at the north end of the switchyard srea, Offices

and control room will be provided 4n a dbuilding at the top of the access
and cadle shaft. The main power trcnaformers will be located in the yard.

Access and Qperstors Village
A marrow treil which connects with the main road system in Southwest

Iceland exiats to the weat of the Fossu. This read and portions of the
eonnecting road net will be improved to serve as main access to the
project. A bridge across the Fossa vill be constructed at a point adbout
300 meters upstream of the tailrace outlet. Projeet roads will be
developed from the bridge to the access tunnel entrance, the intake and
switchyard area, and to the Bjarnalaekur dike.

‘9‘



The project will be ojcrated essentially by remote controle An
operators village is therefore not required initially. Two attendants

will be present at all times. They will be housed in the office builde
ing near the switchyard.

Main Station Equipment
The present plans provide for an installation of two unita. The

generators vill be of the vertical-shaft type, rated 33,333 kilovoltampere,
0.9 power factor, 13.8 kilovolt, three phase, 50 cycles.

Ths two turbines will each be of the Francis type eized for a maximus
output of k9,000 metrie horsepower at 115 meters net head. The speed bas
been selected at 333 r.p.u. The low tension leads from the generators
will be non dreining cables. Each unit will be pretected by a 13.8
kilovolt draw-out type circuit bresker, located in the powerstation.

TRANEMISSION PLANT

A single circuit 138 kilovelt line of woodpole coustruction will
trenmmit the power from Burfell to the Bllidsar Substation at Beykjavik.

The 1ins will be provided with a tie-in with the existing Sog Systea st the
Irafoss Substation. The total length of the transmission line is estimated
at 103 kilometers, of which A5 kilcmetears is the length from Irefoss to
Meykjavik.

A one-line diagram of the Burfell substation is shown on Exhidit k.
The two main transformers vill be the 0A/FA/YOA three-phase type, rated
13.8/138 kilovolt, 22/29.4/36.T megavolt azpere. Provistons will be made
for a 69 kilovelt 1ins for s tie-in with the loecal systea. Alr blast
elrouls breakers will De provided on the outgoing high tension lines.

«10=



Pwo main transformers will be provided also at the Elliduar Sube
station in Reykjavik in adiition to the necescury busses, structures,
svitches, and dbreckers. The transformers will have the szme rating as
thoss at Burfell.

The transmission voltage for an enlarged developzment at Burfell
will probably be 230 kilovolt. It is,therefore, possible that the
1ine should be designed for this voltage althouzh initial operation would
e at 138 kilovolt., The initial 138 kilovolt equipment which in that
cage would be replaced by 230 kilovolt equipment, could probably be used
elsevhere in Iceland, The tle-in with the 139 kilovolt system at Irafoss
eould either be abolished or made permanent through a 230/138 kilovolt autoe

trensformer.

POVER AND ENERGY

The 60 megawatt dsvelorment at Burfell as presented herein will
utilize o flow of 58 cubic meters per second, with the turbines operating
at best efficiency. This flow will be avallabls for all practical
purposes 100 percent of the time as determined on the dasis of past dis~
chargs records. The average flow of the river is estimated at 338 eudbiec
meters per second. About 66 cubie meters per second eould be utilized
by operating the turbines at full gate.

PRIMARY ENEROY

The primary enerzy of the 60 megawatt plant has been considered as
that produced from a flow of 58 cubic meters per second. The overall
efficlency, not ineluding hydraulie losses in the water conduits but
including transmiseion losses and station service, was taken at 83 percent.
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The water utilization was acsumed 98 percent. The ammual primary
energy deldvered et the low tension side in Reykjavik is estimated at
470 willion kilowatt-hours on this basis. Same secondary enmergy will
be avallable by turbine operation between best gate and full gate, but
this has not been evaluated.

It is estimated that the plant can deliver to the load center peak-
ing power up to 62,000 kilowatts. This might be slightly reduced during
periods of floods in the Fossa and to a lesser degree, in the Thjorsa.

PROJECT Cosr

A cost estimmte was prepared for the 60 megawatt Burfell development
a8 described above, The estimate is presented in Exhibit 5 which includes
& summary tabulation as well as details. The estimate represents our
best jJudgement of unit prices and lump sums for the various items of work.
m gogts are expressed in U, 8. Dollars. The rate of exchange used for
converting Icelandie Kronur to U. 8. Dollars was 43 Kropur to ons Dollar.

The estimate was prepared as the result of detailed quantity surveys
baged on the drawings referred to sbove and supplemented by sketch draw-
ings of structures as considered pacessaxry. The unit prices used were
estimated on the basis of labor rates end costs of masterial and equipment
a8 of October 1962,

Toport duties and taxes have been included where applicable om
imported materials and equipment, inoluding comstruction equipment. The
estimate in this respect is comparable with the cost estimate for the



Hestvatin and the Upper Bruara projects. An cllowunce was nade in the
unit prices for o reasuvauble profit to the pgonsml contractor or cone
tractors.

The estinated costs for permanent equipnment waz based on recent
guotations from well-lnowm Western Europzan manufactiurers. All costs are
for the equipment fully installed. Agnin import dutles and toxes have
been included.

The cost of land was not included in the costs. The cost of the
water rights has been included ag an annual charge as discussed below.

A contingency item of )5 percent was added to the subtotal of direct
cost as an allowance for amissions and possible incresses .in gquantities
and prices. This allowance is considered reasonable in view of the ine
®mmation avaeilable an equipment cost end the generally conservative
spproach adopted in establighing the cost of the eivil structures.

An allovance Tor price escalation of five percent wae added to the
estimated subtotal including contingencies. This allowance is conslidéred
eppropriate and reasonable in view of recent price trends in Iceland end
Western Europe. |

The addition of the escalation allowance established ths total direct
cost but without import duties end taxes waa then applied to allow for
such indirect costs as deslgn engineering, supervision of construction
and owner's overhead.

A further allowvance of $510,000 vas made to cover the estimated cost
for preliminary planning basie to design and for field investigations.
This allowance includes the total cost of the extensive site explorations



already earried out widch will alco bomefit future developuents at
Burfell. This xelationskip should be kept in mind when eouparing the
60 megawatt project with alternative sourcea of pover. The above
additions resulted in an estimated total construction cost of $17,980,000.

Financing terus are, at present, not established. The cost of
interest during construction can therefore not be accurately determined.
Howsver, the cost normally asmounts to about three or four percent of
the construction cost for each year of construction. An allowance
©of ten percent of toital construction cost was, therefore, made to cover
interest during the estimated three year constructimn period. This
addition resulted in an estimated total investment of $19,800,000.

The cost of estadlishing working ecapital and interest usomi
wves not included, and may not be necessary.

Our estimates show that the foreign currency requirement will de
the equivalent of about $10,800,000. The expenditure of local ourrency
18 esiinated at $9,000,000 or 387,000,000 Ioelandic Kromur, of which
tmport duties and taxes amount to about 148,000,000 Kramur and local
labor and materials te about 239,000,000 Kremuxr.

The construction cost for an initiil installation of ons unit only
48 estimsted at $16,330,000. The total, investment, including futerest
&uring construction, would be $18,000,000 ox $1,800,000 1sss than for the
tvo~unmit instellation estimeted adove. Ths savings are primarily im the
oost of the main equiyments tusddpe, gensrator, transformers, and eirould
breckers.

L



¥We have estimaloed the cdiitional cost of consiructing the trang-
nission for 230 kilovolt initinlly. The additional investuent required
for the entire line frcau Bur. oll to Reykjavik is estirated at $800,000
ineluding interest during construction. The portioa of the line from
Burtell to Irafoss is estizated at $450,000 gdditional.

Yhe apnual charges eszulnst a power system include interest on
favested capital, depreciation of the installation or amortization of
investment, operation, and maintenance expenses, and taxes.

ffe have estimated the annual operation and uwsintenance expenses of
the Burfell 60 MW Project including the tmnamissioﬁ plant to be
$150,000. This 1s based on the assumption that normal operetion of the
plant will be senmi~automatic. This means that voltage and load regulation
will be by remote control, whereas the starting of the units will be at
the plant. We assuned that two attendants will be stationed at the plant
st all times. Maintenance other than daily routins work will be by a
separate crev.

Insurance and taxes were not indluded in our estimates of annual
charges.

Intarest and amortization charges (aebt service) will represent the
pajor portion of ammual costs. This cost will, however, not be known
until such time as the financing terms are ast,abnshﬁd; |

Campensation for the use of the water rights wes included as an annual
cost. This anmal cost 1s considered to be the fair return on the value
of such rights, which are not known definitely. We bave alse included

. ‘15-



reserve funds as an cnouwcl cuarge token abt about oue rerczubt of the
estimated total constructlcn coste These funds are iwquired to cover
expenses of an extroordlnary nature not otharwise covered by insurance
or normal melntenance.

The ectimuted aannual costs other than debt service will then be
a8 follows:

Operation and Maintenance $150,000

Water Rights and Reserves 240,000
Total $430,000

FRIMARY ENERQY COSTS
Ho consideration was given to the income from the sale of secondary

snergy in the evaluation of unit energy cost. The snnual primary energy
was taken at 470 mtllion kilowatt hours delivered at Reykjavik as
estimated above.

Inasmuch as the finaneing terms have not yet been established we
choss to present the estimate of unit cost of ensrgy as a graph for
a range of annual dabt service expressed as & percentage of the total
project investment of $19,800,000 over a range of five to nine percent.
This graph is shown on Exhibit 6. Xt includes, of courses, the other
estimated anpual costs amounting to $430,000 as a fixed amount not varying
with the debt service, The estimated unit cost is as delivered at the
low tension side in Reykjavik, but does not includs any sllowance for
profit. Import duties and taxes are included in the estimate of capital
costs on imported materials end equipment as appropriate. It should be
noted that the estimate also includes the entire cost of the transmission
Jins to Reykjavik,



The groph shows thot the cost of primary would ve in the order
of 3.0 to 4.5 U.8. mills per kilowatthour for the most coumon financing
eonditions. An interest rate of five percent and a K-year amortization
period will give e unit energy cost of 3.3 milla. A 25-year amcrtimtion»
period and six percent interest rate will give a cost of 4.2 mills per
kilowatthour of primary ensrgy.

290-0
12/10/62
ARE/dbs
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To Reykjavik
via lrafoss

2

138 KV EIE

EXHIBIT 4

Local distribution

) Station $’

I er WC&

230/480 4
Grounded
neutral
LEGEND
A
'y

\lr) Draw-out type air circuit breaker

J

o

Disconnecting swifch

Grounding switch

Cable terminal

| ) - 1
Each
13.8-138 K
Type OA/FA /FOA
22/29.4/367 MVA z( /3.7@; Pség 3}/
A A A 15 MVA
N N
I KW Y J l
: :
Each 14000~ v v
230480 V. Z(
500 kVA
dry type Each gen.

333 MVA O.9PF
138KV, 333 RPM.
50 cycles

Transformer

THE STATE ELECTRICITY AUTHORITY
ICELAND

BURFELL PROJECT [ 60 MW PLANT

Generator

Y
S
O
%

Resistor

ONE LINE DIAGRAM

HARZA ENGINE CHICACO
APPROVED_ /L) ~i i
DEC. 1962 ik o0 P 6
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CCoT EoTILUD-SU D ARY

LIULFSLL P.‘.f}} CF - GO MW

Total w/o Duties  Import Duties  Total with Dutics

end Taves and Toxes and Taics
!m U‘S. :;‘7 U.S. :;,_‘ U-Uo ‘)
PRODUCTION PLANT
Power Plant Structures 1,268,705 247,755 1,516,400
Reservoirs, Dams, and Waterwsys b, 591,430 643,500 5,935,329
Turbines and Generators 1,195,000 410,000 1,605,000
Accessory Electrical Equipment 309,000 109,000 430,000
Miscellanecus Pover Plent Equipment 415,000 142,800 557,500
Access Roads and Bridges 340,000 hs 000 385,000
Access Tunnel 889,550 169,570 1,059,120
Control Building 25,000 2,25C 27,250
Cperators Villege 35,000 3,000 38,000
Subtotel Produetion Plent 9,459,685 2,064,275 11,523,960
TRANSMISSION PLANT
Burfell Step-Up Substation 246,000 84,000 330,000
Trensmission Line Burfell=Ellidaar Via
Irafoss 978 500 312,000 1,29°,§m
Irafoss Substation Additions 84,000 28,000 112,000
Ellideer Substation Additions 2&2,000 85,000 334,000
Subtotal Transmission Plant 1,557,500 509,000 2,066,500
SUBTOTAL DIRECT COST 11,017,185 2,573,275 13, 590, 460
Contingencies, 159 2 1,652,815 386,725 2,039,540
Subtotal 12, 670,000 2, 960,000 15,630,000
Cost Escalation, 5% % 630,000 150,000 780,000
TOTAL DIRECT COST 13, 300,000 3,110,000 16,410,000
Engineering end Supervision, 8% ¥ of
Total Direct Cost without Duties end
Taxes 1,060,000 0 1,060,000
Preliminary Investigation Costs 4c0,000 20,000 510,000
TOTAL CONSTRUCTION COST 14,850,000 3,130, 17,980,000
Interest During Construetion, 10% X 1,509,000 320,000 * 1,820,000
POTAL PROJECT INVESTMERT 16! 2 50,000 ;_lhgo;ooo : 12‘80()%000

* nterest on the cost component from duties and taxes



COST ETIIATES
BURFELL PROJECT

Import Duties

#Withous Tmport Duties and Taxes

ren T v S e

PRODUCTION PLAKT

POWER PLANT STRUCTURES

Excavation
Main hall 17,600 w3 8.50 149,600 26, 400
Draft tubes 860 m3 13.50 11,610 1,935
Cable and access shaft 10,000 w3 13.50 135,000 22,500
Access tunnel to cabls shaft h0oo =3 1h.00 5,600 o924
Access tunnel to surge chamber 330 n3 15.00 k,950 192
Drainage tunnels 1,100 m3 15.00 16, 500 2,650
Aeration shaft from surge chauber 50 n3 £0.00 1,000 165
Air exhaust tunnel 400 w3 15.00 6,000 960
Steel. Supports 91,000 kg - 0.35 31,850 9, 6k
Timber 150 w3 80.00 12,000 2,700
Rockdolting L.8. 115,000 20,700
Grouting L.8. 13,000 2,3h0
Pumping L.8. 25,000 k, 500
Conorete
Substructure 1,800 a3 40.00 72,000 11,880
Superstructure 1,200 o3 85.00 93, 500 15,510
Roof erch 1,070 3 65.00 69,550 11,555
Draft tubes 360 m3 65.00 24,700 k, 104



Itenm
PRODUCTION PLANT (continued)
Cable end access shaft
Access tunnel to cable shaft
Access tunnel to surge chamber
Air exhaust tunnel
Conerete block walls
Reinforcing steel
Miscellaneous metels
Architectural treatment
SUBTOTAL POWER PLANT STRUCTURES
RESERVOIRS, DAMS, AND WATERWAYS
DIVERSION CANAL
Excavation, common, 4ry
Bxcavetion, conmon, wet
Excavation, rock, dry
Excavetion, rock, wet
fonerete
Beinforeing steel

V5o Tepors Duties end Taxes

37,000 m3
k,000 n3
142,000 m3
35,000 m’
650 w3
10,000 kg

Unit Price®*
U.S. &

65.00
65.00
65.00
65.00
50,00
0.25
1.20
L.S.

0.50

2.00

3.00
5.00
€0.00
0.25

ibib B

oLzet 3 of 11

Inmort Duties

Auount and Yaxes
U.5. 3 U.Se $
201,500 33,460
12, 350 2,052
3,445 572
4,550 756
8,250 1,386
90, 750 29,040
36,000 11,%00
125,000 30,000
1,268,705  24T,755
33,300 21550
8,000 1,320
426,000 72,420
175,000 28,875
39,000 8,415
2,500 €00
€83, €00 17,3%



CCST ESTIMATE

BURFSLL PROJLCT

tem
PRODUCTION PLANT (continued)
ROCKFILL DIKE

Exgavaiion, common

Rockfill

Backrill
SUBTOTAL ROCKFILL DIKE
BJARNALAEKUR DIKE

Excavation, common

Excavation. rock

Foundation preparation and treatmsnt

Impervious core

Filters

Rockf11l

Backf1i1)

Diversion and pumping
SUBTOTAL BJARNALAEXUR DIKE
APPROACH CANAL

Excavation, common

Exesvation, rock

SUBTOTAL APPROACE CANAL

#ithout Import Duties and Taxes

Import Dutics

Unit Price¥® Amount ‘and Tases
Quantity U.8. $ U.S. § U8, §
97,000 0.80 7,600 13,100
125,000 w3 0.25 31,250 5,625
17,000 o 1.00 _A7,000 2,805
125,850 21,530
85,000 md 0.80 68,000 131,475
7,000 3 5,00 35,000 5,TT5
5.8, 50,000 9,000
38,000 m3 2.00 76,000 12, 540
17,000 n3 1.9 32, 300 5,100
137,000 o> 0.70 95,900  16,hk0
12,000 n3 1.00 12,000 1,560
L.8. 291000 «2:000
119,200  T,310
10,000 w3 0.90 36,000 6,000
12,000 m> k.00 18,000 1,920
84,000 13,920



E:xhibit 5
Oheet § of 11

CGST ESTIUIATE
BURFELL PROJECT

Import Muties

Item Quantity UE%; .P?cef ﬁm; m%‘éf&x;&

PRODUCTION PLANT (continued)

BIVICEWAY
BExcavation, common 400 w3 1.50 600 100
Excavation, rock 157,000 m3 3.00 471,000 80,070
Foundation preparation and treatment L.8. 10,000 2,000
Concrete k,000 m3 60.00 240,000 39,600
Reinforcing steel 170,000 kg 0.25 42,500 13,600
Bluice gates and frame and guldes 17,700 kg 1.00 17,700 5,310
Ice gate and frame and guides 5,900 kg 1.00 5,900 1,770
Gate hoist, movable, cepacity T5 tous . L.8. 65,000 20,000
Backfill | 3,100 n3 1.00 3,100 510
Miscellaneous - L.8. 15,000 3,600

SUBTOTAL BLUICEWAY o | 870,800 166,560

DIKE |
Excavation, common 22,500 m3 1.25 28,125 k,T25
Excavation, rock 1,200 m3 5.00 6,000 990
Foundation preparation and treatment L.8. 15,000 3,000
Impervious core 5,200 n3 2.00 10,400 1,715
Fllters | 4,700 u3 1.90 8,930 1,k10
Rockf111 13,000 m3 0.50 6,500 1,090
Backf11y 3,300 m3 1.00 .3.300 55

SUBTOTAL DIXE 18,255 13,475

W{thout Tmport Duties and Taxes



Exhibis §
Sheet 6 of 11

COST LOTIHATE
BURFELL PROJECT

Import Dutiss

Unit Price® Amount ahd Terwes
Item Quantity u.s. ¢ u.s. ¢ V.. 8
PRODUCTION PLANT (contiimed)
INTAKE
Excavation, cormon 2,000 u 1.50 3,000 510
Bxcavation, rock 2,000 m3 6.00 12,000 1,980
Foundation preparation and treatment L.S. 3,500 1,000
Coucrote 1,300 n3 50.00 65,000 10,725
Reinforcing steel 16,000 kg 0.25 k4,000 1,280
Inteks gate and embedded parts 16,000 kg 1.20 19, 200 6,080
Intake gate hoist L.2. 16,500 5,000
Prashrecks and guides 18,000 kg 0.75 13,500 3,960
Bulkhcad gates and frames and guides 35,500 kg 0.90 31,950 T,100
Gantry crane, capacity 10 tons L.8. 26,000 7,800
Miscellaneous L.S. _10,000 _2,400
SUBTOTAL INTAKE 204, 650 k7,835
PENSTOCKS
Excevation shaft &nd tunnels 3,000 13.00 39,000 6,480
Steel supports 47,000 kg 0.35 16,450 4,850
Tinber 70 w3 £0.00 5,600 1,260
Grouting L.8. 30,000 5,000
Gonerete 1,500 m3 32,00 48,000 8,100

"Wl thout Import Duties snd Taxes



COST ESTIVATE
EURFeLL PROJLCT

Iten Quantity
PRODOOTION PLANY {continued)
Stael plate 167,000 kg
Reinforaing steel 17,500 kg
Rxcywstion, shatt 5,600 w
Posvaticn, gallery 7,000 m3
Boekbalting
Consrete. W0 ud
Reinforeing steel 31,000 kg

Draft tube gute and frwoes and guides 13,000 kg
Miscellanaous

TAILRACE TUNNEL
Excavation 47,000 o
Steal supports 293,000 kg
Pumber €00 m3
Rock bolting

*#Without Import Duties snd Taxes

ddbit 5

Shoeat T of 11

Luport Duties

IR Ry S
0.65 108,550 33,400
0.25 2,375 k00

51,975 (0,530
8.50 47,600 "r, 080
10.00 70,000 12,550
L.8, 38,500 7,000
L.8, 7,000 1,000
T5.00 30,750 5,160
0.25 T,T50 £,480
1.00 13,000 3,900
L.8. ~£:000 1,80

220, 600 ko, 870
8.50 399,500 66,975
0.35 102,550 30,475
80.00 48,000 10,800
L.8. 35,000 6,300
L.8. 107,000 13,000



Exhibit 5
Sheet 8 of 1)

COST ESTIMATE
BURFELL PROJECT

Ixport Duties

Unit Price® Anount and Taxes

Iten Quantity u.s, § u.s. $ U.S. $
FRODUCTION PLANT (eontinued)

Concrete, tunnel lining 19,000 3 45.00 855,000 142,500

Canarete, tunnel portal 300 m3 60.00 18,000 2,970

Reinforeing steel ' 685,000 kg 0.25 171,250 54,800

Stoplogs and guides L.8. 8,000 2,400

Pumping end ventilation L.8, 25,000  __7,500
SUBTOTAL TAILRACE TUNNEL . 1,769,300 343,720
TAILRACE CANAL

Excavation, coumon 10,000 m° 1.50 15,000 2,550

Excavation, rock 67,000 u3 %.00 268,000  Mb,200
SUBTOTAL TATLRACE CANAL 283,000 46,770
SUBTOTAL RESERVOIRS, DAMS, AND WATERWAYS b, 991,430 043,900
TURBINES AND GENERATORS

Turbines and governors -] 222,500 hys5,000 150,000

Generators and exciters 2 375,000 150,000 260,000
SUBTOTAL TURBINES AND GENERATORS 1,195,000 k10,000
ACCESSORY ELECTRICAL EQUIPMENT L.8. 300,000 100,000
MISCELLAREOUS POWER PLANT EQUIPMEN?

Bridge crane L.8. 135,000 48,000

Draft tube crane L.8. 15,000 k4, 800

#ithout Import Duties and Teoxes



Inport Duties

Tten Quatity o Uge b Ube§ _ Dised
FRODUCTION PLANT (continued)

Heating and ventiletion L.S. 60,000 20,000

Miscellaneous mechanical equipment iueluding

plumbing, piping, unwatering, and station
drainage L.8. 205,000 70,000

SUBPOTAL MISCELLANEOUS POWER PLANT EQUIPMENT ¥15,000 142,800
ACCESS ROADS AND BRIDGES L.5. 349,000 45,000
ACCESS TUMIEL

Excavation, open eut, common 60m 150 900 155

Excavation, open cut, rock 2,700 n° 3.00 8,100 1,375

Excavation, tunnel 34,000 = 10.00 340,000 56,100

Steel supports 200,000 kg 0.35 T0, 000 20,800

Timber 310 w3 80.00 24,800 5,580

Grouting L8, 100,000 18,000

Concrete, tunnel lining and portal 4,800 m3 50.00 20,000 40,320

Concrete, floor slsb | 1,200 o’ 35.00 42,000 6,840

Reinforeing steel £55,000 kg 0.25 63,750 20,400
SUBTOTAL ACCESS TUNNEL 889, 550 169,570
CONTROL BUILDING | L.8, 25,000 2,250
OPERATORS VILLAGE L.B. 35,000 3,000
BUBTOTAL PRODUCTION PLANT 9,459,685 2,064,275

#iithout Import Duties and Toxes



COST ESTIUATE
BURFELL PROJECT

Jten uantit
DURPRIL STEUP SUBITATION
Grefing, surfecing, foundations, and
fancliog

Structures, dbusses, and switches

Transforwers, 138 kv, QA/FA/FOA, 22/29.h
f 3607 b f 2
Tronuforner, 69 kv, OA, 15 nva 1

TRARRMISOION LINE-BURFELL-ELLIDAAR VIA
IRAPOES 103 kn

Circuit bresker positions, 138 kv 2
Miscellaneous switchyard equipment
Miscellaneous gentrol room equipment

SUBTOTAL IRAFOSS SUBSTATION ADDITIONS

ELLIDAAR SUBSTATION ADDITIORS
€ircult breaker positions, 138 kv 3

Pranaformers, 138 kv OA/FA/FOA, 18/24/30 .

mva

# Without Import Dutles and Taxes

Lxhivit 5

Sheat 10 of 11

Ioportd Dutiles

Unit Price*  Auount and Taxes
U.S8. $ U.S. $ U.5. $
L.8. T, 000 , | 1,000
L.S. 18,000 6,000

75,000 150,000 53,000

40,000 40,000 14,000
L.8. 31,000 10,000

2’&5,0@ ah)m
9,500 978: 200 312: 000

27,000 54,000 18,000
L.3. 9,000 3,000
L.8. 21,000 1,000

84,000 28,000

27,000 81,000 26,000

69,000 138,000 hg,000



11 of 11

COST LoTITlim

LURFSLL Pa0SLCT

Liznort Dutlas

. Unit Price#®  Anount and Taxes
Iten Quontity U.5. $ U.5. ¢ U.5. $
PRAMSMISSION PLANT (continued)
Miscellaneous structures and equipment L.S. 30,000 10,000
SUBTOTAL ELLIDAAR SUBSTATION ADDIWIONS ' 249, 000 85,000
SUBTOTAL TRANSMISSION PLANT 1,557,500 509,000

*Without Import Duties end Taxes
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Debt Service in Percent of Project investment

/. Total project investment § 19,800,000.
2 Annual cost other than debt service
$ 430,000.
3. Mo allowance made for income from sales
of secondary energy.
4 Import dulties and taxes included TR AT L s | AUTHORITY
BURFELL PROJECT | €0 MW PLANT

ESTIMATED COST OF
PRIMARY ENERGY

HARZA ENOINEER"IC.G0,CRICACO
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