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T™his Report was written in tue stages. At the urgeat request of the
Ioelandic antherities, & firet draft was ocapleted in August 1967, within one
aenth of completing the Nissisnu. The purpese of the draft was to elicit com-
ante and queries, and wee thes in finalising the recemmendations within & few
wosks. The commente were received ia early December 1967, Wt the suthor re-
oeived the opportumity to finalise the Report only in September 1968: hence
the delay in presenting this Report, whioh is deeply regreited.

The first draft Report was written in haste, as it was expected to re-
arrange fhe material in s sere legical and coherent fare in the fimal versien.
Rowever, seversl persons have already dome extensive work on the draft, and
have given copicus referemces to paregraph awmbers. If the paragraphs were re-
sumbered it could cauve sericus misunderstandings. Therefore it was decided
te leavs the nusbering of the paragraphs almoet exactly as it was in the draft.
It 10 heped that the slight incoherence and few repetitions which are neticable
An the Repert will be enowsed, in view sf this explanatiom.

The dreft report indiceted ene poseidle design, and previded all the
essential parameters, with seme cest data. There was ne attempt at working
out oven & prelininary engineering estimate. Ia respense to a request from
the loelandic sutherities, as well as UNIDO iteelf, wo are making an attempt
e sake = engineering cstinete. Bucause of the lapse of tine and insdequacy
of data thie cotimate is 10 be regarded enly o8 s firet appreszimation. T
aveid disrepting the paregrephing of the draft, and aloe besawse it is repeti-
tious of seme of the data of the main Bepert, it will be made inte a separste
draft, wvhioh can be cemsidered entirely in its om.

In June 1968 wo consulted Dipl.Ing. Dr.techa. Adalbert Orlieek, Prefesser
of Chonicsl Ingineering at the Tonhnisehe Nechechule, Viemna, Austria, on the
(unrevised) draft Ropert. Nis epinion is repredused ss Ammes L.
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OUTLINE OF SUGGESTED REFMGERATION SYSTEM 1000L/y UNTS ANNEX i C

GLACIAL AGUA ‘ GEOTHERMAL RECOVERED
e AMDINA STEAM ice

VIENNA 1960
THIAGARAJAN
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Sosts

(All figures are approximations)

1. Capital itsas
Seawater induction unit, including storage and piping
Refrigerator unit, main
Refrigerator element, subtasidiary
Pipelines, insulation, valves, controls
Heat exchanger:

Workshop end laboratory equipment

Other minor units

Site, including preparation

Buildi roads and drainage

Vehicles and tracks

Water supply, distribution and drainage

lhctrieitya/ distribtution and control

Stean supply and controls, including piping

Freight, trensport, erection

Engineering foe

Interest during erection, start-up costs

Other miscellanecus items, working ocapital and
sargin for errors

)/ Does not include residences. Includes heating.
2/ Battery limits only, low temsion.
3/ Bxoluding preliminary investigations.

200,000
200,000
100,000
200,000
200,000

50,000
100,000
100,000
200,000
100,000
100,000
100,000
300,000
200,000
200,000
100,000

3,000,000
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Yanning. table

Manager and assistants

Secretarial, clerical and other office
Plant Superintondent and ausistants

Shop olerical staff
Poremen and supervisors
Operators (10 per shift)
Maintenance and repair
Other staff

Margin for leave, accidente, etc.
Payroll

Nalarials and snsi

Puel and other oils, tons
Eleotricity, gigawatthours
Chemicals and sundries

Total

o B P OO e

30

Ek sk s

$ per

30,000
30,000
30,000
15,000
30,000

120,000
50,000

425,000

60,000
75,000
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Anne
Cost ther investigations
(1) The main requircements for the oporation of this process ares e
(1) Seawater ~
(2) oOlacial icc .

(3) Geothormal stueam
(4) Suitable 1land

Iceland has 3,000 miles of const, and scawator aveilability is guarantced.
Thore are three large glaciers in closc proximity to the coast, and it takcs
but little effort to decide which of these threec is guited for the purposa.
Land ig also a resource which Icecland has in great abundance, 80 it doee not

need much effort or exponse to securc it.

(2) The limiting factor is then geothermal steam, It has already boen
ascertained that therc are goothermal arcas quitc ncar by in all the three
proepective locations. But the project requircs large quantities of stcam.
The stoam noed not be under high pressure, but if high=prossure stcam is
available it will certainly be doubly advantageous becausc it is possible
to use it for gencrating power, thus reducing cost of powcr to tho project

and also creating additional r:vcnue.

(3) There are indications that large quantitiee of high-pressurc steam

may lic blanketed under the icecnps of tho cvxisting glacicrs, Near
861heimaj¥kull, for instance, many furmaroles were obscrved. A certain

amount of prospeoting is neccscary to locate the best sourccs of geothormal
stecam. In thc past, such cxplorations had been done by drilling in a set
pattern or at random, without any precisc indication of availability. Nowadays,
howevor, geophyeioal prospecting mothods are aveilable which are much easior,
quiocker, cheapcr, and morc affeotive. It is rocommended that such a survey

be first inaugurated. For this angle of siudy, a tentative amount of

$150,000 may be allocated. The cost should covor only tho lecase of oquipment
and the time of tho professionals needed to operate the oquipment and analysc ’
the results,
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(4) Pollowing tho geophysical prospccting, some actual drilling is roquired.
Thc National Energy Authority has two fully-equipped drilling rigs available,
one big ond one small. In vicw of the size of thie project, and the neeod for
large quantities of geothcrmal steam, it is tho bigger rig which will have to
be used. The cost of drilling hns boen quoted from scveral difforent sources
(including UN Conferonce on New Sourccs of Encrgy) as about 350 per metre. It
will probably be neccssary to drill at lcast 4000 metres to prove a good field.
Accordingly, a sum of $200,000 will bo nccded for this aspect of tho work.

(5) Along with tho field investigations, tablc, Loneh and yard investigations
have to be done to work out a projcct report. Although much work has been

done in related ficlde for thc Officc of Saline Water, a pood deal of adaptation
of tho results is needed., We foel that for 2 complete ond thorough job to be
dono, completo with detailed cstimates, blucprints, ctec., it will take

$£30,000 to $40,000.

(6) Thus, the total requiromente of funde to carry the investigations to the
next logical stagc is of the order of $400,000.

2. Iiebindal Projsct

(1) Practically the samc argumente apply horc as to the Thingarajan Project.
However, a substantial amount of ficld invcstigation has already beon completed.
The main requirement now is for geophysical cxploration, followed by two fairly
doep drill holes, onc of 800 metres dopth and thc other of 1400 mctres dopth.
The goophysical cost is likoly to be about $150,000 and the drilling $100,000,
The detailod cngineering study mny cost $30,000, meking a total of $280,000
(rounded off to $300,000).

(2) 1If the study is made in continuation of or along with the investigations on
the Thiagrajan Projoct, the costs moy be substantiaily roduced, becauee the
experiences are tranlatablo, The wholc cost may then be reduced to $200,000

or evon loss,
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l.) Prcssure and temperaturc in the pipelines depend on evaporating and v
condensing tumperaturcs in the cosling systome  Under the conditions cexplained
in dotail in point b) and ¢), 3000 metres of pipc would contain 0
liguid ~mmoni~ 24,4
vaporiscd ~mmonin 2a6
27,0 tons

2.) Under thc conditions of 2 drivingz forec for the hoat transfer of
5 dogrces centiprade the nmmonia would have to be cvaporated at -18°C and
a (partial) pressurc of 2,1 ntmosphcres., The pressurc in the condensor
depends on the temperatur: of the cooling medins availables  Water of 0%
(melting water of a glacicr), glacial river AOC and scawater IOOC. Therefore
the temperaturcs in the condensor would be 2,8 and 14°C respectively and the
pressures 5, 6, 6.8 and 8.3 atmosphercs. For the transport of 43 t/h of
ammonia the pipce diamoter should bu

for the liquid ammonia 125 mm

for the vaporised ammonia 800 mm
Undor static conditions the prossurc in the pipeline would be the same as in
the condensor cr ovapor-ior respectivcly. (Noglucting hydrostatic pressure
because of diffoerenc: in level) the dynamic pressurc difference in the pipeline
(friction loss of velocity) ir

vapor linc 0415 atmospheres

liquid line 0,40 atmosphercs
Tose figures do not consider the influence of the incrt gas (hydrogen or helium).
3¢) The pipe dixmcters have been chosen
for the liquid 125 mm .

for the vapor 800 mm
The volocity is 1,5 and 14 m/scc respectively,

4.) The advantage of tho usc of a cooling pond in the glacior would be that
vory big amounts of watcer of 0°C would be availablc so that a very low
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temperature difforencc between hot and cold cooling water (of perhaps 2°C) would
be possible. The othor sources of cooling water (of 4 and 10°¢) would not
allow the use of small diffcrcnces and thercfore the tomperature in tho
condensor would have to boe 13 and 19°C for cooling with glacial river or
scawater respectively. High tomperature in the condingor means that moro

cnergy is nccessary for the cooling gystom. We can cstimate that cooling with
glacial river would nced 25%, ssawater 48% morc cnergy. The use of air

(in summer times) would give cven higher cnorgy consumptions,

5.) Thc use of a conventional compressor refrigeration systom would give
very high and unjustifiod investments nd o complicated plant, Because of
the availability of gcothermal zteam only an absorption systom can be con-

sidered 28 nn cconomic and adequat. proposal.

The Platen-Muntors system hus no doubt the advantage of 1 sealed systom,

without rotating machines and so on,

On the other hand should be considerod that o transfor pump for liquid
ammonia is a vory simplc component and that in the 1last ycars pumpe of
extremly high rcliability have becn devcloped.

To keep maintenanoc low n glandloss canned motor pump could bo ohoson,
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Annex X1
QHIE giss;oa to ;cc}ggd on Scawgter Clgum;ga; ‘1%“

Pgrtlg} Hst of persons intcrv; gwed

(in Reykjavik, oxcept where otherwise atatod) v

Asgoireson, Torfi - Deputy Dircctor, Economic Institute of Iceland
Bjornseon, Gudmundur - Cor;sultant )
Bjornsson, Hallgrimur - Industrialist
Bjornsson, Jakob - Eloctrical Lngincer, National Encrgy Authority
Brodasson, Thorbjorn - Icclandic National Rescarch Council
Einarsson, Svcinn - Managing Partacer, Vermir SF, Consulting Engincers
Eliasson, Binar - Tcchnical Dircetor, Kisilidjon Ltd., Myvatncaveit
Eythorsson, Jon - Consulting Glaciologist
Gislason, Jakob - Director=General, National Enorgy Authority
Oudmundsson, Vosctcin - Production Managor, Kisilidjan Ltd., Myvatnesveit
Hellson, Sigurdur - Consulting Ingincer
Hormannsson, Steingrimur - Director, Icclandic National Rescarch Council
Ingolfsson, Brynjolfur - Secrctury-Goneral of the Ministry of Communications
and Industry
Johanosson, OGudmundur - Superintundent, Hot Water Supply, Roykjavik City
Jonsson, Isleifur - Mochanical Enginecr, National Tnorgy Authority
Lindal, Paldur - Consulting Engincor
Magnusson, Magnus - Chairman, Exocoutive Commitiee Icclandic National Resoarch
Council
Nikulasson, Snorri - Manager of Tanncry
Olafsson, David - Momber, Exocutive Committce, Icelandic National Rescarch Council
Palmasson, Gudmndur - Geophysicist, Notionnl Energy Authority
Pétursson, P4tur - Kisilidjan Ltd., Reykjavik
Sampas, James G, - US Embassy
Sohram, Gunnar - Secrotary, Ministry of Foreign Affairs
Sigfursdottir, Mrs, Adda Bara - Climatologist, Weather Buroau
Sigvaldasson, Gudmundur - Goochemist, Industrial and Dovelopment Reoscarch Insgitute
S8tofanseon, Unnstoin - Dircctor, Marine Rescarch Institute ’
Thordarsson, Runolfur - Chiof Engincer, Ammonium Nitrate Fortilieor Plant Imc.
Valdimarsson, Olafur - Seorctary, Ministry of Indurtrics
Vestdal, Jon - Managing Dircotor, State Coment Works, Akrones
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Unites <and conversion ratces

(working npproximations)

. Ton (US) = 2000 pounds = 0.89 long tons = 0,90 metric tons

Ton (British) = 2240 pounds = 1,12 US tons = 1,1016 metric tons

Ton (metric) = 2204 pounds = 1,10 US tons

Pound = 454 grommos

1 kilogram = 2,20 pouunds

1 US ton watcer = 240 US gallone = 0,9 motric ton

1 US gallon = 0,8 Imperinl gallon = 3,78 litros 1

1 foot = 30 contimetres

1 mile = 1,6 kilomectree

1 kilometer = 0,62 niles |

1 ocubio meter = 35 cubic foot

1 cubic foot = 7.5 US gallone = 28 litres

1 British thermal Unit = 252 onlorios

1 kilowatt=hour = 1,34 Horscpower~hour = 3417 Btu.

1 kilogram per square occntimctor = 14,22 pounds por square inch

1 atmospherc = 14,7 pounds per squarc inch

1 acre = 4840 squarc yards = 43,560 squarc faot

1 hoetare = 10,000 square nectree = 2,47 aocres

1 metrc = 1,09 yards = 3,28 fort

Kilo = 1,000 (10)

Moga = 1,000,000 (10%) = 1,000 kilo

Gige = 1,000,000,000 (107) = 1,000 mega = 1,000,000 kilo

Tere = 1,000,000,000,000 (10%%) = 1,000 gien = 1,000,000 noga =
1,000,000,000 kilo

1 British Pound sterling = 2,8 US dollars = 120 Icolandic kronur (July 1967)
w24 " = 137 Icelandic kromur (July 1968)
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