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faia »apart «as wilt« IK tM atajas.   At tlM ar«aat mint sf taa 

Isalaadio aattorltiaa, a first draft «aa «aaplatai la «ajaat 1967, vitata 

«sata of esaplatla« tM Mm«.    Tao parpsaa of ta« draft «M i« allait 

•«its «Ml fwriMt «ai «M tww ta ftaaliaia« tao un •—••lit lo— «itala a fa« 

«•atta.    Isa esassata «tra raaaivai la aarly Docoaaor 1967, »v« UM author ro- 

so i vsd tao spaartaaity ta fisalia« tao »apart only ta Soetoabor 1968t   asaos 

tao aslagr la praaaatia« tata »spart, «hi oh la daaply ra«rottad. 

UM firat draft «nari aaa writ toa la ha« to, aa it aaa oxsoetod la ro- 

srranm «M aa tori al  la a «tra la»! cai aaa oohoroat far« la tao fi aal varatati. 

ftsasvsr, aavaral parasaa bava alraaijr aaao astaaaiva aark aa tho draft, aaa 

have (ftvon oopioua rofaraaoM ta paragraph aaassra.    If tho paragrafa« «ara ra- 

aaaaarod it esald eaaaa aarisaa aia«ad«rataa4in*o.    Thoroforo it aaa doeidsd 

ta laavo tho aassaria« of tao paragraph« alaoot asaetljp aa it aaa ia tho draft, 

ft ta aspad that tao al igst iassaarsasa aaa fa« raaatitiaaa «hioa ara aatieasle 

ia tao »oaart wilt aa «aoaaod, ia via« af tata aiplaaatiaa. 

Isa draft rsaart iadioatod sas Basatalo dootga, sai prsviasi ali «aa 

aaaaatial sarasa tora, atta aaaa osai «ata.   laara «as aa at «aap« a« «arala« 

sat svaa a araltaiaary aagtaoirtag ostiaa«o.    la rouan «s a rasasi« fra« 

«sa toolaadto aatasrltiaa, aa »ali a« WIDO i tool f, aa ara «atta« aa a««sss« 

ta «afta aa aagiassrtag sa«iaa«a.    alia  of tao lapsa af «isa sai iaaiaasssy 

sf «at* «alt ootiaaW ia to ao ragardad aaly aa a firat asprsstastla«.    la 

assi« diarastiaf «aa parafrasata« af tao draft, aad ala« aaaaasa it ia rosati- 

tiaaa sf stai af «sa asta af tao «aia assart, it »ill as sais tats a aoaarata 

draft, valsa sai ss saasiésrai «stirai* ia ita aaa. 

ta Ans 196S aa asasaltod Dipi. la«. Dr.toeaa. aialasrt Ori task, rrsfasssr 

sf Casataal asgtaaartag at «aa 'Pssaaiaaaa »passassi«. Vi aaaa, «astri«, «a tas 

(«araviaad) draft »apiri,   lis saiata« ia ripraiaaii as aaaaa I. 

iastria 
l*i » 

(a. 1*1 arara jla) 
«no »assisa ts Isslaai aa 

Caaaiaala frsa asas 
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Costs 
(All figures are approximations) 

y Does not include residences.   Inoludee heating, 
ll Battery limits only, low tension. 
y boluding preliminary investigations. 

SBmmmmmJUmt 

l- Cifoli Kw % 
Seawater induotion unit, including storage and piping                   200,000 

Refrigerator unit, main 200,000 

Refrigerator element, subsidiary 100,000 
Pipelines, insulation, valves, controls 200,000 

Heat exchangers 200,000 
Workshop end laboratory equipment 50,000 

Other minor units 100,000 
Site, including preparation 100,000 
Buildings*'roads and drainage 200,000 
Vehicles and tracks 100,000 

Mater supply, distribution and drainage 100,000 
Hectricity*distribution and control 100,000 
Steaia supply and controls, including piping 300,000 

Freight, transport, erection 200,000 

ftigineering fees» 200,000 

Interest during erection, start-up costs 100,000 

Other miscellaneous item«, working oapital and 

margin for errors JËjÉifiS0. 
3,000,000 
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2.    EfannJ^ table 

Manager and assistante 

Secretarial,  clerical and other office 

Plant Superintendent and assistants 

Shop olerioal staff 

Foremen and supervisore 

Operators (10 per shift) 

Maintenance and repair 

Other staff 

Margin for leave, acoidente, etc 

Payroll 

3-   irttfUlff mi fflffff 
Fuel and other oils, ton« 

Bleotricity, gigawr.tthours 

Chemicals and sundries 

$ per 
annum 

3 30,000 

8 30,000 

4 30,000 

4 15,000 

6 30,000 

30 120,000 

10 50,000 

30 120.000 

95 425»000 

JSL 75^000 

ÜL 500.000 

«XX) 60,000 

30 75,000 

fi^OQQ 

Total 
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Annex IX 
Coats of further Investigaiione 

1.      ThQ Thiagaraian Pro.ioct 

(1) Tho main requirements for the oporation of this process are» 

(1) Seawater 

(2) Glacial ice 

(3) Qeothormal steam 

(â) Suitable land 

Iceland has 3,000 milos of const, and soawator availability ia guaranteed. 

Thore are three large glaciers in close proximity to the coast, and it takes 

but little effort to decide which of those three is suited for the purpose. 

Und is also a rosource which Icoland has in great abundance, so it does not 

need much effort or expense to secure it. 

(2) The limiting factor is then gootherroal steam. It has already been 

ascertained that there are geothormal areas quite near by in all the three 

prospective locations. But the project requires large quantities of steal». 

The steam need not be undor high pressure, but if high-prossure steam is 

available it will certainly be doubly advantageous because it is possible 

to use it for generatine power, thus reducing coot of power to tho project 

and also creating additional revenue. 

(3) There are indications that large quantities of high-pressure steam 

may lio blanketed under the icecaps of tho existing glaciers. Near 

Solheimajoleull, for instance, many furmaroles were observed. A certain 

amount of prospecting is necoaoary to locate the best sources of geothermal 

8team. In tho past, such explorations had been done by drilling in a set 

pattern or at random, without any preciso indication of availability. Nowadays, 

however, geophysical prospecting methods are available which are much easior, 

quieker, cheaper, and more affective. It ìE rocommondod that such a survey 

bo first inaugurated. Por this angle of study, a tentative amount of 

«150,000 may be allocated. Tho cost should covor only tho lease of oquipoent 

and the time of the professionals needed to operate tho equipment and analyse 

the results. 
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(4) Following tho geophysical prospecting, some actual drilling is required. 

The National Energy Authority has two fully-equippod drilling rige available, 

one big and one small. In view of tho size of this project, and the need for 

largo quantities of geothermal steam, it is tho bigger rig which will have to 

be used. The cost of drilling his boon quotad from coverai difforent sources 

(including UN Conference on New Sources of Energy) as about ï»50 per metre. It 

will probably be necessary to drill at least 4000 metres to prove a good field. 

Accordingly, a sum of li.200,000 will bo needed for this aspect of tho work. 

(5) Along with the field investigations, table, "bench and yard investigations 

have to be done to work out a project roport.    Although much work has been 

done in related fields for the Office of Salino Water,  a good deal of adaptation 

of tho results is needed.    We fool that for a complete and thorough job to be 

done, completo with detailed estimates, blueprints, etc.,  it will take 

$30,000 to $40,000. 

(6) Thus, tho total requirements of funds to carry the investigations to tho 

next logical stago is of the order of $400,000. 

(1) Practically the samo arguments apply horo as to the Thiagaraje» Project. 

However, a substantial amount of fiold investigation has already been completed. 

Tha main requirement now is for geophysical exploration, followed by two fairly 

deep drill holes, one of 800 metres depth and tho other of 1400 metres dopth. 

The goophysical cost is likoly to be about $150,000 and tho drilling $100,000. 

The detailed engineering study may cost $30,000, making a total of 1280,000 

(rounded off to $300,000). 

(2) If the study is made in continuation of or along with the investigation« on 

the Thiagrajan Project, the costs may be substantially roduoed, because the 

experiences are tranlatablo.    The whole cost may then be reduced to $200,000 

or even loss* 
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Annex X 

Opinion of Dlpl.Ing. Dr. Adalbert Orlicele, Professor of Chemical 
Engineering at the Technische pochacnule of Vienna. Austria - 

1/  Juno I960 

1.)    Pressure and temperature  in the pipelines depend on evaporating and 

condensing tutnporaturon in the cooling system.    Under the conditions explained 

in detail in point b) and o),  3000 metres of pipe would contain 

liquid ammonia 24»4 

vaporised ammonia     m¿j^ 

27,0 tons 

2.)    Undor the conditions of a driving force for the hoat transfer of 

5 dogrees nonticrade the ammonia would have to be evaporated at -18 C and 

a (partial) pressure of 2,1 atmospheres.    The pressure in the condensor 

depends on the temperature of the cooling medias avallatici    Water of 0 C 

(melting water of a glacier),  glacial river 4 C and seawater 10 C.    Therefore 

the temperatures in the condensor would bo 2,0 and 14 C respectively and the 

pressures 5, 6, 6.8 and 8.3 atmospheres.    For the transport of 43 t/h of 

ammonia the pipe diameter should be 

for the liquid ammonia 125 mm 

for the vaporised ammonia   800 mm 

Undor static conditions the pressure  in the pipeline would be the same as in 

the condensor cr evaporator respectively.    (Neglecting hydrostatic pressure 

oecause of difference in level) the dynamic pressure difference in tho pipeline 

(friction loss of velocity)  i:? 

vapor line 0,15 atmospheres 

liquid lino       0,40 atmospheres 

Those figures do not consider the influence of the inert gas (hydrogen or helium). 

3.)   The pipe diagnotors have been choaen 

for the liquid 125 mm 

for the vapor 800 mm 

The voloeity is 1,5 and 14 ra/sec respectively. 

4.)   The advantage of the use of a cooling pond in the glacier Mould be that 

very big amounts of water of 0 C would be available so that a very low 
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temperature difforcnco between hot and cold cooling water (of parhaps 2 C) would 

bo possible.    The other sources of cooling wat or (of 4 and 10 C) would not 

allow the use of small diffcrencos and therefore the temperature in tho 

condonBor would havo to be 13 and 19°C for cooling with glacial river or 

seawater respectively.    Hitch temperature in the condemnor means that moro 

energy is necessary for the cooling system.    Vie can estimate that cooling with 

glacial river would need 25$,  seawater 48$ more energy.    The use of air 

(in summer times) would give even higher energy consumptions. 

5,)    Tho use of a conventional compressor refrigeration system would give 

very high and unjustifiod investment a   aid a complicated plant.    Docauso of 

tho availability of (:;eothormal steam only an absorption syston can be con- 

sidered as an economic and -adequate proposai. 

The Platen-Muntors system h.is no doubt the advantage of i scaled system, 

without rotating machines and so on. 

On tho other hand should be considered that a transfer pump for liquid 

ammonia is a very simple component and that in the last years pumps of 

oxtramly high reliability have been developed. 

To keop maintenance low a glandless canned motor pump could bo ohoson. 
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Annex XI 

UNIDO Mission to Iceland on Seawater Chemical (1967) 

Partial list of persons interviewed 

(in Reykjavik,  except where otherwise stated) 

Asgeirsson, Torfi - Deputy Director,  Economic Instituto of Iceland 

Bjornsson, Gudmundur - Consultant 

Bjorneeon, Hallgrimur - Industrialist 

Bjornsson, Jakob - Electrical Engineer, National Energy authority 

Brodasson, Thorbjorn - Icelandic National Reeearoh Council 

Einarsson, Svoinn - Managing Partner, Vormir SP, Consulting Engineers 

Eliasson, Binar - Technical Director, Kisilidjan Ltd., Myvatncaveit 

Eythorsson, Jon - Consulting Glaciologist 

Qislason, Jakob - Diroctor-Qenoral, National Energy Authority 

OudnrundBson, Vosctein - Production Managor, Kisilidjan Ltd., Myvatnesveit 

Hallson, Sigurdur - Consulting Engineer 

HormannsBon, Steingrimur - Director,  Icelandic National Research Council 

Ingolfseon, Brynjolfur - Secreta-General of the Ministry of Communications 

and Industry 

JohanosBon, Oudmundur - Superintendent, Hot Water Supply, Reykjavik City 

Joneson, Isleifur - Mochanical Engineer, National energy Authority 

Lindal, Baldur - Consulting Engineer 
Magnuseon, Magnua - Chairman, Exocutive Committee Icelandic National Reeoaroh 

Council 

Nikulaason, Snorri - Manager of Tannery 

OlafßBon, David - Member, Exocutive Coratnittoo, Icelandic National Research Council 

Palmasßon, Oudmundur - Oeophysicist,  National Energy Authority 

Pétursson, Petur - Kisilidjan Ltd., Reykjavik 

Sampaa, Jamee G. - US Embassy 

Schrara, Ounnar - Secretary, Kinietry of Foreign Affairs 

Sigfursdottir, Mrs. Adda Bara - Climatologi st, Weather Bureau 

Sigvaldasson, Oudmundur - Geochomiet, Industrial and Development Research Institute 

Stofansson, Unnstoin - Diroctor, Marine Rencarch Instituto 

Tfeordarseon, Runolfur - Chief Engineer, Ammonium Nitrate Fertiliser Plant lao. 

Valdimartson, Olafur - Socrotory, Ministry of Industries 

Veetdal, Jon - Managing Dirootor, State Cement Works, Akronea 
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Units and conversion rates 

(working; approximations) 

$mm Ui 

Ton (US) - 2000 pounds « O.89 long tons » O.9O metric tone 

Ton (British) - 2240 pounds - 1.12 US tons - 1.1016 metric tons 

Ton (metric) » 2204 poundu » 1.10 US tons 

Pound • 454 grammo s 

1 kilogram • 2,20 pounds 

1 US ton water => 240 US gallone «0,9 metric ton 

1 US gallon - 0.8 Imporial gallon - 3»78 litros 

1 foot • 30 contimütroß 

1 milo « 1.6 kilómetros 

1 kilometsr « 0.62 nilon 

1 cubio motor » 35 cubic foot 

1 cubic foot - 7.5 US gallons - 28 litres 

1 British thermal Unit » 252 onlorios 

1 kilowatt-hour - 1.34 Horscpowor-hour • 3415 Btu. 

1 kilogram por square centimeter » 14.22 pounds par square inch 

1 atnoaphero • 14.7 pounds por square inch 

1 acre • 484O squaro yards - 43,560 square faot 

1 hoctare • 10,000 square metres • 2,47 aoroe 

1 metro * I.09 yards - 3.2Ô foot 

Kilo - 1,000 (103) 

Moga - 1,000,000 (IO6) - 1,000 kilo 

Olga • 1,000,000,000 (1Q?) - 1,000 mega - 1,000,000 kilo 

Tera • 1,000,000,000,000 (10   ) - 1,000 gira - 1,000,000 moga • 

1,000,000,000 kilo 

1 British Pound sterling « 2.8 US dolln.ro - 120 Icolandio kronur (July 1967) 

- 2.4 •'        »        m 137 Icelandic kronur (July 196i) 
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