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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.

ML“".’]“
(5. ™iagaresin)

UBINO Rission %0 lecland on Nanufasture of
Vienma, Mwtrias Chenicssle frem seamter
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Pt ! I. 1. Abdel-"almen
xeoutive Director
WiDo

8ir,

101, Acoording to the scientific litercture, it is knowa tiat whem sea-
water is oontinwously frosen, the first salt to separate is sodiuwa sul-
phate. Since codiux sulpaate is more voluable than common salt (sodium
ouloride), it appeared to the undersigned that t1iis phemomenca oould ’
possibly be made tie besis of a commercial process, and some informal
discussions took place. Therefors, et the request of the Government of
Joeland, commmionted tiroug: the Anbassador for Iceland t0 the United
Netions, Mr. Hansson Kjartansson, a UNIDO Kission was sent t0 Iceland %o
explore the possidilities of meaufaoturing sodius sulphate snd related
chemicals from seawater in Joeland, primarily by the use of glacizl oold
oad geothermal heat in s refrigeration cycle. Me Nission consisted of
the undereigned solo. Tie Mission was in Iceland from 13th to 26th of
July, 1967. The IMssion was directed and guided by the Ioelsndic Matiomal
Reseerch Council (Director Mr. Steingrisur Nermannsson).

102, Prier to the liiesion's departure for lceland, s certain saomat of
1iterature roscarch and prelirinary caloulations had beem carried out
in Now York and some results were seat to the Gevermaent of Iceland. A
ooy of a technioal report relating to appreximately the seme subjeot
mtter, written for the Icelandio Research Council by Xessrs Vilhjalmsur
ludviksson and Baldur Lindal, formerly of the State Zleotrioity
Mthority of lceland, was received from the lcelandic autherities a
fov days prior to the Mission's departure. It covered the msmufacture
of salt, potash and various other salts from geethermal brime bWy a
boiling process, Unfortumately, it was written in Iocelandie, and
interpretation services in New York were fow, wo that mot swoh oould
b mde of it




103, On the basis of technical data published by the various Agencies

of the U.S.A. Covernment (in particular, the Office of Saline “iater,

the Jeslogical Survey, the Bureau of }Mines, the lational Duresu of
Standards), the United liations publications on desalination, and several
other dmt-,. it appeared that two factors were ocrucial to the process
of freesing eodium sulphate out of seawater in Iceland, namely:

(1) the production and transport of a eec refrigerant
from glacial ice (the ultimate refrigerant); and

(2) the recovery of the secondary refrigerant (for recycle)
by the use of goothermal heat.

The many otner faoctors which entered into the manufacture, dieposal and
sovements of the products were conventional, and could be calculated in
the nomeal way.

104. The lission iad many discussions on theee problems with Ioelandic
offioials and professional oconsultants, in partioular I'r. Baldur Lindal
himself, now a private consultant in ieykjavik. TIield visits were made
to all the important sites, inoluding a slacier, sescoastal pumping
sites, geothermal energy recovery plants, and existing factories waere
skilled and unskilled labour was employed in feir numbers. leetings
were held with officials of the linistry of oreign Affairs and Ministry
of Industries. In Iceland it seems to be fairly common for profeeeionals
%o remain in public s:rvice for some time and taen quit in oider to set
up in private oomsultancy practice. Several leading experts with inter-
national reputations belonged in this category. The lMiseion paid oalls
on several of them, and was thereby able to gather valuable information
and some euggestions,

105. At a very early stage of the “ission's disoussions, I'r, Steingrimur
llermannsson, Director of the Icelandic Neeearch Council, mentioned that
there was an alternative to this partioular project, and that was the
Baldur Lindal proposal for manufecture of salt from hot underground brines,
e8pecially those in Reyk janes. Considerable work had been done in

Ioeland on this latter project, and two reports had been prepared dy

2/ A full bibliography will be found appended to the Tecinical Neport =
800 Page 95.
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Mr. Viljhalmur Ludviksson and !'r. Baldur Lindal, in 1965, and by Vr. Baldur
Lindal in 1967 nlpoouvcly.:/ The Gcvernment of Iceland desired that
thess leports be taken into considerution by the lisrine Selts llission.

This request was accepted by the liisiion, since the subject was so closely
related. Unfortunately the translations of the Lindal papers were not

all available until very late.

106, After o few preliminary discussions to clarify the socope of the
"ission and define the boundaries of its responsibilities, terms of
reference were issued by the Direotor of the Icelandic Research Council,
in consultation with the lission, on 20th July, 1967, and are reproduced
in Annex B.

107. On the basis of all these discussions, consultations and visits, tle
Jission prepared the draft of a Technical Neport, which was given to the
Covernment of Ioceland to evolie comments aud sugrestions. It was intended
to use these reactions to finaliss tie Neport. On 4th December, 1967,
lir. Steingrimur lermonnsson met the lission in New York and presented a
series of comments and queries by Icelandic engineers. Oral replies were
given across the board, and this was followed by detailed written replies
dated 5th December, 1967 and 26th April 1968. After some further cellec-
tion of data, consultations and refinement of celculations the leport

was finalised in September 1968, A summery of the fleport and its oconolu-
sion, and the recommendations in brief are subjoined to this lettier
(Annex 1),

108. The mein oconclusion is that there seems to be a prims facie oase
for the establishwment in Iceland of a commercially viable cheaicals
ocomplex, based upon freesing of seawater, to manufacture in the firet

instance -
Sodium sulphate
Sedium ohloride
;agnesiun ohloride, sulphate, oxide
Caloium chloride
Potassium oalorile, sulphate, dromide
Dromine
Borax, boric acid
Trace element residues.

8/ See bidliography references, Nos. 11) and 111 for titles




The data collected by the :ission in Iceland and elsewhers substantially
oonfirs the original premises based on theoretical grounds. In bdrief,
the following commercially practicable process appears to indioatse
definite promiset

(1) menufacture of a cold secondary refrigerant liquid from
the ice produced within the plant from the freesing of
seawater, supplemented by ice from a glaoier; ¢

(2) pumping of seawater intc _tre-tment tanks through » glacial
river substantially at 0°Cj;

(3) multi-stage heat interciange betwsen (1) and (2) to producs,
respectively, ice, sodium sulphate, and residual brine;

(4) use of goothermal heet to restore tie thermodynanmic poteamtial
of the refrigerating mediwn, and alsc (separately) to manu-
faoture salts from the residual brine of the ceawater.

The flow sheets in the Technical Rleport precent 2 diagrematiic view of
the foregoing.

109. It ie, of course, impossible to made any kind of detailed projeot
study from tie very scanty data collected in the brief period of tihe
I"iseion'e stay in lceland. That job is for a later stege, if it is
decided to proceed further with this project. llevertheless, it is
necessary to provide some date to indicote on what the lieeion's
oonclusions were based. Accordingly, the Iission presente in Annex VIII
of the Technical leport a rough idea of the possible economice of a
suitable project. The estimate covers only the manufacture of sodiunm
sulpiacte, in order to simplify motters, The remaining perts of the
oomplex, depicted in the flow sieet diagrams, could be treated on the
same lines. It ie to be understood taet the estimates are not to be
taken as acourate, and cannot be used for working purposes. i.owever,
it is delieved that they are sufficiently reliable on an order-of-
magnitude basis to enable management decisions t0 be made whether or
not to follow up the matter any further. In order to determine tiae input b
paremeters and optinise the process conditions, more work is needed,
both in the field as well as on tae design table.

110, The Lindal Project was examined by the iission, and diecussed in
olose detail with ite architect, !'r. 3aldur Lindsl, and hie associats,
7. Sigurdur Halleeon. The liission agrees tiet the Lindel project

appears 10 be both technioslly sound as well os economically feasible.
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r, Lindal's main recommendation is that further studies on his proposal
should be made, and that exploratory 4dr lling Le done. The lission
endorses tiis recommendation. It should ve mentioned, however, that the
composition of the brine on whicii the Lindal plant would work is substan-
tially different from seawater. The brine is believed to be coming from
the sea, but somehow chonging in the course of subterranean movement,
losing its magnesium and sulphate contents, and geining ia caloium and
potessium. lhether this is a permanent or temporary phenomenon ocannot

be discovered without prolonged testing, but, of course, there can be

no such thing a8 a permanent alteration of seewater in this manner. The
moat that can be uaoped for in large—-socele commercial exploitation is ’
thet the mutetions will last for longer than the economic life of the
plant itself. Hhether tie changes, if real and "permanent', would
enhance or detract from t'.e minerals value of ceawater also cannot de
gtated without some further calculations of yield and assessment of

market potential, but certainly with few exceptions sulphates are
comnercially more veluable than chlorides. Prima facje, therefore,
freesing should yield more valuable products than boiling. Net advane
tages cannot be detoermined so easily.

111, The terms of reference called for evaluztion of the possibility

of o third altemative, namely, applying geotiermal heat directly on
seavater tc produce several salts. This third proposition has been
investigated in some detail 2t least three times in tiie recent past,
once by Dr. 1. S. Patel (1959) under an USAID grant, next by lanistes
Dngineering Associates (1960) for the UN Teoinical Assistance, and
finally by !‘essrs Viljhalmur Lddvfksson and 3aldur Lindal (1965) for

the Icelandic National Tesearch Counoil.y All three reports indiocated
that the proposition might be attractive under certain conditions. The
present l'ission, owever, feels that there is more promise in the other
two possibilities mentioned in the Terms of leference. In the first
scheme (the project to manufzoture sodium sulirte etc.), there is the
advantage of obtaining a product (sodium sulphete) which is five to
twenty timee as valuable as common salt. In the Lindal project (the second

1/ Bibtliography references, Nos. 120, 114 and 113



scheme in the terme of reference), there are the advantages of starting
with a brine 50 per cent stronger than seswator, and also free of magne-
eium and scale-forming sulphate. HNone of these advantares are to bde found
in the third alternative, which is to boil down ordinary seawater with
geothermal steam. DBut it does possess the advantage that a large amount
of work has bdbeen done and is deing done around the world on the simple
ovaporation of plain umtu:/ 8 henoe, the process lends itself to more
soocurate oost estimation and plant design. It makes also for econonmiocal
quotations. [Murthermore, there may be possibilities of settin: up an
experimental plant in water desalination. Thus, the Mieeion is :*eluciant
40 discard the possibility altogether. Although it should not cowvand
the priority of attention which the other two poseidilities do, the nost
of further action thereon is relatively so small that the ides could cer-
tainly bde puraued further.

112, In view of the favourable prognosis that has been reached, the
Rission recommende that the Covermment of lceland take all necessary
steps, in oco-operation with the United Natione, to effectively evaluate
the technical coet and economic data on the two mein projects under ocone
sideration, wvhich ares
(1) the proposal to utilise seawater (10,000 to 15,000 tons
per day) to manufacture several chemicals (equivalent to

100,000 tons oommon salt per year) by the use mainly of
glacial cold, gsecthermal heat, and hydro-electric power, and

(2) the proposal to utilise subterranean brine (such as the
ocourrence at Reykjanee) to manufacture the same quantitiee
of chemioals (of somewhat different composition) by the use
mainly of geothermal steam and electrioity.

It is also recommended that a specific preliminary design and cost estimate
be made of the procees to extract salts from stiraight eeawater (10,000 o
15,000 tons per day) bty use of geothermal eteam and electricity, om the
basis that past investigatione have alresady indicated the general feasidility
of this proposition.

%/ Almost invariadly with the objeot of menufacturing water for irrigation
or domestio wuse.
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113. Tae investigation cf the first proposition, namely, the sodium
sulphate project, 18 likely to prove the most revarding; however, it is
also likely to make the greatest demands on time, resources, manpower,
and funds. The following preliminary steps would be required:

(1) thorough investigations of avgilability of quality and
quantity of geothorma_k/'nor under or near or from the three
main coastal glaciers~ on the sea side;

(2) suitability of the available site or cites for establishing an
industrial chemicals oomplex and for transport of the producte;

(3) contract with some consulting engineering firm to make the
detailed studies and estimates.

114. Ioeland is truly forturate in poesessing a very active, energetio, '
experienced and knowledgeable Glaciological Society, wiich has already
collected a massive amount of data and observations on the glaciers
of Iceland and on many releted matters, inoluding volcanic aotivity,
geothermal energy, hydro-electric potential, oceanography and the like.
Some of the material already published is of high standard. The State
Eleotricity Authority (now the National Cnergy Authority) had also spon-
sored a large volume of investigations in the pest. It is, tharefore,
likely that much of the technical expertise needed for the prelizinary
reconnaieeance eurvey could be organised endogsnously. The main require-
ments would be funds for purchase of some equipment, and for the time of
those engiyed in the work, =nd for rc’=bursement of cosis of drilling to
the National Znergy Authority. One experienced glacioclogist from out-
eide for a period of about vix woniic would probably be quite sufficient.
The coet of the entire job, including transport equipment, drilling staff
and all other incidental expenses, may be put at a tentative figure of
$400,000. A make-up of this ocost is given in Annex IX to the Technical
Report.

115. The Lindal Project hes already been investigated fairly extensively
and much data has already been accumulated. The moet important follow-
up action needed at present would seem to be to put down two test borings,

&/ 'Tnergy" in this oontext includes both heat and oold.
&/ See paragreph 1387 post
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one about 1400 metres deep, and the other about 800 metres deep, to
test whether brine of the assumed quality would be aveilable on a sus-
tained yield basis. For this purpose, tricls must continue for a few
months at the full delivery capacity of the bore-holes. Dlarallel
geophysical and geochemical studies are also needed. The over=all ocost
of this investigation may possibly reach 300,000, If, however, this .
work is done in conjunction with the previously - recommended (sodium

culphato) investigations, it is possible thet the cost could be reduced

to 1,200,000, or less. The breakdown of this cost is given in Annex IX

t0 the Technical leport.

116. Ae for the Lindal proposal tec obtain a design and cost estimate of
panufecturing salts direct from seawater by use of geothermal heat and
electricity, it is a simple question of engaging the servioes of an
engineering consultant with past experience in this field. There are
many of them in several different countries. It is believed that any of
them would be gled to undertake this work for a fee in the neighbourhood
of 510,000 to %20,000, if they are given the material already collected
and the services of professionals already available in Ioeland. The
project report siould be sufficient in all respects to invite bids for
the plent whioh it recommends, and should therefore be complete with
flowsisets, materials balancing, energy balancing, cpecifications, stan=-
da de, tolerances, designe, plans, drawings, quentities, eto. Construo-
tional drawings woula not be needed, as the suocessful contractor would
provide his own in due course. Several such ocosting etudiee have alresdy
been published in the world, and many more have beon investigated. It
is not necessary taat this be made into a separcte proeject, and it had
best be combined with the other two.

117. Hditherto all matters relating to the larine Chemicals industiry heve o
been handled by the Icelandic Research Council, The menagement has been

oompetent, thorough, energetioc and businesslike. It would seem that the

time has now come for the loelandic Nesearcih Council (or some other suit- .
able bedy) to set up a specific organization to attend to the day-to-day

executive decisione relating to the Seawater Chenmicals Scheme, maybe

retaining to itself over-all oenirol, guidance, policy, finance and

external relations.
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118. The Mission's recommendation, in brief, is that all three technolo-
gioal possidbilities be examined further. The total cost would be

around 2500,000 to ©600,000. This is a large sum for 2 small oountry;
on the other hamd, the possible benefits could run into millions of
dollars every year, mainly in foreign exchange earnings or savings. It
would diversify an economy hitherto precariously deperdent upon a single
product - fish. It could be the nucleus of a large industrial and
oommercial complex, oreating sub-regional two-way trade ties with neigh-
bouring oountries and the Duropean Foonomic Community. lost of all, it
will ocomvert into beneficiel and valuable use several natursl resources
which are going to waste at present. This last oonside:ction alone
would justify muoh effort,

119. Indeed, after this Report was drafted in September 1967, further
iavestigations and oonsultations have indicated even more promise for

she freesing process than originally oonsidered likely. If, therefore,
the loelandic authorities are able to reach a conclusion, on the data
slready available, to opt for the freesing proocess in principle, it

would be possible to recomsend a Special fund projeot straightoway,

t0 inolude 21l preliminaries (such as survey and field exploratic:) as
well as a pilot plant in which the fullscale parameters will be optimised.
The oost of all this would be of the same order as the cost of the inves~
tigations recommended above, namely, %500,000 to 600,000, exoluding
transport faoilities, housing and suchlike offsite infra-structure. The
resultant plant, buildings and scientific date oould be fully embodied

in the commerciel-scale plant to follow.

120. The lissicn therefors recommends that the United Nations keep the
project under review and help the Jovernment of Iceland in one of two
ways. The first may oonsist of the sssistance Iceland may need in
establishing the technical and economic data, making all such field,

shop and offioe investigations as may be needed for the purpose, the

oost of which, as stated sbove, mey run into %600,000, The alternative
may be assistance leading to the establishment and operation of a viadle
marine chemicals oomplex in Iceland, on a pilot basis to start with, The
008t of this stage is menticaed in Annex IX of the Techniocal Neport.
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As already mentioned, both olternatives are likely to cost more or less
the same. The first approach will not only take much time, but will
produce only a report. The gecond approach will be quicker, and at the
end of the exercise there will be an actuel plant in full working order.
Put in this way, the choice would appear to be rather obvious - the
decision to go in for a pilet plant, rather than & further thecretical
excsroise. ''e recommend tie freezing process, to manufecture sodium
sulphate and a portfolio of related chemicals.

121, If the demand arises, Part II of tais Tleport will be prepared, to
support an application to the Special und for technical assistanoe.

122. It is also recommended that this eport be submitted to the Covernment
of Iceland.

123, It would be no exaggeration tc scy that the Mission was cverwhelmed
by the helpfnlness, cordiality, sincerity and kindmess of everyone contao-
ted in Iceland, Sc many gave unsparingly of their time and energies tlat
41t would be invidious to mention only a few by name. Nevertholess, we
would like specifically to acknowledge with gratitude tae strong suppert,
guidance and helpfulness of Ir. Steingrimur !lermannsson, the Direotor

of the Netional Nesearch Council. llc proved to bs & real tower of strength
to the liscion whioh, in consequence, lacked for nothing to cemplete its
tasks in the limited available tine. In most cases, ir. Isrmannsson
himself undertook the programme arrengements and thus made metters very
easy and smooth, Next to be mentioned is .r. Jaldur Lindal, who had
oonducted many investigations in many technical sudbjeote ovsr many

years in Ioeland, and 128 accumulated = vast amount of valuable informee
tion, which he placed unreservedly st tae disposal of the liesion. Ilis
timely oounsel at points of difficulty proved invaluable. Tinelly,

the lission is deeply grateful tc the resourceful, energetic and well=-
informed 1 r. Sigurdur lallssen, wio took us around to most of the places,
generslly in 1is own cer, over roeds wiich were in poor ocondition, %0
say the least. Ir. lizllsson proved to be a mine of information on
Icelandic matters and in several aspects of chemioel engineering. iiis
quickness of grasp, balanced judgement and forthright views were of much
service to the lission. lany of the arrengemenis for the l'ission were
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deputed to him, and he executed them most competently. To the many
others who were of servios t0 us we wish to offer a oollective and

sinoere thanks. M_] '

(B. ™iagarajan)
Seavater Chemicals Mission to Icelamd
URIDO
NI YORK
25 August 1967.
(Revised September 1968)
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Seawater Chomioals Mission to loolands 1261
S Co 0

201. Seawater contains mainly the chlorides, sulphates and bromides of sodium,
magnesium, caloium and potassium. 'hen seawator is ovaporatod in the open air

or by boiling, tho sequence of solid products formed is osloium sulphate ’
(@ypsum or anhydrite), sodium chloride (common salt), and mixed salts. However,

when seawater is frogzen, it first forms pure ice and thercafter sodium sulphate,

sodium chloride and mixed salts.

202, In normal markets soluble sulphates are worth more than ohlorides. For
ipstamce, sodium sulphatc (mhydroul) is worth from five to twonty times as
much as sodium ohloride. Therefore the best commerocial exnloitation of
seswater would be thoe maximum produotion of soluble sulphates, mainly the
sulphates of sodium, magnesium and potassiunm.

203. It is therefore suggested that a nlant be set up in Ioeland to manufacture
sofium sulphate from seawater. In the first stage this could be effected by
simple freesing to about -13°C. Prooessing of the residual brine by heating and
oooling will result in the manufacture of sodium chloride and salts of magnesium,
oalcium and potassium. Bromine is also a likely commercial produot. In this
phase, some 10,000 tons of seawater could be processed daily, with production

of sbout 10,000 tons of sodium sulphate and 80,000 tons of sodium chloride per
annum, plus lesser quantitics of other ohemioals. In a seoond phase, the

ohilled seawater (or residual brine) will be used to dissolve gypsum, to enhanoe
the output of sodium sulphate to about 30,000 tons per annumj other subsidiary
prooesses could also be introduoed suoh as recovery of bromine and manufacture

of caustic magnesia. In a third phase, the intake of seawater could be

increased ten times to 100,000 tons per day, leading to the production of

100,000 tons of sodium sulphate and 800,000 tons of common salt per year (plus .
proportionate quantities of other related ohemicals). The production of sodium
sulphate oan be inoreased (at the oxpense of the sodium chloride) to about 400,000
tons per annum by dissolving gypsum in the brine.

204. Since the intake of the factory would be seawater, and the output would
be the same seavater (although separated into its chemioal oonstituents), the
Sheoretiocal change in energy state is small. Vith theoretically perfeot heat
exchangers a oyclio process could be established whioh would need little
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extranesous energy for it to keep functioning in perpstuo. However, in

practice there will be considerabdle frictional loss. The exact amount cannot

be stated without elaborate dosigns and computations, but it would be common
prudencs to r~ovide for an overall loss of energy in the order of 30-315 per oemt.
Thus, if 3.5 million tons of freesing capacity is used in the cyciic processes {
over a whole year, nearly onc million tons could be lost, and the corresponding |
amount of energy nceds to be introduced from outside. Both hcat as well as ‘
oold can be used as sources of conergy, alone or in combination.

205. The main sourcs of energy for this project in Icocland is expected to
be geothermal steam, which ooours abundantly in Iceland with temperatures
ranging up to 26000. It is necessary to use this steam for bdoth generating
the refrigeration as well as for ovaporating water from residual brines.
There are at least three general ways of using the steam:

(1) To drive turbines, which in turn will drive the refrigerator
comprossors. Residual ftecam and hot water will be used for boiling
of residual brines;

(2) To drive turbines, which will drive an electrical generator, and use |
the electricity to drive the refrigerator compressor. Waste stocam |
will be used to boil down residual brines;

(3) To use the steam in an absorption refrigeration system without turbines
or generators or motors or any other moving machinery t. oreate
refrigeration. There will be no waste steam.

Of these three possibilities we favour the absorption refrigeration system
based on the Platen-Munters principle, without transfer pumps.

206. Steam by itself is a completoly sufficient source of hcat energy and

the vaporised refrigerant can be condonsed against atmospheric air or running
water. In Iceland there will be unlimited quantities of seawater, and a certain
amount of water from rivers and wells. The availability of huge amounts of ice
in the glaciers of Iceland permits steam to be used much more thoroughly and
officiently. 8ince geothermal steam is inherently a wasting asset, and in view
of prospective expansion of plant, it is advisable to foreseo stean
comservation measures from the very inception. Acocordingly we suggest that
glacial ice be used as the heat sink. Detailed justification of this

important recommendation will be found in the text of the Report.
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207. As for the refrigeraat, the best choice would appear to bo ammonia, which is

alresdy under manufacture in Iceland. The generator would be heatod with stean at

100°C or higher, and thc condonser of the refrigerator would remain (in ice

wator) at about 0°C throughout. Mhethor thc stcam for thc brine ovaporators will .
proecedc or succcud the ammonia systom is a mattor of design detail.

208. Thero arc at least thrco placos in Iccland whore all conditions appoar to .
favour the cstablishment of a marine chemicals complex, based upon the freezing

of scawator and subscquent processing of the brine. One such locality oxamined
physically was thc Solheima Jokull glacier, an offshoot of the Myrdals Jokull.

The ficld oxaminations fully confirmed the avparent suitability of the location.

209, The plant will comprisc thrcc major scctions -
(1) Scawater induction, troatmont and procossing;
(2) Ammonia refrigerating cycle, using geothermal stoam and the
ice produccd by the scawator froesing;
(3) Supplomontary cold from glacial ice sources.

210, A plant proocssing 10,000 tons of scawater per day would yiocld per year
about 10,000 tons of sodium sulphate (anhydrous basis), about 2000 tons of potash
chloride and about 12,000 tons >f magnesium chloride, nlus about 80,000 tons of
common salt.

211. Of these produots, most of tho common salt would bo absorbod within Iccland,
mainly for fish presorvation. The potash would bo all used up in agrioulture.

The magncsium ohloride would be used up locally in making magnosia refractorios
for the cement, aluminium and fertiliszer factories. The soda sulphatc will find

a ready market in nearby Scandinavian countrics for usc in paper pulp manufacture.
There is therofore no major problom to bc seen in disposing of any of the produots,
although, of coursc, a rroper markct study is ossential in due oourse.

212, The capital cost of the project is likely to be betwoon 72 and 3 millions,
exclusive of infra-structural oxpenses such as roads, cloctric transaission linos,
houses, etc. Tho gross income is likoly to bo about "1.6 millions giving a
capital/output ratio of sbout 1.3 to 2,0. At full commcrcial scalc of production
the capital /output ratio is likely to approach 1.0. The total omployment in this
project would be about 120 in all, exclusive of infra-structural personnel.
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213. At the roquest of the Icclandio National Rescarch Council, the Mission
investigated a proposition (tho Lindal Scheme) to manufacture common salt,
potash and various other chomicals from subterrancan thermal brincs by mlti-
stage flash evaporation. The proposition appeared to be sound, and deserving
of further examination.

214. Also at the request of tho Icelandio National Roscarch Council, the
Mission examined a proposition desoribed thrce times since 1959 (Lindal-Tatel
Project) to manufacturoc oommon salt from straight scawater in multi-stage
vacuum evaporaiors, using geothermal steam and vapour recompression inter-
mediate stages. This proposition d4id not posscss some of the attractions

of the othor two propositionst novertheless, since such sohomes exist in
sany parts of the world, and have been thoroughly oxplored, the Mission felt
that there was suffioient justifioation to have it oxamined as well.

215. In the opinion of the Mission therefore, all three propositions
investigated are suffioicntly promising to merit further examination and
preparation of projeot roports in order of priority. The first two propositions
(called for short the Thiagarajan and the Lindal projects) would nced ground
surveys and drillings to prove the goothermal resources underground in tho
specific looations which are suitable. The Patel proposal ocan be implemented
wherever stoam e3ists in proximity to the scacoast. The ocost of the further ‘
studios and investigations were roughly estimated to be as follows:

B3

Thiagarajan Scheme 400,000
Lindal Scheme 300,000%
Lindal /Patel Scheme 30,000

130,000

In the opinion of the Mission, there is sufficient material to indicate that
the frecsing process should have first priority.

/

216. Tt would be advisable to set up in Ioeland a sevarate entity responsible
for implementation of decisions. This body could draw upon the United Nations
resources to formulate short-torm, medium-term and long-term goals and plams.

1/ If undertaken along with or following tho Thiagarajan Schome investigations,
the cost of furthor investigations of the Lindal Scheme might be reduced to
$200,000 or less.




Torps of feference
ter C -] Mission to I

1. The Mission will investigate and report in as much detail a8 possidle on
the following:
1.1 The proposition to manufaoturc sodiua sulphate, common salt, magnesium
salts, potassium salts and other products from seawater bty the use
mainly of glacial cold, geothermal heat and electric power.

1.2 The proposition to use the subter—anean drines in Reykjanes and its
neighbourhood to manufacture sodium chloride, potassium salts, and other
products, by the use mainly of geothermal heat and electric power.

1.3 Incidental to 1.2 above, the proposition to use seawater directly
with geothermsl hoat.=

1.4 The measures needed immediately to verify data and deductions and
colleot additional data necessary for deciding further action.

2, The Mission will indicate in outline the technological and commercial
possibilities of using the direct products of the marine cheniocals industry

to manufacture derivatives, both for the internsl market, as well as for export,
making best use of the internal resources of the country.

3, If in the course of its investigations the Mission comes across any other
possibilities of industrial development, it will be appreciated if these are
listed in a separate report.

4., The main report will touch upont

4.1 Tconomics of production

4.2 Applicablo technology, and

4,3 Stages of project implomentation.
5, The main report will include recommendations for further aotion by,
Anier abis

5.1 United Nations and

5.2 Ioceland.

. The recommendations will include steps to be taken immediately as well as in
the longer terms, both medium and distant. Some indications of the finamoial
~ implications are needed.

S

8/ Not necessarily at Reykjanes.




I. Intpodyotion

301. There was a demand within Iceland for about 50,000 tons of common salt per
yoar, mainly for fish preservation. All this salt is deing imported, at a cost
of nearly US 1 million ner year, mostly in foreign money. Since Iceland has
over 3000 miles of coastline, and large resources of subterrancan hot water

and stoam, investigations had been going on for several years nast to asocertain
whether it would Ye economic to manufacture common salt for fishery purposes

in Iccland by the use of geothermal energy. In 1959 an Indian Consulting
Tngineer, Dr. M.S. Patel, was despatched by the USAID organisation to Iceland

to propare s pre-investment study. The Patel Roportl/ was in favour of a schome
using a conventional triple-cffect vacuum cvaporator to boil down scawater.

302. In pursuance of thc Patel recommondations, in 1960 tho Government of
loeland obtained through the United Nations Technical Assistance the sorvioes of
the Manistoe "ngineering Associates of tho USA to prepare a project report. The
Manistec Report® confirmed Dr. Patel's Report, and recommended further action.

303. At about about that time, Mr. Baldur Lindal an TUngineer in the service of
the Stato Tlectriocity Authority:/ who had done most of tho pioneering work on
whioh the Patcl and Manistee rcports woroc based, was making special investigations
on a hot salt spring in Reykjanes. This spring had a salinity of about doudle
that of somwater, with a composition difforent from scawater. In colladoration
with Mr. Vilhjalmur Ludviksson, r. Linm-’:/ preparod two roports on the sudjcot
for the Icoclandio National Rescarch Council. In the first report® he
recommendcd a largoc complox of industrics ramifying from tho availability of

this brine, togethor with geothormal stoam, clectric power, shell eand, and other
local resources. Tha whole complex appoared to be ®0 large as 0 be beyond
prectioal implementation at that timc, so Mr. Lindal propared a second druﬂ‘l
limiting the schomes to thc manufacturc of common salt and potash, both 10 meet
only the internal roquirements of Iceland.

1/' Reforonce 120,

2/ Reforence 114.

&/ Prosontly a private oonsulting onginecr.
2%/ By that time in private prastico.

Y/ Reference 113.

4/ Teference 111,
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304. All thcse four major projucts suggosted in the roocnt past for the
establishmont of a scawator salts industry worc based on cvaporating scawatcr

by goothermal stcam. Thrce reports suggestcd multi-stage vacuum ovaporators
whilc the fourth went a 1ittlc furthor and includod nrovision for flash
ovaporation, with 16 intcrmediatc stages. The calculations indicatod marginal
profitability.t/ All thosc projects depended upon air or scawater or river wator
a8 thc hcat sink, which would condensc the watcr vaporizod from tho scawater. All
thesc hoat sinks arc subject to somc scasonal fluctuations in temperature, and
ovcn availability. Accordingly, thesc schomcs had beon designcd for the most
unfavourablc possiblc combination of circumstanccs, and under normal working
conditions, thorofore, they would havc much undcr-utilized capacity or slack.

305. Mcanwhilc, thc Basic Chomicals Unit of UNIDO had becn making oxtonsive
studios of the occurroncc of salts in socawater, and the possibilities of
extracting thesc salts on a commcroial basis. Somc discussions with the
Icelandic authoritics rcsulted in an invitation to cheok the application of

the technological principlos to the conditions actually prevailing in Iceland.
One possibility was to subject scawator to intcnsive freezing. The practice
has always cxistod in oold countriel,l/ and in Iccland itmclf in pre-historic
days thc inhabitants had mado salt by froczing scawater. However, nowadays tho
rnatural o>1d of wintors would boc too unpreliable a factor for commeroial
procosscs, so0 a cortain amount of control was cssontial. In ordor to operate
the process on a commercial basis it was nceossary to have a sourec of oncrgy =
heat or cold. It turncd out in the coursc of UNIDO's further oxamination that
tho unique comdbination of large glacicrs roaching down to the scabcachcs, and
onclosing or covering or rubbing up alongside immonsc sourccs of subtorrancan heat
seomod to offer romarkably attractive conditions for oxtraction of scveral
valuable chomical products from scawator. Therc follows in this Report the dats
accumulatod by thc Mission and the conclusions derived thorefrom. In such a short
poriod as a fortnight it was impossiblc to work out a foasidbility study, nor
would such a study have scrved uscful purposc at that stage. It is suggestecd,
howevor, that aftor this reoort has made its impact, onc of tho very noxt stepe
should bec tho proparation of a dotailed feasibility study on the lines
recommendod horcin.

# A rocontly-dosigned plant has 68 stagos - soc "Chomical ™ngincering” Vol, 79
Ko, 15’ 1%8 (pm 86)-

L/ Reoference 52, page 775.
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I1. Sosmator s a Sourcc of Chesicals

306. Soswater contains cvery clomont on carth, in proportions remarkabdbly
similar all over the world.:/ The principal ionic constituonts may bc taken as
follows:

Parts por Parts por

Sation <Alllion. Anlon Abllion.
Sodium 10,600 Chlorido 19,000
Hagnesium 1,300 Sulphatc 2,700
Calcium 400 Bromidc 50
Potassium 360 Othor 15
Other 100 —
Total 12,760 21,900

™o total s0lids in scawator (3.466 per cont in the above) can vary from place
to placa, but not a groat deal. Tho variation, though small, is of immensc
importancc in occanography, dut not to extraction of chomicals. Scawater is a
substance of marvellous comploxity. It contains cvory clomtn known on the face
of tho earth (oxcopt a fow laboratory ouriositios) in such inextricable
combinations that to this day nobody has boen ablc to roproduce soawator
synthotiocally. Tho sca, tho sun, tho air and the carth arc all in tho olosaost
possible dynamic association, responding fairly quickly and ocompletely to small
changes, whilc proserving the ovorall oonditione unaltered. One of the aarved
is how tho composition of the sca has remaincd unchangod through geological
agos, dospite the fact that the composition of thc salts in river wators is
quite diffcront from thosc in thc sca. Another somcwhat surprising faot is that
the proportions of salts in the sca are almost oxactly the samo, in all parts
of all tho ocoans. It is this uniformity of composition which pormits tho
application of rosults gathcrod in one placc to any othor place.

7. (1) The snions and cations of scawator can combine together in difforent
vays to produco differcnt salts. "hcre soawator is oxposed to thc sun and wind
for froc evaporation at ordinary ambdient tomporaturcs (as in solar evaporation)
tho soquencc of salts producod will be as mentioncd in Anncx II. Tho important
range may bde illustratcd as followss

4/ Ses Anmex II for some detail.

¢ -

-
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Iable 1l
Prodyct of gities (B¢ o8
3 2 12 25 27 .
Iron oxido L 5
Chalk (<(:alcium carbomto; 3 12
Cypsum (calcium sulphatc 12 27
Sodium chloride 2 ‘
Magncsium aulphatc«:-// )
Magnosium chloride Fy)
Sodium bromidc ﬂ

The chiof features of this soquonce is that most of the 400 ppm caloium is
c¢liminatcd at an carly stagc, taking with it 1000 ppm of thc sulphate. Noxt
follows the major product, sodium chloride. There is lcft a rosidual bdbrine
sontaining everything clsc.

(2) '“hon scawator is boilcd down, a cortain amount of wator cvaporates,
after whioch salts arc dcposited. Thec kind of salts produccd, and thoir scquemce
arc more or loss thc samc as undor solar evaporation, i.c. caleium ocarbonate,
ocalcium sulphatc, sodium chlorido, magncsium salts.

308, But whon scawator is subjected to froosing, thc coursc of reactions is
diffcrent.l/ The full scquence has buen worked out by Ringer and confirmed

by Nclson and Thompson. Thc first product of froezing (beginning at -2,2% or
28°F) is ice, and only ice forma:y, until by about -8,3°C (17°F) about 88 por ocont
of the water has been climinated, lcaving a strong brinc, practically at the
point of crystallisation. All the ionic constituents of scawatcr arc left in
the brino, which by now has becomc concontratocd about tenfold, relative to
soawator. Upon further cooling, godjum sulphatc bogins to crystallise (with

10 moloculos water of crystallisation), and continucs to orystallisc, until the
brinc tomperature reaches -2300 (-9°F), by which stage almost all thoc sulphate
in the seawater has boen orystalliscd out as sodium sulphatc. Further frcesing
rosults in a scrics of salts, but sinoc thoy do not enter into this pasticular
projoct plan, thoy are not described horein. The full production of sodium
sulphatc can reash 4000 parts per million of scawater (calculatod on anhydrous
besis). This thcorctical maximum is, of course, unattainablo in commeroial

)/ See Annex II-D.
2/ Rcferonce 3l.

%/ Small quantities, really contaminants or ocolusions: the main quantities
remain in solution in the residual brinc,

#+/ With occlusion of brine.




-25 -

practice, but a yield of 3500 ppm is a practical target, and is roachod by tho
stagc the brinc reaches -13°C (8°F), a tomporaturc which is quite roadily
roalisadble.

309. The yield of sodium sulvhate is only about 0.3%5 per cont of scawater: henco,
roughly 300 tons of scawater must ce procossed to yiold one ton of sodium
sulphate. As a process for manufacturing sodium sulphate alonc this may not

bo oconomic, but becavsc thore are othor rccoverabdblc salts in scawater, undor
suitablc conditions the process beccomos commercially attractive. In countrios
with demand for both sodium sulphatc as woll as sodium chloride, and having
freo access to rock salt, the sodium sulphate may be worth five to> twonty times
a# much as tho sodium chloride. In Iccland, thc first 50,000 tons of sodium
chloride may bc absorbed locally at relatively high prices, but thereaftor

the normal ratios will prevail. It is obvious, thereforc, that it would be far
better for Iceland to manufaocturc sodium sulphate than sidium chloride. The
proposals to boil down scawater thoreforc will not command first priority.

310. Cold concentrated soawatur has the capacity to dissolve calcium sulphate
(gypsum or anhydritc) and this sulphate ion can producc more sodium sulphate.
The bost working conditions romain to be detormined by actual test, but it may
be possible to causo a threc-fold increase in sodium sulphate contont by this
mears. If only Icecland had deposits of gypsum this would be a fine process,
but Iccland has no gypsum. Imnorted gypsum or anhydrite would cost 710 per ton,
but oven at this ratc there is profit to be mado, and cortainly this is onc

of tho steps which must be soriously considecred.

311. After the sodium has boon removed from the brine, the latter exchanges
its cold with fresh scawater in stages and is thon boiled down to recover
common salt. Ordinary multi-stagce vacuum or flash ovaporation could bo used
for the purpose, and the t>chniruc is well known. However, a fairly heavy
capital investmont is roquired, and a good deal of maintenance is also nceded.
The evaporation consumes power, in addition to steam. In this particular case,

thoreforc, it may bo bettor to usc a simple grainer pan for evaporation. The
grainer pan is just a flat tank fitted with stcam coils and often has an
elovator boot to tako out the solid salt, to reduce labour. The grainer pan
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is simple and checap to construct, and can dc made for very little operational
or maintonanco work. Bcst of all, the salt it produces is coarsc-grained, good
for fishories purpose, whcroas vaouwa pan salt is fino-grained, and would
roquire compaction.

3J12. Once the major part of thc common salt has been oxtracted from the
brine (by any of tho thrce mcthods montioned) the further processing could
follow as delows

(a) Troat with chlorine t5 cxtract the bromine

(b) Add potash and chill, to rocover carnallite

(6) Boil down brinec for oalcium chloride and tracc cleomonts

(8) Docomposc carnallite into potash and magnesium chloride and extract

them soparatoly.

All thaso procosscs arc more »r less conventional and predictablc.

313. The manufacturc of maximum sodium sulphatc from scawater roquiress
(1) the separation of water from scawator by a proooss which will not cause
gypeum to precipitate. (The only known practical procoss is froesing)
(2) tho furthor froesing of thc scawator to yicld sodium sulphate.

Thore is an alternativc routc available, namely, to evaporatc scawater (aftor
chemical scparation of its contont of calcium), allow common salt to form, and
thon oxpose tho residual brine to freczing. This would roduce the freoczing

load considorably, but would inoroasc thc domand for stcam. This alternative
was not investigated by tho Mission, bdcausec the dircot freozing proccss appeared
to offer bettor nrospocts. Lack of timo prevonted considoration of other
similar poseidilitics. If, however, the detailed investigation of freesing
soawator dircotly indicates lack of promisc, then, indced, it may bc worth
following up tho alternative possibilitios.

314. Artificial refrigoration is quito costly, and sodium sulphato is a
comparativcly cheap chomical, 85 it is commorcially impractical to froese 300
tons of soawator down ¢o -23°C just to manufacturc one ton of sodium sulphaté.
However, tho donth of rofrigeration necded for this process coccurs naturally
during wintors in the highor latitudes of thc world and oftcen the cold is
preserved in glacicrs and perma-frost. Thesc climatic ciroumstanccs have deen
usod oocasionally in the past for sanufacturc of sodium sulphato, e.g. by



spraying scawater ints very cold winter air and eollecting the crystals which
form. Such manufasturc has bcon conducted sporadically and rathor unscientifi-

»
oally.-/ A proper commercial vanturc would make a sound theorctical analysis,

ideontify the important paramcters, and thon preparc designs which make bost
use of all oxisting natural circumstances, supplomented by artificial aids.

315. Out of the 34,000 ppm of salte in onc million parts of scawater, romoval

of 3500 parts of sodium sulphatc will still leave ncarly 90 per cont of the salts
in the form of a concontrated brine. This brine londs itsclf to very simple
methods of trocatment. Onc obvious line is to inercasc the output of sodium
sulphatc as montioned in paragraph 310 abovc. Alternatively, simple boiling-down
in open-air grainer pans will yicld 20,000 parts of common salt as large grains
suitable for fish curing. “hon the mother liquor from this stage is treated
with magnesium carbonatc, it results in the almost complete removal of calcium
as carbonate, and also the removal of minor ingredients like strontium and
boratc. The roesidual brine now contains only sodium chloride, magnesium chloride,
and a fow cloments in smallor quantity, like potash and bromine. Treatmont of
this brine with potassium chloride results in ncarly complete romoval »f the
magnesium as carnallitc, leaving a brinc consisting esscntially of sodium
chloride alone. This brine is returncd into the sodium chloride systom for
orystallisation. The flow sheets illustratc the various stages. At a later
stage, a bromine recovery stage could be addcd.

316, Basically the processecs suggested arc simple and inexponsive. Thoy depend
for success ontircly upon the availability of geothermal hcat and glacial cold,
both of which Iceland possceses in abundance., However, it can be readily
perceived that thoro are scverai inportant physico-chomical problems involved,
combined with other engincering problems. Some of thc processos to be ecmployed
arc unconventional, and much of thc design will have to be donc ad hoc, However,
with the correct doeign and proper application, succcoes is likely and thore will
bo good prospocts for this industry in Iccland.

317. Iceland's rclatively mild climate calls for scoondary refrigeration. A
comparatively short distance away, on the east coast of Orecnland, the natural
cold is so groat that no such devices would bc necessary, and simple exposure to
air would suffice. Howovor, thoro may be disadvantages in somc other respocts,
eopocially the diffioulty of rotaining technical personnel in such an
inkospitadle envirommout.,

&/ Cf. paragraph 305 ante.
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III. Progesp Desig Congiderations

Conce wat by freszi

318. (1) From the foregoing it will have become evident that the freezing
prooess would result in production of chomioals of greater value than by the
boiling process. On the other hand, the froozing process is also the more expen-
sive, so that some calculation is needed to ascertain which process would yield
greator not advantage to the oountry in futurc. In this Report, we oonsider

the freezing procossus first.

(2) From pre-historic days the inhsbitants of polar countries have known
that scawator aexposed in shallow ponds to winter cold can yisld various salts.
The Icelandic sagas thomsclves recount this as a systematic mcans of manufac-
turing salt in ancient days. Morc ofton, goawater was allowed to freeze, and
the resultant ice was removed, lcaving a concontreted brine, whioh was thon boiled
down for salt. The practice sprecad, and was widely current at onec time. The
groat Fronch chemist Balard in 1829-1850 used winter cold to manufacture a wholo
seriass of salts from sovawator residucs in the Fronch Riviera. Subsequently
the proocss wag introduced into the German salt works at Stassfurt, and in tho

1870's many thousands of tons of sodium sulphate wore manufactured by oxposing

brines to winter oold.-z/ Somotimes the brines arc sprayed into tho wintor air

to ensure quioker cooling. Bucruse winter oold was often inadequate and always
unroliablc, it was often supplementced by mechanioal refrigeration. Thus, as a
goicntific prinoiple, the manufacture of sodium sulphate by froezing of soeawator
can bo said to have a long and honourably history, so thorc is nothing novul or

questionable in the prineciple.

319, Liko many prooussus inventod in the carly days of tho chemical industry,
this freezing process soon met fioroce competition, hoth from choap sulphur as
woll as from chusp pyritos. The Hargreaves-Robinson process of manufacturing
sodium sulphate from fluu gascs and common salt was espeoially sucocessful.
Bventually, the soawator froczing mcthod fell out of favour and today probably
survives only under specially favourable conditions. Somc¢ common salt works

may still be oontinuing the practice, sinoo all the cost of producing this

1/ Roferonce 22, page 20,

2/ Ibid, page 24
3/ Reforence 52, pags 755.
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brine would have alroady boen recovurcd on the main product, oommon salt, but
in most casos thore would have boen no sconomio justifiocation for subjooting
soawater to freezing only for the sske of manufaoturing sodium sulphate,
because the oost of rofrigoration would have boon far too high.

320. There has beon a romarkable transformation in the situation in reocnt
yoars. The USA has dovotod cnormous cfforts to the oxtraction of fraush water
from saline waters, and espuoially from scawater. Onc major linc of rascarch
was froeczing out puro ice from salincs. The Offioe of Saline Water, Depart-
mont of the Interior, has publishod many reports directly bearing on this
process, Many more sponsored rasearches have been undortaken, and the
reports have beon published clsowhere, Onec of the most valuable of such
reports is that by Nelson and Thompson in 1954.y Following the lead of tho
USA, many other Governments have becomo kaonly interostaed. The Unitod Nations
has oonducted a largc and important Sominar on the subjeot, and publishud a
long report, mentioning the offorts made by many countrios.

321, As oan ba seen, vory oxtensive work has been done in rooont years on
freozing of seawator. Unfortunately, for our purposes, in most ocasos the
freczing was disoontinued by the stage of 40 to 50% ooncontration, long befors
there was any ohanoe of salts baoing produced. The roason is that as the brine
bocame stronger and stronger, its freeszing point booomos lower and lower, and
the oosts of further froozing grows graator and greater. 8ince the oost of
freoging is one-soventh as much as the cost of boili and as the only oon-
sideration was produotion of frosh water, it was moru cconomic tc discard
brine when it was only half saturated. However, the large number of thooreti-
cal and practical studios is a sourcs of information of inestimable value. As
regards the officacy of the froezing process, in 1955 it wae stated that

"A proliminary laboratory test (of oounter—ourrent
washing) with eleven contacting stages gave an 80-90%
yield of potable water of 14 ppm salinity, and 10-20%
of waste water with 190,000 ppm salinity."}jn

1/ 800 references in Appendix I, Part II
2/ Reforence 31

}/ Roforonoe 49

4/ Reference 834, page 241.

5/ Reference 61, page
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Rapid advanoes have been made sinoe then and efficiencies are much improved,
Thus, even before the Mission set forth for Iceland it was known that the manu-
facture of sodium sulphate from seawater by freezing was technologioally
familiar, but required strong techno-economic examination to determine its
commercial feasibility in the Icelandic context.

322, (1) The scales of production found in the model designs of the USA range
from 2.5 million gallons a day to 50 million gallons per day (3-1/2 to 70
million tons per year) of water produced. The smallest unit for which detailed
cost estimates were produoed approximates to double the size suggested for
Iceland as the initial stage; henoe the figures may be taken as generally
spplicable., Of oourse the object of the exercises of the Office of Saline
Water was the production of fresh water, and the freezing was taken only down
%0 the point when about half the water in seawater had been frozen outs
howsver, these results are fully applicable to the recommended Icelandic pro-
jeot, with minor reservations.

(2) It turns out that a complete plant for the freesing of seawater on
the soale nesded in Iceland would oost in the neighbourhood of about Ussi-1/2
millions, and the fresh water that is produced would cost in the region of
60 ocents per 1000 gallons i.e., about 15 cents per ton. The cperation oosts
are on the high side, and we therefore sought means of reducing the cosats.

(3) The existence of large glaciers in Iceland appeared to offer a cheap
source of freesing energy. The direct application of ice to seawater (through
an intervening separator) would not be of any use, beoauss ice at normal
pressure in oontact with pure water melts at 0°C. whereas what is needed is a
assans of resching a temperature of -23°O, or at least -13°C. Simple pressure
spplied on the ice would reduce its temperature and melting point, but the
smount of pressure needed to reach -23°C would be quite high. Such pressures
are in practioal use, for example, in the reverse osmosis process of desali-
nation, but are by no means sasy to apply. Another and simpler method is to
dissolve oommon salt in the ice. When about 20 to 25% salt dissolves in the
ice, the temperature of the solution is reduced $0 about -23°C. This freesing
aixture, when applied to seawater in successive stages with intermediate
recovery of the oold of the previous stage, would effeot the desired purpose.
This has actually been done on & pilot plant basi and has been seriously

)/ Reference 834, page 110.
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proposed for commerocial cperation, but there are practical difficulties in
dividing the entire freezing effort into small inoremental stages, and recover-
ing the oold energy of each stage separately. Henoe, we oonsidered that a
further alternative should be investigated.

O of

323. (1) The operation of the recommended process depends upon the stagewise
freezing out of fresh water ice from seawater, followed by the deeper freezing
of the resultant concentrated brinc to yield sodium sulphate. Pure water
freezas at 0°C (32°F)., Seawater, howevar, (with about 3.5% dissclved matter)
begins to freeze only at about -2.2% (28°F). Decper and deeper freezing is
required to oause mcre and more ice to form. At about -8.300 (17°F) about
88% of the seawster has turned into ice, and the residual brine is ready to
form sodium sulphate on further cooling. The preduction of sodium sulphate is
almost oomplete by about =23°C (=9°F),

(2) In commercial prectice, it would not be economiocal to take the brine
down all the way to -23°C. It would probably suffice to reduoce the brine
temperature to about -13°C (9°F), at which stage some 92% of the sodium sul=-
phate will have crystallized out. A little of the sulphate criginally brought
in by the seawater will be left in the brine., This, however, can be ignored,
as in oommercial practioe it will not be thrown away, but will be recirculated
or sold as "residual salts",

(3) Agein in commercial practice, it would be economical to dissolve soms
mineral gypsum in the cold brine tc inorcase the output of sodium sulphate.
Theoretioally, the yield of scdium sulphate oould ba doubled or trebled without
considerable side reactions. Sodium sulphato is more wvaluable than gypsumj
honoe, the uscfulness of this step. Naturally the yicld of sodium chloride
will be correspondingly reduoed, but of all the products of this industrial
complex, common salt would be the cheapast, zo it is all to the good to loss
sodium chleride and gain sodium sulphatoa.

(4) The cooling of scawater oan, cf course, be affected by simple mechan-
ioal refrigeration only, without any cther supploment, but such refrigeration

1/ Bee paragreph 363 (..)
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is fairly costly - of the order of 50 %o 60 oants per ton of freezing, or evan
more. Dven allowing for 70% recuperation of the oold values, it would still
cost 15 to 20 cents per ton of refrigeration. An Ioelandic consultant,

Mr. Svenn Einarsson, estimatas the energy cost of the compression refrigera~-
tion system to ba 4-6 cants per ton, using geothermal steam. The cost of ice
was mentioned as 14.5 conts pur ton.1 Assuming that 300 tons of refrigera~-
tion (of seawater) arc needed per ton of sodium sulphate (anhydrous basis)

and that half the cost is borne by the sodium sulphata (the other half by
other produota), meohanical rafrigeration would cost about $20 to $30 per ton
of sodium sulphate. This is too oostly for the production step; hence, full
meohanical refrigeration was not regarded as too promising. Indoed, if simple
meohanical refrigeration could yield sodium sulphatc at economic rates, Iosland
would have no competitivs advantage at all, and whoaver wanted sodium sulphate

in the world would maku it himsoelf by freezing scawator.

(5) Our proposition was, therefore, to consider uging the reservoirs of
geothormal heat and the cold looked up in the Icelandic glaciors in a commar-
cial process to freseze out fresh water from gaeawater, Two questions arise in
this connexions firstly, will there be suffioiont ice in the glaoiars through-
out tha yeari and sccondly, can the cold be axtraoted and applied to the sea»-

water economically., Tho first question is disoussad later in this Report

Considoratio

324, Most of tho oold put into the scawater iov is roooverable in suitabla

heat exchangers through a suitable devioce, using a liquid transfer agent. If
tho oxchange of cold ware complete, the whole system would be praotioally
self-oontained, seawater entering the systam and products leaving the system,

at the same tumporature, with very little net energy supply. In aotual prace
tioca losses are to bo expected at several points. The amounts of losses oannot
be praedioted, but as a first approximation we are taking an over-all loss of

30 to 35% of the oold requiromente, which must tharofore bo kapt suppliod
continuously., In simpls torms, if it is intended to procoss about 3-1/2 million
tons of scawator, somoc 3.3 million tons of ice will have to be frozen out of

)/ Private communioations dated 20 July 1967 and 3 August 1967
*#/ Paragraph 387
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the seawator. This wculd theoretioally oall for the use of 3.5 million tons
of ioe equivalent., Of this quantity, in actual practiocc about 1 million tons
will have to be new ice uquivalent, the rest being recovored from tho system
and reciroulated.

The ice has to be applied to the seawator as a rofrigerant aid. It is costly
to excavate end transport millions cf tons of ice. Fortunately, it is not
necessary to do so. Onc way cf avoiding ice transport is to produce a rofrig-
erant from tho ioe capable of frouzing seawator down to -23°C. One idea was
to sprinkle solid salt over the surfaoce of tho glacier. The salt and the ioe
would combing of their own to form a liquid mixture, with temperature dcwn to
-23% (-9°F), and oontaining about 20 to 25% salt. This idoa was the simplest,
but the difficulty of reouperating thc salt was too great. The onc million
tons of iocc would have dissolved 200,000 tons of salt. This is far too large
& quantity to be thrown away, so it has to be recovered and re-used. It is
necessary, thereforc, that the brine be evaporated (c.g. with geothermal steam)
to yield solid salt oontinuously. There will, of course, be a steady frictional
loss of salt from the systom, but the quantity and ooust would bo small and
within accoptable limits. Where stecam is expensive, suoh ovaporation is
generally done in multi-stage evaporators, in whioh every pound of new stoam
oan result in evaporating sevoral pounds of water. However, such plant is
large and ocostly, and would noed & zood doal of attention. In Iceland it is
assullcd that large quantitios of a low=-grade steam would be available at low
oost, of tho order of 10 to 15 US oents por ton. Hencoc, it might have been
practicable to apply the steam in simple grainer pans, in which thers is no
steam rocovery or re-uss, For evaory ton of sodium sulphate produced (i.e. 300
tons of ioe) 100 tons of wator have to be ovaporatods hence, at least 100 tons
of steam, At 15 oents per ton of stcam, the stoam cost per ton of sodium sul=-
phate manufaoturad would be $15. Only about half this cost should be booked
against the sodium sulphate, for the residual brinc is at least as valuablo as
the sodium sulphate, Furthermore, at lcast part of tho stoam oan be roecovered
and used, The hot water which results may also have some value in space heat-
ing. On the othor hand, hoat transfer efficiencies arc nover 100%. Also,
therc is a certain amount of aquipment cost in transferring the hecat. Taking
both oredits and debits into aocount, the figure of $15 stoam cost per ton of
sodium sulphate may be allowed to stand, until morc acouratc figures are
available. The oost is within reasonable bounds. Howover, due to the theoretiocal




and practical difficulties involvod, this method was not pursued vory far

ponding examination of froezing by use of sacondary (transfor) rofrigerant or

othorwisa,

325, Saeawater enters the system and scatar compononts leave tha systom to the
oxact oquivalont. The scparation is offected mainly through refrigoration in
stages. Several choicus arc possibloe. For instance, ~ partial vacuum could
be created ov.r the soanwater by a stoam jet cjector and this would avaporato
the scawater ond also cool it down to any desired degreo. Such procusscs ars
wall documented. There =re several advantages in suoh 2 system - simplicity
of plant ond control mechanisms, flexibility of operations, quiok and dircct
affocts, little lose in energy transfors, uso of low-prassure gtcam, non-
contamination, no meving parts, simplo maintenance, no high-pressurc punps or
pipes, no exponsive transfer refrigorants, ctce Whore ice is available for
vapour condensing, thc officiency will be very good. But there are disadvante
ages as wull, mainly non-recovercbility of latent heats, large volumcs of
vosscls and piping, less and less officiency with lowering toemperatures,

large quantitics of stcam required, waste of 2 good natural rosourcc, ote.
Whore low-grade stoam is abundantly available, and where the hot wator whish
will bo produocd can be used profitably (¢.g. for space heating), wiro may
well b an eoonomic future in such ¢ process. The area around Royjavik appears
to fulfil most of thesc pre~conditions. For want of timu and access to refare
oncos the Mission had to leave this clement of study to a lator stagee Sincu
thore has to bo close liaison with municipalitics and the buildings industry
such a study had best be donc by a firm of qualified and exporienced consulting

ongineers,.

(2) The mors common freczing process is to apply a refrigerant to tho
seawater., Rofrigorants can bo used in dircct contact with goawator., Tha e
frigerant (usually some fluorocarbons or the lower-carbon hydrocarbons liko .
propane and the butancs) are usually cheap and fruely available and, since tho
ice produced need not be of potable quality, the plant oan bo oonsidaerably
simplified. The Officu of Suline Water in the USA has got up an exporimental .
plant with an output of 1000 tons per day.g'/ However, the rageneration of the

1/ Reference 83A, page 244, A demonstration plant is funotioning in Israel.
Sce also refarence T5.

2/ Reference 74; and refurunce 83A, page 242,




- 35 -

rvfrigerant and its raecirculation calls for plant with many moving parts and
requiring a considerable amount of ocontinuous attentiont therefors it is pro-
posad to considor also the use of an indiroot refrigerant, transferring heat
and cold through metal walls. In such o systom, the refrigerant in the form
1f a 1iquid is made to evaporato inside a container of some kind. The heat
required for the evaporation is taken from outside the oontainer, and the
material outsido (in this oase, seawatar) is cooled down as a result. The
vapour of tho refrigorant is then subjected to n higher pressure, when it
agein oondonses to a liquid, releasing latent heat. This latont heat is dis-
sipated in some manner (c.g. to tho air or to cooling water or to ice) and

the 000l liquid is again in a position to ovaporate and exercise its ocooling ]
effaot,

(3) T™wo important factors in this rofrigeration procoss ares

(a) the craation of a pressurc diffarentinl in the refriger- |
ant batwaen condensing liquid and evaporating liquidj; E
and

(b) transfar of the material along the oyole of changes.
The use of a mechanically=-driven comprossor achiaevos both thase purposes. The
compresscr compressos the vapour into a liquid, while a oapillary tube holds
the pressure and permits theo liquid to enter the ovaporator saotion at a
oontrolled rate. This is the conventional mothod of oreating rofrigoration
for all purposes. It is a standard process, wecll understood and applicable
at any levol of production. Its weakest point is the compressor and the motor,
They have to work continuously and therefore roquire maintenance. Of course,
there are machincs nowadays which can work without attontion for thousands of
hours at a stretcht novarthaeless no machine can bo altogether foolproof, and
somo periodical attention to the moving parts is cssontirl. A further woak-
ness in this systom is tho neoed for bearings tc¢ hold and support tho rotating
axles. Those require lubrioation and are always liablc to leak. BEven a
mainute loak oan a.low a lot of rofrigorant to laak away in the course of

months or yecars. In the past few years compressor manufacturers have developed
the so-oalled canned rotor, wherc thoro is a stainloss stecl shiald encasing
tho ammaturce of the cloeotric motor integral with ths compressor chamber, so
that no leakage of comprossed material is possiblo through the motor bearings.
Howover, these motors have to saorifice somu officioncy, and are therefore
ocostly in power,
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In the Iocelandic contaont it would ba best to have 2 plant which can be left
40 itself for months at a timo: hencc the compresscr system of rofrigoration
was not so attractiva,

(4) ™o type of refrigerating procsss whioh bast satisfies Iccland's
requiremonts would appear to be the absorption gystem of rofrigeration, using
the molooular pressures of solutions. In this systom the refrigerant fluid is
vopourised and the vapour is absorbed by some material (solid or liquid) which
has o strong affinity for it. Pairs in common use are ammonia/water, ammonia/
ealcium chloride, lithium bromide/water, various organic chemical pairs, ato.
It is the ovaporation of the liquid refrigerant which orcates the ccld, The
vapour is absorbed by the affinity-pair, called the absorbent. When the whole
quantity of rofrigorant is evaporated, the action comos to o halt, and it is
necessary that the rofrigerant be rogenerated. Usually simple hoat will
soparate the rofrigorant as high-pressure vapour, which can be reedily conden~
sed into & liquid by air~cooling or water-cooling. This process is thorefore
intermittent, and the absorbont material mumt be alternately heated and
coolod down for it tc oxort its offoct. If a somblance of continucus action
is nouded, it would bo possible tc have o serius of such units, working in
sequence, with a rosorvoir of liquid refrigerant, which would provide a contin-
uous supply. Thus, while cach separato unit would function intermittontly,
the refrigeration itsolf will be continuous and unintorruptod. This system
has certain advantages, but therc arc so many moving parts and changing sequon-
oes that it would not be prudont to leave it to work by itsolf in a romote
part of the country exposod to sevarc climatic fluctuationss therofore it
was not rogarded as being among tho bost choices for Iceland in this context.

(5) If the absorption systom is to work continucusly, it ocould be
effectod bty using a transfer pump to move the rofrigerant from the absorbding
chamber into the regenorating secticn against the prassure of tho hot refrig-
erant vapour, This is indeed, the oommon mothod adopted for domaestic refrig-
oration bagod upon the absorption system. It suffors from tho samo dissdvani-
sges a8 the ordinary compressor system, which functions without absorbent,
There is therefore not much advantage in choosing the absorption system with
transfer pump in preference to 2 straight vapour comprossion refrigerator.
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(6) T™e last devics to be considered is the Platon-Munters varioty of
the absorption rofrigoration systom, of which the Elgctrolux is a typiocal
oxamplo. In this dovice, thero ars throc sub-systemss

(a) Goneration of ammonia gas under high prossure from a
strong solution of ammonia in wator (agua gmmonia) Yy
heat, and oooling of the vapour to form liquid ammonia,
while the separateod water vapour condensos and raturns
saparately tc the system;

(v) Transfor of liquid ammonia by gravity into the evapora-
tor soction, whore it evaporates undor a low partial
pressure, genorating cold;

(o) Transfor of thc vaporizoed ammonia into the wator system
to re-form strong (gqug) ammonia, and rcturn of the
aqua munmonia to start the oycle again.

The partial prossurc of ammonin vapour is reduced by providing an atmosphera
of a permanent gas, usually hydrogen. This same hydrogen sorves to transport
the ammonia vapour from tho ovaporator into the absortor section. Hydrogen
is tho best of all the possibla pormancnt gasos because of cheapness, high
thomal conductivity and low density. However, hydrogon diffuscs through
matorials rathor roadily, and can also form explosive mixtures with air. It
should bo possible to use helium instead. It is non-inflammablc and chemi-
oally completely inert, and nowadoys it is in world surplus. The disadvantego
is that it is twicc as hoavy as hydrogen, but this disadvantsge is of no oonse-
Quonoe in an Icolandic context bocause the height of the two gas limbs (plain
hydrogen vorsus ammonin~ladon hydrogen) can be of any length up to several
hundred motres.

(7) ™o Platon-Munters systom has no oomprossors or pumps Or valves or
any othor moving part whatever, and therofore it is as foolproof as any system
can possibly be., It can function oontinuously for many months on oend without
any attention at all, In the Icelandic contoxt, thereforc, it would appear
40 da best to concentrate attontion on the Platen-Munters rofrigaration oycle.
It is not intonded to imply that this is the only possible systom, or that it
is tho best system for the Iooclandic conditions, That it is a good and work-
ablo system is unquestionable, and that it could be applied to Iocelandio oon-
ditions is caertain. We had ncithor time nor the resources to reviow all the
many possible systoms in dotail, and it is only for this reason that detailed
consideration was limitod to the Platen-Muntors systom. If tho project reaches
tho stage wherc dotailod estimates have to ba worked out, we roocommond that all
the other systoms be roviewed s well.
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(8) In tho absorption systom of refrigerntion the main roquirement is a l
source of hoat, which is nceded to drive off thu refrigerant vapour from its ‘
combination with its conjuzate. This vapour is goneratod at fairly high tom=
peraturc and pressurc. The vapour moves fron the gonerator into the condonsor
and is thoro cooled, so that the vapour is liqueficed. Tho usual cooling
arrangemant is cithur air or the coolest available water (the hoat sink). The .
dosign of tho refrigeration plant has to be basod upon thu available factors,
of which tho most important arc tho tempornturcs of heot source and hoeat eink.

If both theso tomperaturcs con be rclicd upon to remain fairly stoady throughout
the year, the dusign problems are to that oxtont simplificd, If oithor or

both tomporaturvs ~rc varicbls, tho design must boe bosed on tho combination

of the most unfavourablc conditions, and this implivs that for most of the

time, whon thc tomperaturcs nr: more favourabls, the available capacitics will
bo undor=utilizod. In turn, this implics oxcessiva capital exponditurc on
plant, and corrogsponding fixed nnd operating charges. This point will raceive

dotnilod attontion in a later oha,p*t;er.1

(9) The Platen~Munters system is rarcly uscd in large-sized plant or
for industrial purposes. The rcasons for this situation arc obscurc, but at
loast ona reoson is said to be tho powerful influonce of compressor manufage
turors. Pxtonsive cnquiries did not yicld any scrious objeotion to this
rofrigoration system, which appears eminently suitod to the Icclandic situation,

Refrigopratio ion C atio

326, Elemonts of §ygtom - choicc of rufrigerant

(1) An important consideration is the choios of = suitablo refrigerant.
Some factors aruv as followss

(a) The worksitu will be romotu, diffioult of nccees, likely
to become isolated in winter, and poor in transport and
repair facilitics. Honco the refrigerant must bo as .
snfc as poseibla,

(b) large quantitics of refrigorant would be roquirod - may=-
be of the order of 100 tons or mor:. Hence ohcapnoss .
would be an important point.

1/ Paragraph 359

2/ Ruppwright - "Thc Absorption Systom Comes Back" - "Rofrigorating
Bagincering” 1937, 34, 93. Sec also Andursen (Roforonce 3A) page 193.
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(¢) ™e working range of availablec tomperatures would be a
gonerator tomporature of about 100-120°C and a oondensing
temperaturc of (°C, The scturation vapour pressures of
the roefrigerant must not be oxcessively high or exocss-
ivoly low in this rangc.

(a) Thermodynamic properties and chemical behaviour must bo
takon into account, Thus, the freezing point must be
well bolow -30°C, vapour pressurc at -30°C must be appre-
olable, the latent heat should be high, the liquid
spaoifio heat low, tho vapour specific heat high, thor—
mal conductivity high, viscosity low, chomically inart,
heat-gtable, ncutral pH, non-corrosive, unrcactivc with
metals, wator, oxygon, or air, non-toxio, non-inflammable,
strong smelling; uto.

(2) No single refrigerant can posscss all these desirable properties $o
the full dosirable oxtant, and honce the ohoicu of rcfrigerants has to be

based on o oompromise., On this oompromisc a diversity of opinions is possibdle.

(3) ™e following refrigerants werc briefly studied in this survay

Ammonia

Sulphur dioxidu

Carbon dioxide

Sulphur hoxafluoride

Freons (11, 12, 21, 22, 113, 114)
The physiocal charaoteristios of those rofrigorants aro briefly summarized ip
Annex V,

(4) On a balanco of considerations, it was deoided to recommend oon
sidcration on ammonia as the refrigorant of choioo, with wator as absorber
and hel:um as ocerrier, if it is readily available at coonomic oost. If not,
tho more usual hydrogen oould be usad,

(5) Ammonia is already boing manufactured in Iocland in rolatively large
quantitics, and the small requircmonts of this plant can ba roadily met, It
has a vory high latant haeat of vaporization. It is not readily inflammabla,
Its pronouncod pungency of odour would provide amplo warming long before a
toxio conocentration is roachod., Its pressurcs within the fixed tomperature
rangs arc substantial but not cxoessive. It has a high speoific hoat = highey
than wator, as a matter of fact, There was not a single major objection to
the use of ammonia as thoe refrigerant. As for hydrogan, tho Ammonium Nitrate
Portilizor Plant Inc. of Iooland manufactures hydrogen (for its ammonis syntheais),
and is already piping a part of its production to a neighbouring fishoil hydro-

genation plant, There should be no particular difficulty in securing supplies
for the scawator refrigerating plant as well.
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327. Gheige of Coolant

(1) In any cyoclic refrigeration system, the hot refrigerant vapour has to
be cooled for regenration. One of the customary cooling agents is the air.
I$ is available free of cost in limitless quantities and this is its chief
sdvantage. Another great advantage of air-cooling is that the cooling unit
can be situated quite close to the generator unit. A third major advantage is i
that the heat sxchanger is & simple asseablage of finned pipes. But air as a
coolant suffers from certain dissdvantages. It has a low capacity for absorbing
heat. DBeing gas, the rate of heat transmission is poor. It is often polluted
and therefore corrosive. Its oxygen content is resctive. It is part of the
climatic environment, and therefore subject to climatic fluctuations. Thus, the
air may be quite still one day and blowing a gale on another day - the struo-
sures aust be able to cope with both. The fastor which most affects its cooling
power is its temperature. In Iceland, for instance, the air temperature during
winter may reach nearly -30°0V while in the height of summer the record tem~
persture has risen to nearly 30°C. This wide fluctuation is, of courss, most
exceptional, but a range of 40°C between wintsr low and sumser high is not un-
ocommon. The plant has to be designed to function efficiently even with summer
air of 20°C. Por most of the time the available air would be much ocoler, but
the advantage is of no use if the plant is designed to function at full load
with oooling air of 20°C. It calls for a certain omount of piping, heat exohange
surface and the like, which would have to be nearly 50% greater than at 0°C.

(2) The second common cooling agent is water. In several respects, vater
is superior 10 air - its heat ocapacity is much grester; it is more easily moved
and stored, the heat transfsr is more sfficient, and temperature fluotuatioms
are much less. In the Ioelandic oontext, there will be at least three sourcee
of water, nsmely seawater, or fresh water of glacial origin, or finally, the
glacier ice itself. Seavater has to be pumped up in large quantities anyway,
for process purposes (3 million tons per year), and it may not oost a great
deal more 10 pump twice or three times this quantity. The seawater tempsrature
fluctuates from a lov of =3°C or -4°C during wintor t0 a cusmer mazimm of about
12°C. These are extreme figures, and the actual fluotuation is likely t0 re-
mein within a narrower ranges nevertheless, the design has to provide for a

)/ Reference 124, for year 1964, page 103. Also see "Iceland Review” No.2 of
1964, page 7.
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summertise maxiaum, and extra cold during the rest of the period will be of no
practioal benefit. The disadvantage of using seawater rather than air for
cooling is that rugged heat exchangers are needed and muoh pumping energy to
force the seawater through the heat exchangers.

(3) Iceland possesses several permanent glaciers, and each of thea is the
source of a glacial river. In sumner, the water of these glacial rivers is at
about 0°C near the source, and rises gradually with distance from the glacier.
80 far as the coastal glaciers are concerned (the meawater chemicals projeot
is almost certainly limited to a coastal location) the rise in temperature of
s glacial river is unlicely to exceed 5 or 6°C, even in the height of summer.
The main disadvantage of using a glacial river as heat sink is the enormous
fluctuation in volume of water. A glacial river can run strongly during
sumner, but in winter the principal source of the water - the glacier itself -
melts very little, if at all, and the flow of the river would be considerably
reduced. A short glacial river oould even freeze up oompletely. Another dis-
advantage is the possible occurrences of destructive flash floods of large
volume. A plant must theretore avoid the flood plain of rivers as much as
possible, and the water of a glacial river, therefore, would not be so readily
available.

(4) Iceland has seversl large glaciers, and at least three of them have
snouts which approach very close to the ooast. The biggest glacier of all, the
Vatna Jokull, actually enters into the sea, while the next biggist, the Nyrdals
Jokull, has an outlet glacier, the Solheima Jokull, whioh reaches to within about
8 kilometres from the sea.

It is an attractive idea to use the glacial ice as heat sink. As shown else-
where in this Roporty for all practical purposes the availability of ioe is
unlimited. The teaperaturs is alvays steady at about 0°C. The heat capecity
of ice is about 80 times as much as that of water per degree centigrade. Al-
though a glacier does move (at the rate of 1 to 2 metres per day) the movesents
are not anything like as dangerous as the flash floods of glacial rivers. The
joe itself is a solid foundation for most purposes. All in all, we feel that
the advantages of using glacial ice are so great that it certainly serits a
careful examination of the potentialities.

2/ Chapter VI. (Page 55)
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328, We shall consider only a oompletely sutomatic, self-contained, hermeti-
cally sesled, continuous refrigerating systea, on the Platen=ifunter prinoiple,
heated by geothermal steam and cooled by glacisl ice. Such a systea would in-
volve the following unitss

Genarator (heated by geothermal stesm)
Analyser (air-cooled)

Rectifier &oooled by glacier water)
Condenser (cooled by glacial ice)
Liquid ammonia reservoir

Bvaporator (freesing out seawater)
Absorber (cooled by heat exchanger)
Gas heat exchangers

Liquid heat sxchangers

In domestic and oommercial refrigerators, economy of space is the prime oon-
sideration, and it is esrential that all the units be cramped together into the
smallest possible space, even at the sacrofice of some thermodynamio effioienmcy.
In Iceland, however, space is plentiful, and there is no call whatever for space
eoonomy at the expense of efficiency. It is suggested, therefore, that the nine
units be kept separate from each other, and be made independently isolatadble
and socessible. If precticable, the units sust be designed for open-air oon~
ditions, to economise on buildings. The designs will be such as to oarry the
full refrigeration load even in the height of summer. One might imagine that
since the winter would produce cold anyway, the plant could be operated at a
lighter load during cold seasons and spells. In the systea suggested, this is
not the sotual situation. Under normal oonditions, the heat of ammonia condense-
tsion would be absorved by the rivers gushing from the glaciers (at 0°0) and

bty the ice of the glaciers theaselves. Only a small part of the oocoling is

done by air, and even if this cooling is done by air, and even if this oooling
offect is smaller (or bigger) it would not make much difference. Another point
is that although sumsertime seavater may be st 8 to 12°C, whereas in vintertime
the tempersture may be 2 to 4°C, the saving in 00ld during winter may be only

4 t0 10 oalories per gremme, but it is negligidble oompared to the latent heat
of freesing, which is about 80 calories per gramme. Hence, while the design
sust take maximus sdvantage of climatic oonditions, tshere is no need to spend
t00 much effort or invest too such capital on this item of expense.

NO D=1 N WD -

329, (1) The design must obviously hinge around the figure of 3-1/2 million

tons of refrigeration per year - roughly 10,000 tons per day. In the proposed
design all this refrigeration aust be carried by the ammonia, which takes this
quantity of heat out of the seawater. Direct heat interchange between systemio
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ios and incoming seavater is not practicable because ios is limited to a tem-
persture of 0°C whereas seawater freesing requires -2°c.3/ In a later stage
of the process the same heat is taken out of the ammonia by ioe, and if the
efficiency of transfer is between 65 and 704, the total ice requirement may
smount to 4.5 million tons. Since 3.5 million tons of ice will be forthooming
from the freesing of seawater (through ammonia as transfer refrigerant), it is
only the remainder (1 million tons per year, or about 3500 tons per day) whioh
has to come from the glaciers. If these quantities appear too large, it may
be recalled that the Offioce of Saline Water has proposed plants freesing out
250,000 tons of ice per day, and that, too, by mechanical refrigerstion, with-
out benefit of the unlimited quantity of glacial ice available in Iceland.

The Ioelandio plant would be only a small fraction of the large plaant proposed J
bty the UB Offioe of Saline Water.

(2) In the Platen-Munters system, the rate of refrigeration would depend
upon the partial pressure of the hydrogen and the speed with which the smmonie~
hydrogen (or ammonia~helium) mixture desoends down the ooluan from the evapors~-
tor t0 the absorber. This is dependent both on the density difference between
plain hydrogen (or helium, as the case may be) and the ammonis~laden ges, 88
well as on the height of the oolumns over which the effect takes place and, of
oourse, the diameter of the pipe. In the domestio refrigerator, this height
rarely exceeds 3 or 4 feet, whereas in Iocsland, a height of up to 3000-4000
feet oan be provided, if necessary. Obviocusly, under such oonditions the turm-
over of ammonia in the system could be much faster than in oonventional commer-
oial refrigeration. A complete change twice per hour is possidbles hence, for
10,000 tons of ice refrigeration per day, a quantity of 100 tons of ammonia in
the mystem would probably be suffioient. This is s substantial quantity of
ammonia, but not unmanageadbly so. Heat exchangers sust be highly efficient to
offect this rete of heat transfer.

(3) The generstor of this refrigerstion system would be worked off geother-
sal steam and hot water, ooming off at a fixed temperature, with very little
fluotuations, either of tempersture or rete. Likewise, $he rectifier oould be
ocoled Wy the water of glacial rivers, generally at a tempersture of 0°C or
oloss t0 it. The condenser would be cooled by ice. Such a system would have

&/ Paregreph 322
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1ittle variation in its cperating conditions, and would need few controls.

It ocould be left to itself for long periode with a minimum of attention. The
plant would, of course, be custom-designed and custon-built. Much of the
fabrication would be done on site, thus saving on transport of large vessels
and prefabricated structures. It is therefore likely to cost less than a more
conventional plant which has to use fuel for heating and cooling watsr of fluo=-
tuating temperature. The operating costs, also, would be quite low.

330. ise of Flant

(1) The foregoing analysis indicates the existence (in 1967) of an internal
market for 50,000 tons per year of common salt, and all the other direct pro-
ducts of seawatsr equivalent to this quantity. It is alsc shown that sodium
sulphate is several times as valuable as common salt, and oan be manufactured
from seavater, at tho expense of its oontent of common salt and magnesium sul-
phate. The sodium sulphate has to find an export market. There is a largs
demand for sodium sulphate in the neighbouring countriss of Iceland, vist
Norway, Swedsn, Denmark, Holland, Germany and the Eastern Duropean countries.
Some of these countries alsc import large quantities of common salt, magnesia,
potash, etc. - the potential direct products of seawater chemicals. In the
third development stage, Icsland would probably be able to sst up two large
groups of industries, ons, the manufacture of electro-chemioals (caustic soda,
caustioc potash, chlorine, hydrogen) and second-generation chesicals, using up
large quantities of common saltj and two, the manufacture of pulp and paper,
using imported logs and locally-produced ohemicals.

(2) In view of the foregoing analysis of prospective denands, we feel
that it is nscessary to start off with some perspective planning, for eventu-
ally procsssing about 30 million tons of seawatsr per year, for a total output
of one million tons of various chemical products. There is some latitude to
choose the actual chemioals which shall be manufactured, and the decisions could .
be made in a medium=term development stage.

(3) 8o far as the immediate future is concsrned, we envisage the oreation
of a facility handling about 3-1/2 million tons of seawater per year to produce
about 80,000 tons of common salt, plus about 10,000 tons of sodium sulphate.
There would be inbuilt capscity to double the intake of seawater and to manu-
faoture about 30,000 to 40,000 tons of sodium sulphate, using imported gypsum
as the source of supplementary sulphate radical.
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(4) Thus, the very first stage of manufacture would be a kind of demon-
stration plant, with an intake of 3-1/2 million tons of seawater per year,
which will all be subjected to freezing. The recuperation of the cold in the
frosen products will suffice to freese about 2-1/2 million tons of fresh sea~
water, The resaining 1 million tons freezing capacity per year is expected
$0 come from gecthermal stean, with glacial ice as heat sink.
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IV. Icoland and its Conditions

331, (1) Iczland is tho socond largoest island in Europo. Its northorn tip
1ios within the Arctic Circle. It covers an arsa of 103,000 sq. ku. (40,000 sq
milos). The island is part of the North Atlantic Ridge, which cxtends sventuadly
through the South American occan to Antarctica, and which is a line of crustal
instability in tho carth. The island wos craated by eruptive action about 30
million yoars ago.ﬁ/ Icolandic rocks belons to two chief types -

Plateau basalts;
Palagonite basalts.

Each covers roughly half the country, the Palagonit . belt dividing the plateau
basalts down the centre from south-west to north. The plateau basalts wero poured
out of fissure volcanoe, and normally are sheats about 15 to 100 feat (5 to 30
metres) thick, but in eastern Icoland the thicknese of the plateau basalt reaches
20,000 feet (6,000 metres). In botween laycers of this bagalt are to be found
volcanic ashes, taephra, tuff, weatherad rock, sandstones, shala and brown coal
(1ignite), formed during periods of dormant volecanic activity. The basalts are

bagic rocks, but are cut across by numerous intrusive dykes of acid rocks.

(2) T ¢ Palagonito formation is a zone of subsidencs, and is a complax
mixture of subglacial and subaarial sruptives as well as glacial, fluvial and

aeclian deposits.

(2) During the lact Ice Age, the wholo of Iecland was covarcd with ice.
The whole island sank under the weight of the superincumbent ice, and this allowed
the sea to rise about 400 feet (120 metras) higher than it is at present, creating

a penaplanation at this loveal.

(4) Icoland is the most volcanic country in the world, with about 200
postglacial volcancs. Since the Scttloment of 874 AC there have baen at loast
1%0 recorded eruptions, from at loast 30 voleanos. On the average an aruption
ocours every five yoars. Generally, the cruptions produce morc lava than asi.
The biggest lava flow known in world history occurrod in 1783 from Lakagigar. A
single oruption of Hount Hekle in 1947 produced over 2000 million tons of lava.

x7 Moalandic Raviow", 1967, Vol, 5, No. 2, page 37 {(Reforance 107)
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(5) 1Iceland has the most number of hot springs of any country in the
world. These springs are gencrally associated with dykes and fracturc lines.
About 800 springs have boen rogistered, about 240 localities. The average
temperature of the water is about 75°C. The biggest such spring has a flow of
nearly 9 cusccs (cubic feet per second), ¢quivalent to about 5 million US gallons
per day. Somc of thc springs arc geyscrs, spouting at intervals. The total out-

put of the largest hot springs is 2bout 30 million US gnllons per day.

Fumaroles (stcam and water at high temperature and prossure) are
found in some fourteen arcas. The total visible enorgy output of the known
fumaroles is cstimated at about 10 million kilowatts on a 357 use factor baais.-l-/

331, (1) The northern tip of Iceland is within the Arctic Circle and the
northern coast of Icoland is wnashed by tho North Polar Currcnt from the Aroctic
Ocean. Howcver, the south and west of Iceland arce washed by the warm North
Atlantic Drift (that is, the Gulf Stream), which also establishes a local circuit
around tho north and cnst of thc island underncath thc North Polar Currcnt. Thus,
Iceland cnjoys 2 relatively cquable climate, although on the cool side. Winters
are relatively milder than the latitudc would suggest, whilc summors arc quite
cool on the whole. The island cnjove abundant rninf2ll, ranging up to 200 inches

(5,000 mm) per year, (average 120 inches - 3000 mm).

(2) The latest glaciation of Iccland began about 2,500 years ago and
reached its peak about 1,000 ycars ago. Since then,; the glaciers have been slowly
retreating.® There arc prescntly ~bout 19 live glaciors, covering a total of
about 5,000 squarc miles.# Thc biggest glacicr called Vatnajokull covers an aroca
of 3300 squire miles and risco about 6,700 fect (2100 metres) into the air. It
is the largest glecier in Burope and, in fact, contains more ice than all the rest

of the glucicrs in Burope put togethor.

(3) The volcnnic two-thirds of Iccland is supposed to be a crust of ono
to thrce kms (3,000 to 10,000 foet) decp, resting upon volcanic magma, which has
broken through thc bascment rock. This magma is belisved to be the sourcc of all
the geothcermal cnergy being producced in Iceland.g

l/ Reference 100, page 65
#* Thc glacieors advance and retreat in shorter cyeles as well
# Sce Anncx VI for details
2/ Reference 100, page 664
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(4) Icoland is o part of the North Atlantic Ridge, which axtonds soveral
thousands of miles from North Polc to South Pols, and whica is a zono of instabil-
ity of tho asartii’s crust. At intorvals thore ars carthquakes and voleanic orup-
tions along this ridge. In 1962 a voleanic eruption throw up a now island about
15 milos off the coast of Iccland, which was named Surtsoy. Thore havse boon about
150 major volcanic eruptions in tias history of Iceland, and ths offaects of somo
of thesc oruptions have baen folt as far off as 3ibaria.

(5) Iceland is today largely a trceless country., A fow million timber
traes have now baen plantcd, but not all s3em to grow wall, bacausa of insufficient
sunshino, cool climate and strong winds.

332, (1) The Icelandic uconomy is heavily depondont upon fish, of which harring
is the most important, followed by cod. Praovious %o Vorld War II, the standard of
living in Icoland was low, but during tuu Mar, fish carned very handsome pricos
and brought immenss prosperity to tiis country., Furthermorc, thc Americans and
the British attached great strateogic value to Iccland, At one time thoro was an
American oxpeditionary force of 150,000 stationad in the island, more than the
ontire nation:l population of Iceland at the time.

(2) Preaently, Iccland is o prosperous country, with » high average
standard of living, On the othier hand, it still remains precariously dopandent
upon the herring, and to - lessar extont on the cod, to maintain the high stndard
of living. Two factors tarcaten their standard of living:

) (2) the herring shoals have now beon driven

far away from Iceland. Not only does it now
requirc much more offort tc eatch tho nerring,

but the shoals are fished by several countries
with large international fishing flaotsy

(b) ™e prices of several herring products hnvo
dropped ¢atastrophically in fecemt uonths and
thraaten to drop still further. Rocovery of
prices cannot be predictad.

(3) As for omployment, due to tia high standard of living, ¥here is o
groat domand for sorvices of all kinda, and employmont opportunities are many more
than the population can fill. It is often difficult, therofore, even to maintain
oxisting industries going, muca lass croate now industries. One major industry
which proposes to set itself up in tho island has mads it a condition that it
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should be permitted to import labour for construction and erection, and this con-
dition has been reluctantly accepted by the local labour unions, becausc local
labour unions, because looal labour is just not available. Similarly, there has
beon a flood of immigrants to man tac fishing boats during the peak of the fishing
goason, and some of these immigrants settle down in the island permanently. A new
industry will undoubtedly have to face tho problem of labour suortage and may have
to import labour. The cost of labour is high, approximeting to levels in the USA
or aven more. In the fishing industry, productivity has risen with inoreases in
wages, partly to progressive and bold thinking of Icelandic fishing directors.
Naturally, the wages in other industrioes tond to koop pace with increases in the
fishing industry, but it cannot bo said that in the other industrias there has
bean pro rata increasc in productivity, although the Icelander is undoubtedly a
strong, rugged, hardworking type, capable of high endurancs, and ability to pick
up tachnical skills very readily. He has doveloped a strong sense of responsidbile-
ity and can be left to work without supervision.

333 (1) The salt requirements of the fishing industry, amounting at presont
to about 50,000 tons per yoar, are all imported from abroad, mainly from distant
countries like Spain and Italy. The cost of tho salt is of the order of US']l mil=
lion per annum. This drain has stimulated a serics of investigations into the
possibility of manufacturing tihe salt locally, and there have baen it least three
major investigations recently. On the whole, the prospects were regarded as un-
favorable for a single product like common salt, which is extremoly cheap, and
readily procurable in large shipments from abroad. On the othor hand, there is
marked improvement in the economics of these proposals if the project includes

recovery of other salts from seawater.

(2) There has boen in recent years a kind of runaway inflation in the
country's economy, and twioo in the recent past the Icelandic krona (pl. kromur)
nas been devalued. Both devaluations provided only a teaporary respite, and the
shadows of devaluation onoe again loom dark over the Icelandic economy. As things
stand, if there is no improvement in the future, it would appear that a further
devaluation is in prospect®, and the only question is how much.

(3) Meanwnile, because of the relative instability of the country's
currency, it would appear that tho fofeign investor is somewhat shy about bringing
capital in. However, those who have been bold enough to do sc arc nopeful of good

*The expactod dovaluation took place in November 1967 Yy 20.3%. simultansously
with the devaluation of the British pound. However, the ecomomic uncertainty
remains.




resulte, and thic may serve to allay the fears of foreign investors. The country
ig short of capital, even lceal capital, and any large-scale invesiment would have
to be backed by financiors abrcad. Iceland has cxeccllent relations with many

countries known for intermational investments, and a2 sound scheme would be cartain

to attract foreign investmoent intorests.

334, The following quotation doscribes the current (1966) situation:

*Beonomic growth has during the last fow years to
a large oxtont been based on the utilization cof now
tochniquos in a fow scctors and on favourable natural
and marketing conditions. Gruater froodom of trade and
ontarprisc ac well as an improved balance of paymants
havae facilitated the exploitation of available oppor-
tunities and mere intonsive competition both on tho
gpido of oxports and the domestic market has oxorted
a pressurc for improvemaents. On the othor hand the
growth has not, oxcapt to a very limitod oxtent, been
founded on gonoral improvements of technigque and ore
ganization throughout thc econemy and on a purposaful
soarch of opportunitics. As further prospccis for
growth in the convontional branchas arc now diminish-
ing, it is of groat importance that more varicd initiae
tivas are takon so that the cecomomy ¢an advanco on a
droador front. Thoso dovelopments will in many ways
have to bo support:d by the Government and public
institutions, Their prorequisitc will, howaver, be
gonaral economic stability and moderation of income
incroagog sc that the industrieos as_woll as the
authorities can safely plan ahoad.".

1/ Roference 102, page 14.
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‘
ihe geothornrl pocources of Icol'md-/

335 (1) The interior of the carth is intensely hot liquid magma, but it

is only in certain very limited areas of the world that the hot magma
approaches close enou h to the earth's crust to become accessible as a source
. of energy, althougzh, of course, not so close as to break out as an un=
controllable volcano, Iceland is one of the main sources of subterranean
energy in the world. The subterranean heat is most valuable when the ground
is porous enouzh to allow water to get to the magmatic layer in sufficient
quantity and foi:. oteam. Lack of water to contact hot megma, or insufficient
penetration may be limiting factors in some areas in conveying energy to

the surface, Ccothermal steam ic of most value only vhen it is completely
oomfined at depth by an inporvious layer, so that when the confining layer
is pierced artilficially under controlled conditions the steam comes rushing
out under hizh pressure., If the confining layer is pervious, the steam
escapes too diffusively to be confined or controlled. It is the latter

type of phenomenon vhich makes for easy location of zeothermal energy, but
these easily-discovered larje arcas of steam escape are also the least
valuable, On the other hand, if the confining layer is too impervious, it
may not permit sufficient vater to et throu:h at all, The really important
and valuable occurrcuces are those which are still confined deep in the
ground, and have to be drilled for, In thic respect, zeothermal steam

is much like natural gas or petroleum, Iilormally, fissuring of rock becomes
less and less with depth, ©o that in the deeper areas there may not be
sufficient percolation of water to raise steam, even if hot magma exists,

In such areas, vater sent dowm through drilled boreholes could return to

the surface as high-pressure steam, with a high available energy content,

(2) Drilling for geothermal cteam is morc expensive than ordinary
drilling, because steam it o more dangerous substance and special precautions
must be taken to protect the drilling orews, The high temperature calls for

?_/ The map and table referred to in thie chapter will
be issued at a later date,




special rigs and tools. Special drillin; fluids are required that will not
break down at the drilling temperatures. According to a fairly full analysis
by Karleson® it ic estimated that in loeland drilling a 9 inch hole costs

on the average about % 41 to 56 per metre, including casinge

(3) 1t will be appreciated that the areas of available geothermal
energy are those in which the magma occurs close to the earth's surface,
with the superincumbent soil porous enough to allow sufficient rainvater
or seawater to seep throuch to the magma and form cteanm, but with an impervious
oonfining layer as well, OSuch areas occur in many parts of Ioeland, and
over 700 places have already been located. liovever, of these T00 places,
the valuable areas are only about one dozen, On theoretical ;rounds, the
truly valuable areas are probably yet to be found, for the reason that if
Ahere are obvious steam emanations, it implies that the available energy
(vhioh, of course, is in limited quantity) may already have been dissipated
over hundrecs of years, The volcanic areas &re also generally the areas of
high zround, and these are the very places which bear glaciers. Therefore,
all the important glaciers of Iceland are also the sites of volcanio aotivity
and, ipsofacto, geothermal energy. The iyrdals Jokull (and its system of outlet
glaciers) is no exception. In the middle of ilyrdale Jokull is the fearsome
voloano, liount Katla, whioh has erupted eichteen times in history, with
devastating violence, the last in 1918, It is due for an eruption at any
time now. North of lount Katla is one of the biggest sources of geothermal
stean in Iceland, However, liount Katla is closer to the southern perimeter
of the glacier, and it is the sea side of 1§rdal . jkull, therefore, that is
most promising in respect of future geothermal enerzy. This happens also
to be the dest site for the establishment of the seavater chemiocals industry.
In this context, the folloving quotation vill be of interest®

"ieat reservoirs of hydrothermal systemc of the
oomposite type may bo relatively large because
their heat has been larzely preserved by 2o0oc

natural insulation rather than be discipated by

)/ Reference 95, Volwms 3, pago 215,
®  Note, however, that the quotation refers to the UdA,
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convective discharge at the surface. The heat content of the Salton
Sea geothermal area, as previously stated, is crudely estimated to
be 2 x 10'? calories to a depth of 3 km. (or 10,000 feet), and the
Lardarello system may be similar in magnitude. No sound basis exists
for predicting how many large undiscovered systems of the composite
type exist in the world, but 40 of the magnitude estimated for the
Salton Sea ares is not unreasonable. In addition, some ho*

spring systems of shallow circulation may be underlain at intere
meiiate depth by rocks of low mass permeability, and these rocke

in turn may be underlain by one or more ciroulation systems of

the composite type".y

336, There are two types of geothermal heat in Iceland, one in whioh the
offusion is just hot water and the other in which steam is discharged

under considerable pressure, and high temperature, ranging up to about

260°C (700 peias 50 kg/sq. ome). There is a continuous gradation from ome
extreme to the other., At least 700 springs of hot water are knowm, in over
240 localities, There are 14 known "thermal areas” (large arecas of country)
generating pressure ateam,z/ and several other likely areas.

337. (1) The resources of four of the fourteen known thermal areas are
equivalent to an estimated 200 million toms of oil, This energy dribbles
away, as the heat escapes into the atmosphere at present. The largest is
Térfaj¥kull area in south Iceland, This single area extends over 100 sqe
km,, and releases heat equivalent to 2 million tons of ¢il per year,

Reference 98, page 13,

"ORKUMAL", May 1965, (not paginated)
"Icelandic Review” 1967, Vol.2, pe 35,
"lcelandic Review" 1963, Vol, 1, page
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(2) Using 3 1/2 million tons of seawater per year to manufacture
10,000 tons of sodium sulphate and oorresponding quantities of other salts,
the thermal requirements are 1 million tons of glacial ice and, say,

1 1/2 million tons of steam, Assuming about 8400 working hours per year,
there would be required on the average about 120 tons of ice and 180 tons
of steam per hour, These fisures are quite practicable, The towm of
Reykjavik alone is supplied uith ten times this quantity of hot vater and
steam, mainly for space heating. A4 cingle field at Torfaj¥kull can yield
3,000 tons of steam per hour, Txperis estimate the yield of hizh tempere~
ture areas in Iceland at 5=50 zizacalories* per square kilometer per hour,
equivalent to 100,000 to one million tons of steam per year per square
kilometer, There are hundreds of square kilometers of such areas already
knotm in Icelanc and many more under zslaciers, not yet definitely located,
Hence, there is no reason to fear that there would be any shortage of
geothermal heat, even in the expansion staze, vhen ten times as much steam
i1l be required,

338. That suoh energy can be capturec and put to industrial uses is nov
clearly established, In Italy over 400,000 kv of power are being erated
from geothermal steam one station, and in Nev Zealand 300,000 ki, In
California there is only a small unit of 56,000 kw 3/ but much bigger

units are planned - the capacity of this area alone is estimated at 1 million
kilm—nﬂn‘v .

339, The folloving material is reprocuced from Waring's treatise on "Thermal
springs of the USA and other countries of tue worla' by kind permission
of the Direcior of the Geolocical Survey of the Uulie

# giza - thousand million (cee conversion table in front)
)/ Reference 93, Vol. 3, page 274.

2/ eference 96, Press .ielcase dated 29 ilarch 1967

3/ 1vid Press lelease of 11 liay 1967

4/ Reference 97, page 97 gt seg-




Vi ¢ Glaciere of Ice

340. (1) Icolandic glacicrs can be used as a source of energy. Normally, devices
to use steam for power would have to work on o waste heat discharge of about

1500 or 2000, beeause such ambicnt temporatures are rcached during summers. The
availability of ice, however, permits power in steam to be used all the way down
to 0°C throughout the year. Because :f high latent heat of fusion, icc has a

large hcat capacity for absorbing waste hoeat,

(2) The Zlaciors of Iceland began to grow really big only about 2500 years
ag 1 and reached their maximum size in the 18th century A 2 « Thoreafter they
began to lose mass, and somc have disappearcd outrisht. Careful measurements have
boen takon by several cxpoditions, Icclandic, Swedish, French, Swiss, British,
Danisii, etc. and it has now bcen clearly cstablished that in the past 40 years
the glaciors have been steadily wasting aw + The quantity of the ice in the

big glaciers, however, will take several hundrode of years to molt,

(3) A glacicr grows by accretion of snow which bocomes infused by rainwater
or superficial thaw water, which upon freczing turns into ice. In some parts of
Iceland the rainfall is over 200 inches per ye: y and » glacier could theoreti-
cally gain this height in a year., However, icc is plastic, and exhibite rheo=
logical behaviour - flow under steady pressurc. The weight of the superincumbent
iceo causes ice to be squeczed out at the foot on the outlying boundaries, and the
height gainod in one winter could thereby be lost before the snows of the noxt

winter,

(4) Thus, tonpues of ice fill up and flow down the valleys on the fringes of
the glaciers, Theso are called outlet glaciers. The forward cnd of an outlot
glacier (called its gnout ) moves forward during a winter: it retreats during the
next summer, becausc melting oxcecds forward movemont. The speed of ico movement
in July was found by the Durham University Expedition of 1948 to be 18=24 mctres
in 14 d:wsi/. The average roeccssion was 26 motres per ycar., During the past

)/ Reference 101 page

2/ Thorarineson, "Jokull™, August 1966, page 209
3/ MeDonald, refcrence 109, paga 20

4/ Referencc 120, page

5/ Reforence 112, page 8
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40 >r 50 ycars, the net result has been a retreat of glacial snouts by soveral
miles, and in fact, scveral glaciers hove completely lost their identity, only
reeidunl icecaps remnining to indieato where o slacicer has existed in former

times.

(5) 1Iceland has today cightecn permanent glacicrae One of them, the
VatnajBkull, has ~ surface spread of 3300 squarc miles, and stands over 2100
metres high at the penk, with thu base reaching down in placces t5 about 160 metrce
below scalevel, This glacicr alonce would contain over 5 million million tons,
moking it the largest singlc block of iec in Europe, and containing as much ice as
all other Buropean glaciurs comtinud. The total availability of ice in tho
glaciuors of Iccland is curtainly over 10 million million tons - sec Annox VI for
a full list of slaciers, This is more or lese the permanent stock. In addition,
the annual average snowfall over Iccland is equivalent to 40,000 million tons,
but, of coursc, if this is not used up in somc way, it would mclt away in the

next summer, and hence cannot bu said to be ~wailable throughout the yeare

341. (1) Onc factor which has to be reckoned with is the subglacial outbursts of
water (jokullhlaup), Underncath all the big glacicrs there are probably active
voleanos, or at lenst thermal areas, The heat rising from the carth melts the
basc of tho slacier ~nd builds up buoyancy pressurc, When the pressurc becomes
high enough (zenerally coincident with eruptions) the superincumbent ice (which
moy bc thousands of meires thick) is lifted up, and a huze wave of water comes
out in A torrent, with crtastrophic violenew, and causes immensc destruction., At
least somc »f the structurcs of the sadium sulphate project may have te be sited
on the floud plain »f a jokullhlaup. In order to prevent pressurc build-ups of
this typc, onquirics werc made of the renowned glacinlogist, lMr, Jon E,yth’frsaon
whether, if a tunnel were out throush the glacicr at its base deep into the
interior, it might provide n» sort of relief valve and allow wrater to flow out
continuously, instead of in catmolysaic bdbursts, !lir. Eythﬂrsson agreed that this
was theoretically possible, Such a tunnel could be bored, (thouzh suitable pre=
cautions would be nccessary), but, since ice is plastic, the tunnel would have 2
be always extended inwards® , The difficulties of buring a tunncl into a glacier
and maintaining the opening should ncither be under-cstimated nor rcgarded as

insuperablac,

y A natural tunncl is mentioncd by MeDonald in Refercnce 109, page 20
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(2) The question of crovassing was also discussed, According to
Ur. mthﬂrsson, in thc main glacicr crovasses could not bo very decp, beocause
at depth tho icc would be under high pressure, and crevaseos would tend to close
up. Towards thec snout, however, cxtensive transverse erovassing occurs, from
one side of the valley to the other, and some of these crovasscs may reach

noarly to the basc of the ice mass.

(3) A glacior is not one homogenous block of iecc, but a mixture of ice,
snow, water, voleanic ashcs, rocks and other masscse, Tho water can ocowr in
large quantitics, The tomperaturc of the mass is nearly the same all the way
through,
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VII, gctrical Resources of Iceland

342, The project would require larec quantities of materials to be moved and
handled; honce, a substantial amount of power would be ncededs, It has been
estimated-ljthat the total technically haressable water power in Iccland is

35 tora.watthours* (35 thousand million kilowztthours) per year or about 10 million
kilowatts plant capacity at 15% load factor. Nearly 98% of the total potential
remains to be harnoessud, but some potentialities are uncconomic. Some >f the
gonerated power at present costs, apparently, sbout 1.5 milé#pur kWh, which would
make it about the cheapest ecmmercially available power in the world. Tho tariff
on which the Ammonium Nitratc Fertiliser Corporation is functioning provides for
a charge of 0677 milse per kWh for o{f-peaklond power, while the aluminium smelting
plant which ie cosing up has beon promised basoload power at 2,5 mils per k',
The sodium sulphate project, being a pisneer venture, wihich would have to face
oxooptional difficultics, would also have ¢laim %5 cheap clectricity. Although
clectrical power is nct one of the substantial cost clements involved, it is
roassuring to know that plenty »f clectric currcent would Lo available at reasone

able rates, o>f the order of 2,5 mils per kih,

343. In 1964, thc installed enpacity and gencration of clectricity were a8 followss

Capacity Gencration

& &-—
Hydro plants 123,000 653,000,000
Thermal 26,000 13,000,000

These arc plants in the public scctors There were four plants in tho private
scetor, which ~enorated an cstimated 15 million kWh of clectrical power per

yor y ¢xcluding the many small coptive plants in Tecland,

344. Toe Govarnment of Iccland has been following a policy of bringing olectricity
into the home of overy Icelander b reasonable cost, In pursuancc of this policy, .
by 1964 over 37% of the population had been provided with nccess to electricity« .,

* tern = million million (sec conversion table in Annex XII)
"mil = ono=thousandth US dollar

1/ Reference 116, May 1965, item 3

2/ "Orkumal”, May 1965, item 3

}/ Refer¢nce 101, page 190



i

-

Therc has now beon castablished a complete national electrical grid over the
entiro island., A few small loocal srids have not yet boen linked to the

national grid, but gonerally industry has accoss to clectricity, whePever it may
be situated,

345, 1f highepressurc stoan is discovored at ono of the throo possidble sites for
the chomicals project, therc would be gond opportunity to usec the steam to
genorate powor, and foed surpluses into the natiomal #rid as a baseload source,
This could woll be an additional soursc of rovenue for the chemicals planmt.




- 60 =

VIII. Miscellaneous factors

347. Iransnort
(1) Onc problem which will surcly arisc is ocean transpcert. HMuch of the .

island's coast is decply ineised, and £jorde »ften are deeply ocut by glacial actiont
honce decpwater port facilitics con be creatod comparatively cacilye. However,
where lar~c jlocial rivers open into tho sca, doposits of 80il and sand over thoe
ages have covorad the indentations with hcavy sand depositss hence natural
harbours arc non=cxistant in thoesc areac. Artificinl harbours arc difficult to
construct, becouse of vory rough scas, and stron? alonc=shore sand drifis. The
problem is cspecinlly acute in the nroa which i otherwise most fovourable for
tho cstabliehment of this industry. No quick or ocasy solution is in sight, but
gincc therc arc harbours within short distamces*, it is fairly certain that some
moans can be deviscd for placing the products on board ship a1t gconomic costg.

Dotails are discussed in the chaptoer dcalinge with location of plant.

(2) As for land transport, thore arce no railways in Iccland., There is @
road system, but the surfacing leaves much to he desired, oven within towns. 1In
the countrysidc the roads arc simply dirt=tracks, somctimos covered with cindcrs,
These roads inflict fcarful punishment on vchicles, and muat be contributing
heavily to thc high ¢ost of road teanooort in Teeland. T4 is not o situation

which ean be correccted readily onr quickly: henco must be acceptod for what it is.

(3) Dy contrast, air travel is quick, comfortable and convenicnt. There is
one in®ernaticnal airport and twenty-onc other airports capablc of accopting
large planus. Ior 2 population of 200,000 to hawve 22 airports may appear to bo
somowhat ostcntatious, but in fact it is only the cxistence of these airports
which pormits the casy movoment of the population which hns dcvelonped rapidly

in recant years.

340, Eersonncl
(1) 1Iccland is o country whosc population is small (200,000), but of high
quality. The cntire population is literats, and an unusually largc proportion
is cducatcd, in thc real scnso of the terme The people already possess most of N
the professicnal skills imparted through Universitics and polytcchnics, and

arrangements arc being made for those skills which arc still lacking. ¥hat more

For example, at Vestmannalyr
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is needed for the purposes of this project can be roadily imported, Icolanders
have a long tradition of studying abroad, Thus it is reasonably cortain that
the personnecl neoded to man this project could be recruited from among

Ioelandic nationals,

(2) On the other hand, labour in Iccland is scarce and costly., Current wago
levels are on a par with ratos prevailing in the USA, and even then it is proving
difficult to find labour for the more tiresome or obnoxious or menial tasks, The
three practicablc sitcs are all in remote, desolate and relatively unpopulated
arecas, into whioh is would be difficult to attract workers. It is therofore
necessary to mochaniso and automate tho proocssos o8 much as possible, to reduce
the numbor of workors, while paying them attractive omoluments. Portunately, the
nature of the processing lends itself admirably to this kind of design,

—

(3) Porsonnel cocts have beon taken on tho same basis as in the U.B.A,
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IX, 4 of the Chomio ots

349. Congon Salt

(1) There¢ is an immodinte demand within Iceland for about 50,000 tons por
yoar of common salt, mainly for fish prcscrvation. For this purpose, thae salt
has to be fairly coarse-grained, and should be frec of certain deletorious in-
grodients, likc copper and manganesc ions, This domand may rise considerably in
the near futurc, depending on the demand for fish abroad, the catches handled in
Iccland, the extent of proceasing within tho country, and similar factors,
Presently the salt is imported from various countrice of the world, chiefly
thoso in the Moditerrancan rogion. The landed cost is about 315 por ton, and

the total cost of imports is nearly %3 million,

(2) It so happens that in the schemo recommended by use there will be a
producticn of about 60,000 tons of common salt. Thus, this ontire quantity can
be absorbed locally at acceptable levels of profit to tho manufacturor as woll
as roasonable prices to purchasers. However, the first stago is only a pro-
liminary stage, and is likely to be followed by an oxpansion stage, in whioh
the sodium sulphatc production will be tcn times bigger. That may rosult in
the production of 300,000 tons of common salt.

(3) Therc is vory littlc demand clasticity for common salt in any country,
and howevor ruch the price is dropped, the local demand for the salt is unlikoly
to incrcasc at all., On thc other hand, the economics will not permit of the
salt boing thrown away. There arc two ways of dealing with this situation. One
is to export thc salt, and the other is to usc up the salt locally in chemical
industrios.

(4) Tore is o luorativo market for common salt in neighbouring countriocs.
Some figures arc as follows™ 3

YV "X Statistical Summary of the Mineral Industry", 1965, pago
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imports Rris
dsar Tons

Bolgium 1962 585,304 648
Denmark 1963 167,786 235
Faroes 1963 33,292 -
Finland 1962 270,100 -
Franoce 1962 76,521 135,101
Gormany (wcst) 1963 55,520 876,238
Nothorlands 1963 61,838 849,511
Norway 1963 162,412 5,932
Sweden 1963 618,295 1,225 '
UK. 1963 170,399 362,866

It will be soon that tho countrios of Westorn Buropo imported about 1.8 millionm
tons and oxported 2.1 million tons, The rogion as A wholc is a net exporters

nevortholess, with gross imports of 1,8 million tons per year, it should not be
too difficult for Iecland to squeccge cut a small market for itsclf, It is to
be noted that Norway, Sweden and Denmark (including the Farocs) between them
have net imports of about onc million tons, These are countrics with which
lcoland has some aspecinl relationships, so it may be possible to antor into
bilateral trade agrecments for the disposal of substantial quantities of salt,

provided transport difficultics can be overcomc.

350, (1) However, we als> forcsee 2 substantial domand for common salt within
Iceland for procesaing purposcs, One linc would undoubtedly be the intorchange
botwoen common salt and calciwm sulphato (zypsum or anhydrite) to manufacturc
sodiun sulphatc - a sub=proccss which has alrcady beon mentioned in thia Report..
Such a manufacturing process is capable of absorbing up to half tho surplus salt
- maybe oven morc. It is therefore of importancc to have this sub=proccss

oarefully -nd complctely investigeted,

(2) The other major outlet for the salt is t7 use it in the nanufacture of
soda, making usc of the anormous potential which cxiats in Iceland for cheap
eloctricity. Both soda ash as wecll as caustic soda can be manufactured, the
former by the ammonia=soda process and the lattor by clectirolysis, Tho fact

* Sec paragraph 323 ante
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that ammonia is boing manufacturcd in Iccland would bc a factor (although not

a very important one) in its favour., In the clectrolysis of galt to cauetic
soda, large quantities of chlorinc would be gcnerated. There are huge markets for
ohlorina in tho USA, UX, USSR, Germany, Prunce, cte. The US4 alone manufactures
nearly & million tons of chlorinec, and the domand is still rising rapidly. In
Icoland the manufacturc of the co-products, ~hl-rinc and ¢ wstic would be

simply a way of marrying surplus common salt o chenp clectricity to produce
goods for export. Bulk transport of chlorinc is highly specialised, and the

oxpertise ia available in several countrics,

(3) Onc morc major outlet for common salt is to clectrolysc the molteon
salt to manufacturc sodium metal and chlorine. The metnl sodium is rapidly
growing in staturc and is becoming a basic chemieal, to be usod in bulk quantities.
1% has boen found to be a very offiolent c:udustr of cles'ricity, and for
equal performance is less than half *c eoust of copver — a0 tho same volume it
coeis oncefifth as much as copper. It is now beginning to be uscd in heavy=duty
olootric cables where the hazarde associated with the usc of sodiuwm can be kept
under strict control, There ie also a distinct trend for manufacturers of
titaniwm to switch from thce Kroll proccss (using mognesium as reducing agont) %o
sodiwa, and this could absordb large quantitics of sodium motal in the near
future,

351, Thore is, thereforc, a fair degree of confidencu that there will be a large
market for Icelandic salt, internal ns well ~s cxtcernal. However, the merc
cxistonce of a demand, though nccessary, is not sufficicnt to cstablish a markot.
The supplior hos to satisfy the customer on quality, = -mtiry pricec, delivery
datos, and nany other pointe before n marke. cwn bo said tu be astablished,
Long-torm contracts arc csscntianl, bccause a sanll country cannot havec the
finanoial rcsources of the large and powerful industirialiscd nations, Thorefore,
it bocomes of great importance to ncgotiate for long-torm buying contracts with

various bulk users of thesc products.

352. Sodiupn pulphate
(1) This is thc salt on which the wholc project was first based, Therc is

no domand for it within Iceland itself, nor is therc likely to bo any large
indigonous demand for quite some yoars to coma,
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(2) World demand for sodium sulphate is »f the order »f 2 million tons per
annuwa., The USA alconc producos .ver onc million tons, but still has to import
about 10% of its roquirements. The biggest uscrs of sodiws sulphate are the
kraft paper pulp manufacturcrs, most <1 whom arc $2 b found in Finland, Sweden,
Norway, Canada, USA and, »f course, the Dast European countrics. lcoland is at
the contre of gsravity of these countrics, wnd has friendly rclationships with
them, There would apncar to be gfo~d prospects of Iceland being able to market
oasily any quantity it is likcly to producc. The first stage of production will
rosult in only 10,000 tong »f sidiwa sulphnte per annum, ~nd this 2lone moay take
2 or 3 years to comc into full <peratimne An additional process step may ine
croaso the output to 25,000 or 30,0C0 toms pur annui, ~nd a large cxpansion may
carry the output to 400,000 tons per annume By thnt time the world demand for
sodium sulphate is likely tn oxcccd 5 million, S5 there is not likely to de too
much difficulty in cxporting Iccland's sodiun sulphate.

(3) It may be mentioned at this stage thot tho advantagos of vory choap

olootricity, largce and steady supplics of stean and water, and potontial harbour
gitos are factors conducive to the establishment of a paper pulp industry,
catoring to an export market. It has boen remarked above that Iecland is a trooe
loss rogion, but this nced not be an insuperable cbetaclces There arc huge
forests of conifors in the northern reaches of Burope and Asia, and it may nst
cost much more to raft ligs to Iceland than to move the 1logs intornally within
the country in which they arc grown and produccde If it is poseible to make
long=torn arrongements with, say, Norwey, Sweden, Finland, USSR -r Canada for
supply of pulpwood, (perhaps against reciprocnl supply of sodium sulphato, salt,
sodn, chlorinc, otc.) thore would be an intornel domand for ~ substantial amount
of sodiwn sulphate, cawstic sodn, chloring, ote, We do not onvisagc such o
domand to arisc in the ncar futurc, and at bost it can only be a sccond=
goneration industry, dependent on the local manufacturc of chomicals. Neoverthe-
loss, the discussions we hnd in Iceland on this thome were sufficicntly promising

for us to go on rccord with the suggestion. If it is decided to 2o ahoad with

the manufacturc of eodiwn sulphatc, it would bu plain business prudecnce to start
alss $0 WOk on the idea of sctting up a paper pulp industry in Iccland,
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353. Potash

The manufacturc of 10,000 tons of sodium sulphate from scawator will result
in the co-production of about 2,000 tons of potash. It has already beon ostabe
lished by Ludviksson and Li.ndal1 that there is o doemand for potassic fortilisers
within Icecland amounting to £,000 tons potassiun chloride ond 2500 tons
potassium sulphate per ycar: hence, no marketing difficulty is oxpocted to
arise., Even in the final oxpanded stagce of production, with about 400,000 tons
of sodium sulphatc and 400,000 tons of common salt, tho production of potash
salts from this project will be barely 20,000 tons. ‘his quantity is likely
to be loss than the agricultural nnd industrial demands of Iceland by that timc.
Industrial uscs could aboorb thousands of tone per annum as for instance, the

nanufacturc of potassium chlorato,

354. Brominc

This is a chcmical which is rapidly growing in inportancc, and scveral now
manufactorios arc springing up around the world, It is a high-priced chemical,
rating about $B800 per motric ton, whercas in Iccland it will be practically a
wastc product, which could be sold for any pricc it would feteh., No sorious
markcting problem is anticipated in disposing of the 100-150 tons per year
which will be produced in the first stage.

355. Magnesium salte

Ono of thc major uses for magnosium salts is tho manufacture of refractorics.
Yhon magnesium chloride is stcamcd, it decomposes to magnesium oxide (or
hydroxide) and hydrochloric acid. The magnosium oxide, mixed with a little iron
oxidc, and calcincd at high temperaturcs, mokes a refractory which is of groat
valuc in industry. The onc cement factory of Iccland itsolf can absorb a
cortein quantity of this refractory, and other industrics alsc neud such high-

quality rofractoriocs.

(2) Iceland also has a sizable domand for thermal insulation, especially
for hotwatcr and steam pipc lagzing, Lightly calcined magnesium oxide is ono
of tho world's bost insulators.

1/ Roforence 113, pago 431 «eeee
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\3) Lizhtly calcined magnesiun oxide (eallcd "enustic megnesin®) can
react with magncsium chleridc to yield magnesium oxychloride cement, one of
the strongest and most attractive cecments known, Iccland has no indigonous
high~class plastoring material - not even plaster of poris - and oxychloride
cement might get into great demand for highclase interior work, warm flooring

. and thc likes  The damand for such a cement has not becn ovaluated: however,
since tho total production of magnesium chloride in the projoct?!s first stago
is going tv e no more than about 15,000 tons, and as this could be uscd for
throe bulk purposos locally (refractory, insulator, cement), little difficulty
is anticipated 1in disposing of the magnesium chloride,

(4) A problua misht be the disposal of the hydrochloric acid reeulting
from the mamesium chloride processing. large domands within Ieeland arc
unlikely: honce it weuld have to be used up in processing or vxportad. Both
possibilitics coxist. Thus, for instance, Iccland has deposits of ilmenite,
which could be  used to manufacturc titanium dioxidc by the chloridc precess,
which is ropidly supplanting the sulphate process in the worlde The hydro=-
chloric acid could be clectrolysed to chlorine = alse ~ process which is fast
bocoming stondard. As for oxport, hydrochliric acid is cetting into big
demand for pickling steels Icelandic hydrochloric ncid would command good
prices in Sweden, UK, Belgium, Germany, France, and other countries of

Westorn Burope: for stecl picrling.

356, The foresoinys presents o qualitative picturc of tho markct situation, Mo
attompt was made tc study the markcts in quantitative depth. For one thing,
there aimply wasn’t sufiicient tince t9 wndort~ke the Jibe  Sceondly, the
statistical data were very scanty. Thirdly, o fu .her study in dopth was
contonmplated, ©o this job could be reserved for that stages All the indie
cations arc that therc arc exccllent, cngy and profitable markotc for Iceland

*
to tape As for prices, some indications arc given in tho chapter on occonomies,

»
8cc paragraph 365 post
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X. Prosus techaclom

357. 0 taile

(1) Seawater is punped up (from brine gallorics ~shore at a depth of,
82y, 20 to 50 metres bclow the surface), and oluvated into an above=-ground
or submorged storage tank (capacity 10,000 m3, »r about 3 million US gallons),
with sufficient height to allow thc scawnter to gravitate through the whole
proccss. The tank could well be located on clevated gound closc to the
prococsing works, and in such casc could be an earthen ombankment on flat
ground or 2 dopression. It could 28 well be a2 plastic boy of sufficicnt sizo,
kept submerged in o glacial pond or lake, It shwuld bo sclf-scouring.
Somowhore Qp _routg ~fter leoving storage, the scawater will pass through a
heat oxchangc conled by the river leaving the foot of the glacier, and finally

cooled by ice from the process itself,

This soawator, now substantially at 0°C (32°F) is subjocted to freesing
in two or throc stages. In the firat stage, the scawator temporaturc is
reduced to thc tomperaturc of incipiont frcczing, which is ~2,3°c (28°F),

In the sccond freezing stage, down to -8.2°c (17°F), ice is monufacturcd and
scparated, In tho third stage, from =8.2 to «13°% (17 to 93F), sodiunm
sulphatc forms, and is continuously removed. The cold valuos locked up in the
ice and chilled brine arc recovercd in hent oxchangers, supplemented by glacial

ice (through a sccondary refricerant),

(3) Therc will be inbuilt provision for dissolving gypsum in the scawator
at the stage of -8°C (»r a littlc carlicr) to incroasc the output of sodium
sulphato by at least 1007, possibly 200%. This innovation could be introduced

#*
aftor some tinmc,

(4) 1In ordor to simpliiy matters, it is ~@sumed that half thc costs arc
borne by tho sodium sulphate (10,000 tpa), and half by thc other aalts
(90,000 tpr)e This division of cost is bascd upon cotimated values, and can
be adjustced aftcr re-=calculation,
(5) The refrigeration syctom is the heart of the whole projoct., It is .
doceribed nepa.ratcly#. The subsidinry refrigerator will be loicated near the
glacier and will manufacturc a sccondary rcfrigerant, which will be added to

I

* Soc paragraph 330 ante
# 8ce paragraph 325 ante
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the main stook. The freezing plant will be fed from a reservoir of liquid ammonia,
and will have a refrigerating capacity of roughly 10,000 tons per day. For the
regeneration of the refrigerant there will be two units. One unit will be integral
with the seawater freezing unit, and will regenerate roughly 7000 tons freezing
capacity., Aboul 300 tons of freezing capacity ammonia gas will be sant to a
separate unit to be regenerated with glacial ice. Both units will feed cold liquid
ammonia into a reservoir held at the coldest water level reached in the systea.

(6) The solid sodium sulphate is elevated out of the freezer and drained.
It can be dehydrated by gentle heat very easily. If dehydrated, it will lose
nearly 60% weight. It has to be oonsidered whether the cost of dehydration is
Justified on account of savings in handling and freight. Some buyers would
prefer the hydrated crystals rather than anhydrous powder. There are several
forms in whioh sodium sulphate is bhought and sold.

(7) The residue of the seawater freazing is a brine which is szturated in
respect of sodium ohloride. This brine is sent to the grainer house, where it is
boiled down in grainer pans with gecthermal steam. The residues of this plant
are further treated to recover potash, magnesia, bromine, and other produocts,
This part of the processing is quite conventional: henoe, needs no detailed des—
oription herein,

358. Ihe madn heat exchange aituation

(1) The seawater entering the system comprises salts dissolved in water.
The products leaving the system are the same salts and the same water, but
separated from each other. The temperatures of the entering and exiting materials
are of no consequence, and could well be the sane. Theoretically there is very
little difference in energy content between the two states before and after.
However, in working practioe energy potentials have to be established and main-
tained, and there are always leakages and wastages involved, for whioh there is
no ready means of oaloulation. Accordingly, we have started with the assumption
that some 30 to 357 of the heat transfers will be lost, and will have to be¢ made
good in some way.

(2) In a plant processing 3.5 million tons of seawater in 340 to 350 working
days per year, there will be an intake of approximately 10,000 tons of seawater
per day. When this seawater is exposed to freezing conditions, some 880C tons
of ice will form, and 1200 tons of chilled brinc will pass t> the mext stage, where

about 70 tons of sodium sulphate orystals (containing about 30 tons of sodium
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sulphate) will form and be separated. The remaining brine will then be passed to
the steam evaporation plant. The quantity of oold in the brine (at -13°C) is
equivalent to about 200 tons of ice. Added to the 8800 tong of ice resulting
from the first stage, the total availability of ioce equivalent in this area would
be roughly 9000 tons. The cold in this 9000 tons of ioce is to be reti.ansferred
to the inooming seawater. This cannot be effected by simple heat exohange because
ice itself remains at 0°C while melting, while seawator temperatures go down to
-8°C while ice freezes out (also at -8°C). A multistage heat transfer dovioce,
using high pressure in small increments is theoretically poseible,# and would be
the analogue of the multi-stage flash avaporator for boiling. Another possible
dovice is to apply continuous vacuum on the incoming seawater by a vacuum pumn,
and oompress the vapour into the coolant ice. The compressor would then merely
function as a heat pump. Howevor, the first device is not yet in commereial pro-
duction, while tho heat pump has no special advantages over the use of a secondary
refrigerant. Accordingly, the best device undor these circumstances would appear
to be the use of a scoondary refrigerant haotween the ice coming out of the systea,
and the incoming seawator. For the reasons alroady stated“, it is proposed to
limit consideration to ammonia as thoe medium.

(3) The question arises whethor tho ammonia should be applied in heat ax-
ohango direotly to the incoming seawater or whether it should bo used first to
make another rofrigoerant, whioh can then be appliod against the scewator. On
balance of advantages, it appeared that the indirect method was superior. Closer
examination may indicatc othorwise, but for the time boing we shall assumc that.
the ocold liquid ammonia is ovaporatod directly against incoming butane in two or
moroe stages, and that the butane is applied into thu suawater.

(4) Basically, then, this soction of the plant will aocept seawatar at 0%
and subject it to freozing in two or throc stages, against ammonia as refrigerant,
whioh in turn will work between stcam at about 100 or 120°C and ice (from the
system) with butane as transfer refrigorant.

1/ Roference 83A (1966 Roport, page 110) contains some information
* Beo paragraph 325 ante
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359, QUTLINES OF PLANT DESIGN

(1) In the application of the design considerations montioncd in this
Report to thc actual conditions provailing in Iccland, the author is limited
by the fact that hie cntirc acquaintancc with Iceland is o flying visit of
loss than two wecks: hence, the conlusions and recommendations are subjeot

to verification and chock.

(2) We were invited t. submit definite proposals on which a spocifie
pre=feasibility investment report could be commissionods This we wore
reluctant to do, for the reason that our acquaintanceship with Iccland might
be regardcd as inadequate., Our draft eport, however, clicited a scrics of
qucstions, and in rcplyine to this questionnairc it was found ncccssary to
establish somc basic concepts nbout the plant to be sct upe We felt that it
may scrve s me purposce if we were to set out thesc concopts, on the under-
gtanding that thoy arc just idcas, pointing t, only once of scveral possible
solutions of the problon,

(3) Therc ~rc three units in the whole plants

(1) scawater proccssing;

(2) ©beiling of ammonia solution by geothermal stoan;

(3) condemsing of ammonia ne by glacier ice.
Thesc threc units have t2 be interlinked by pipes, carrying respectively
geawater, stcam under high pressurc, and ammonia gag under high preasurc,
The mcawater is the casiest and choapest to transport: next eomes the steam,
whilc ammonia is the mnst difficult and expensive., On the other hand, seawoter
is tho largest quantity to be moved, and is at the lowest encrgy lcevel: hence
any movement of the scawater will call for oxpenditurce of effort. Stoam can
move under ite own intcrnal cnersy. With ammonin, the moveoment takes placc
with least effort, Upon 2 balanec of considerations, we feel that the
eventual design will cmbody an wmonin gas pipelinc o>f least longth, followed
by thc samc comsideration for the steam pipoline., The scawater will have to

bo brought to the processing 1loeation determined by the two other factors.

(4) The quantities >f ice involved arc important, The first commerciale-
sized plant is oxpected to consumc e million tons of glacial icce per year =
say, roughly onc million cubic metres. This quantity »f ice will be melted
ovory year. But it dovs not follow that the melting will croato a cavity
of this volumc, Wintcr cold will have a two=fold c¢ffect, Firstly, it could
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be utilised to reduce tho demand for glacial ice. Socondly, it could be used
to regenerato a part of the melted ice. It is 2lso nocessary to take into
account the rhoological propertics of ice - its charactoristic of plastic flow
undor pressurc., Due to this property, a large cavity would tend to close up
at dopth. For all those roasons, thu likelihnod is that an actual cavity in
tho ice would not exceed a certain volume. We have no basis at all to estimate
what this volumo is likely tc be: novertheless, some figure is needed, to
simplify the dorivations, Thorofore, it is assumed that when hot armonia gas
is cooled by glacial ice at depth, the cavity which forms will stabilise
itsolf at a volume of 500,000 cubic metros and remain at this volume
indefinitcly, despito thc melting of 1 million cubic motrcs per yoar. The
oxpansion of this plant to ton times thc original may result in a cavity only
threc timos as large bocause of the high surfaco/volume ratis,

(5) Wc have been requestod to indicato moans of overcoming tho great
difficultics of using glacial ico i situ as a coolant, Thie is a mattor
of dosign, dotails of which cannot be treated here. There are several
possibilitics, For instance, the heat cxchangor tubcs can be mounted on a
ohain of pontoons floating in a pool on the top of the glacier. Thoreby
the movemonts of tho glacicr will not affoct the position of the hoat oxchangor.
The pontoons will naturally be anchored to hard ground on tho banks of the
glacior, There would be a flexible commexion from anchor points to pontoons,
and these connexions will bring in thc gaseous ammonin and tako out the
liquid, Purthor dotails will be loft to the design engincering stago,

(6) So far as conccrns the rofrigeration cycle, there will be an intcrnal
pressure of about 15 to 20 atmosphores, partly due to ammonia vapour and
partly to hydrogon., In the cyclc are also involved liquid ammonia, water and
ammoniacal v 1ry solutions of various strengths. Tho whole assemblage has
t0 bo hermo... ally sealod, with not oven the trace of any loaks. The piping
will be of various diamotors, thc smallost carrying liquid ammonia from
reservoir to ovaporator, and thc largest pipe carrying hot ammonia vapour from
the generator to the condonser, It is important to kecp all piping as short as
possible, to avoid capital expense, and reducc loakages of both materials and
hoat,
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(1) The entire plant will comprisc the following:

(a) Scawntor induction, prelininary treatment, convoyance to factory
gitc and storagc;
(v) Freozing of scawnter and acparation of sodium sulphate, with
hcat oxchangers to rocuperatc as much hcat as possible;
(c) Boiling of remaining brinc to manufacturc various other salts;
(d) Refrigerator plant, itsclf comprising ninc c¢lements; *
(¢) Steam borcehslce, control and transmisasion,
Of those major units, the induction of scawntor ond its prelininary processing
necessarily has t) be done where the brinc is most readily available,
(Genorally this will be somowhere on the scaconst, but an inland sitc cannot bo
oxcludcde The Lindal proposals arc, in fact, bascd upon such a brinc, and sono
of thc springs mentioncd in thce UB Geological Survey ::mt:].:l.cmucm"l montions
s fow other salince springs.) The stenm procurcrment and contrl gear have to be
situatcd whore the ston is most vasily and cconomically procurables The rost

of the plant can be situated anywhere within a fairly largc arei.

(8) Our tontative suggostion is that all thesc s>ther units be mounted
on 1 scries of pontoons and kept floating or submerged in o small pond or lakeo
atop the sclected glacier, n few hectares in superficial coxtent and about fifty
m-tres dcep. The dissipation of heat from the ammonia vapour will takc place
against the facc of the glacicr, while the other plant units will be dispersed
wherever thoy fit in best, The ammonia rescrvoir could well be totally
submergod, 8o that it is always at zoro degrees cantigrades Storage of scawator
could also be effected in a plnstic bag kept submerged in the lake, and holding
one day's supply. There will e a tendency for the 1lnke to become cnlarged
bocausc >f the nmclting of one millicn tons of ice per year (1at.r to be
inereased to ton nillion tona per year). If the location is correctly situated,
there will be a construction of the glacier valley ahead of the plant, and this
will tend to closc up tho cavity, thue concontrating the tendency to enlarge
the lake. Even if this offect is not there, the additionzl water can be
siphoned away, s, that thc lakc will remain stabilised in gize and position,
subject only t: annual movemont caused by tho climatological effects of the
changos of the scasons., All the plant units will be interlinked, and cach will

bc separatcly anchored to firm ground on the gsidos of the valley.

#  8cc paragraph 328 anto.
#*  S8ecc paragraph 339 znte.
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(9) A fow yoars ago swch a dosign might have beon rojected as being
impractical and lacking in oxperience. However, the petroloum industry has fully
ovolvod the technology of offshore drilling rigs, both floating as woll as
submorgod or piled, and all tho major diffioculties of working on floating platforms
can now Yo said to have boen masterod. Evon ico formation and movement have had
%o be forescen, as in tho North Sca and Baltic Sca drilling rigs, not to spoak
of the drillings being done in the pcrmafrost arcas of Northern Canada. Iceland
itsolf has plenty of oxporience of floating factories in its horring and whaling
factory ships. Thorcfore wo do not anticipatc any opposition on grounds of basic
principlo. That thoro will be opposition and criticism on matters of dotail is
only to bo oxpectod, and such roactions arc always woloome as indicating the areas
of dosign woakness beforc any irrecoverable stop is takon.

(10) A 1veational diagram based on thosc thcoretical principlos is given
in Annox VII & and I'. It is purcly oconcoptual and rchematio = dotail will need
considerable data from the ficld and the work site on top of the glacier, whero
tho refrigeration is to take place. This is a suitablc situation for tho
establishaont of a Platon-tuntors cycle of absorption rcfrigeration, in which
hydrogen gas is used to lower the partial pressurc fraction of the evaporating
liquid ammonia and convoy the vapour to the absorber wator. The rate of moveasnt
of tho gasaos doponds on the rclative densities of hydrogon by itself, opposed
to a hydrogon/ammonia mixture, and the vortical heoights over which tho donsity
difforance operatos. In a domostic refrigerator the hoight difforonce is less
than 2 metres, whoroas in tho proposod Icolandic systonm the difforonco could be
as nuch as 900 motres or oven more. Tuercforc it can bo anticipatod that a high
;08 velocity will be ostablished and maintained - of the order of 12-15 metres
per socond.

(11) Tho static prossure throughout thc ammonia=hydrogon systom will bde
maintainod at about 20 kg/cnz absolute. At an evaporation temporaturs of, say,
-20°C, tho vapour prossurc of tho ammonia will be roughly 1 ke,/cnz absoluto,
™o difforenco of 19 kg/cmz will bo taken up by tho hydrogen. Kinetic prossurcs
will bo differont in difforont perts of tho systca, and tho actual figurcs to ve
gstablished aro for the dosign onginoors.
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(12) Yith about 3000 tons »f refrigeration per day necded from the glacier
and latent heat of vaporisation of ammonia approximately four times the latent
heat of freezing of ice, the movement of ammonia between glacier and freezer would
be, 83, 00 tons per dar (allowing for some heat loss on routc), or roughly
10 kg of ammonia per sccond At nressurc »f 20 kg/cm? absolute this means
movement >f about 600 litres per sccond (in ryund f'l.gures) At vanour specd of
12 metres wer second, a nipeliine about 25 cm, diameter wiil be able to carry the
load. Bocausc of unccrtaintics in the basic data, all thcsc figurcs are only
approximato, though fairly rcliable. It may bc that a pipeline 20 cm. would
suffice, or it may be nccessary to providc 30 cm. but this range would probably

oover all the possibilitics,

(13) A pipelinc carrying ammonia at 20 kg,‘s/cm2 has to bec fabricated carcfully
to avoid lcaks. The suggested design will minimisc the length of this pipe -
indced, this pipe necd not be over 100 metres in length - perhaps less. The
amount of ammonia in active ocirculation, under these conditione nced not be
more than 30 tona por hour. Duc to the time rcquired for heat transfers the
dotention quantity of ammonia in the generator tubes is likely to be about 20 tons,.

(14) Por that part of the cooling imvolving glacicr iec, the movement of
ammonia will be about 800 tons per day. The movement of ammonia depending on tho
reouperation of ¢old within thc systom ncods another 2200 tons of ammonia per
day, making a total of about 3000 tone of ammonia per day. Sincc the units will
be situated very closc together, it should be possiblc to establish a oyole of
15 minutes i.c. about 100 cycles per day, roughly. On this basis, the quantity
of ammonia in the system could be limited to about 30 tons., To be sn the safe
#idc, wo have provided a total quantity in the system >f 100 tons of ammonia. The
cxcoss will tide »ver a3 period of 30 minutos total etoppage >f condenser offeot,

2r 3 hours >f st ppage >f thc glacior unit,

361. The application of eold to scawatcr, the formation >f ice froc >f >cclusions
and the offcctual separation of ice from brinc all prosented serious problems in
the early days of scawater desalination by frcezing, All thesc and sther probloms
have been >vercome t> the extent needed to manufacturc fresh watcr from scawater
in competition with »ther processcs, The answers may n>t bo exactly the same in

Iceland, becausc it is neceseary to carry thc frcozing t> s much greater degroc
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than oustomary in seawater dosalination, and therc is no plant experience

in this area. Obviously a cortain amount of roscarch and exporimentation will
be required, The laboratory triale of Nelson and Thompso have ostablished
that orystallisation of s>dium sulphatc occurs smoothly in laboratory apparatuss
whether it will bo oqually 8o on a plant scale remains t> be seen. It ic

to be hoped that tho differences betwcen our project and the scawater desalina-
tion plants will be only differeonces in degree, and not o>f type. Some of our
dosign features will also be found in designs prepared for the Office of Saline
Wator of the U.S8, Government.2

352. 2 2 1)

(1) Besse

(1) The following is the thoorotical basic data, which have to be
sdjusted for praotical conditions,

'(11) The tomperature reference datum for caloulating enthalpies
(hoat contonts) is an arbitrary -4006, sclocted for the sake of oconvenience
in ocaloulations.

(1ii) The term "giga” reprosints 107 (thousand million) and "tora”
1012 (million million).

(iv) Froo encrgies of solutions have boen disregarded for the
present.

)/ Meforence 31.
2/ Por an excaple see reforence 67, page 216, .
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Wantity ’I‘emgeratux'o Entha,lpy
Unit tna/nr c (eigncalorics)
In Out In Out In Out
(2) Erg=codler
(i) Seamater fcod 41471 a7 10 0 20.8 16.7
(ii) Glacial river 400 400 3 10 17.2 20,0
(1ii) System ice 717 0 3 OuT 2.1
(3) Freeger
(i) Besmater fuod 417 Q71 0 - 16.7 -
(ii) Ioc formed ver 367 o =2/-9 vee  =16.9
(iii) 8>dium sulphate 3 oo =9/=13 0.1
(iv) Residual brinc vee A7 e =14 cee 1.3
(v) Ammonia liquid 9T oo -1} oee le2 see
(vi) Ammonia vapour cee 97 e =13 coe 13,0
(4) Befrigratr
(i) Ammonia foed (gas) 97 eee 0 wee 33,6
(ii) Ammonia liquid oo 97 .o 0 coe 1.9
(i1ii) Condeonscr ice
(s51id/1iquid) 196 396 0 0 15.8 41.%

(5) The foregring represent the theorctioal figures of hcat cxochange under
perfoot conditions. In practicu, 8 statcd before thure will be losscs and
wastages, for which an allowance of 30+35 per cont hw t) be madcs. Thus, of the
total hourly roequirements >f 396 tons >f ice, abrut 230 t-ns will bc recuperated
from the system, while about 120 tons per hour must comc from outsidc = say,
3000 tons por day, or 1 million tone per year roughly. Thie ie the quantity it
is proposcd to use from the glacier.

(6) 1In the samc way, if thure is porfoct intcrohange 5f heat in the ammonia
Qvaporation/absorption systom, thore wiuld be no requirement of steam from

>utside. In practice, howover, the sams 30 per ount 1)ssos are t> bc expocted,
and thero will bc a stean dcmand >f roughly 20 t. 25 tons por hour (say about
200,000 tons per ycar) to make up the diffcrence.
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(1) This plant is the sinplust >f all. For ruasons Of simplicity,
convenicnoe, coondmy, low capital and low labour rcquirements we would recommend
a eimplc grainor pan, which is nothing but - tank fitted with stcam coils or
submerged combustion unit at thc battom, The steam heate up the bottom brine,
and the huat is conveyed to the surface by convection and thereaftcr cscapes into .
the air as watcr vapour. The brinc will be pretroated with nmagnesium carbonate
t> bring d‘nwr; all caleium, thus rcducing tendoncy to scale. The tank could be
built >f conercte. The production would be eontinudus, and the salt produced
would be romoved eontinuously through an lovator bont, A oovering is nccessary
t> croatc a draft and allow the vapoyur to be carricd off, The hoat content »f the
vapour c¢ould be rocovercd, but as tho quantities involved arce comparatively

small, thc recovery may not be an igportant factor.

(2) The brominc recovery plant is standard. The hot brine (by now fairly
ooncantrated in bromidc) is allowed to trickle down a stonewarc tower fitted
with perforated stoncwarc plates, Chlorine gas and steam are forcod in at the
base of the tower. The cmanating vapsurs carrying the bromine are condensed in a
scparate tower, Thc brominc is subjoctod to some simple purification, maybe
rodistillcd, dehydratcd and brttleds At a latcr stage of the overall project

the brominc e¢ould be neoyecsscd into intermediates within the e>mplex.

(3)

with most of its ed>dium chloride and all its brominc, the residual liquor would

When the brine has parted

contain mainly magnesium chloride and potassium chloride - the formor prodominant,

The treatment »f this brinc is quitc simplc apd standardized. Indecd, it datcs

back t> the oldest chemical proocssus 250 years nago, ard romaine just as

effcotivc nowadays. TIotaesium chloride is added to the brine to balance the

cXcess magnesium chloridc, and the brinc is chillcd, A double salt >f magnesium

chloride and potascium ohloride (carnallitu) dcposits, and ie removed. This .

oannalitc on being dissolved in watcr suparatcs inty its oconstituents, and

magnusium chloride dissolved profercntinlly, lcaving the potassium chloride as
solid. No important problome arc indicated in this araa.
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(4) The residual drine contains a medley of salts. Bome may turn out to
be of special value, but for the present it would be profitable to heat the
brine to dryness and sell the product as trace elements (micro-nutrient
faotors). A market has already been developed in the UBA by ome of
the major salt producors for this product and there is a possidility that
Iosland can capture some part of this market. Anyway, the product would de
in demand a8 cattle feed 0000000FYy in Burope itself,
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X1. Soets and Foonomicg

364, (1) As might have been expected, this seotion proved to be the most
difficult, and we oannot be confident that the figures quotod are acourate. We .
do, however, claim order-of-magnitude accuracy, and it is hoped that this degree
of acouracy will sufficc for management decisions whether to spend money upon
further investigations.

(2) The main rcason for uncertainty in oosting is that so much of
the plant has to bo designed ad hoc, This is the only way of securing that
economy of construction and operation which the peculiar situation offors. The
availability of large quantitice of geothermal steam is a groat advantage, lLut
only if used in the propor way. There is insufficient experience around the
world to docide on desigms and cocte. The nvailability of practically unlimited
and conveniont low-temperature cooling capacity in the glaciers of lceland is
another great advantage, but this is said to bo terra incognitg, so far as power
ongincering is concerned,® and there is no paet cxporience to go on, There zay
be nc great problems involved in putting glacial ice to engineering use, On the
othor hand, a glacior has coneiderable life in itv, and thoere are ice ourrents
within it which, if slower than ocean curronts, arc almost as powerful, and
engincoring design may have to be quite conscrvative., There is need, therefore,
for considorable margin and flexibility in our ostimatos.

365. (1) Befere giving our own estimates, we wish to refer to some
related estimatos which have already becn published., The U.S. Government's
Offioe of Saline Water, has issucd a publication "A standardized procedure for
estimating costs of saline water conversion” (1956).2/ This publiocation recom=
mends a cortain form for preparing estimates, and also provides graphs of plant
costs related to sizo. These coste are approximations, but reliable approxime-
tions, and we have thankfully accoptecd the quoted figures, with a surcharge of
50% to meet the price inoreages since 1955 and the additional oosts (relatively .
unknown) of putting up big plants in remote cornors of Icoland., In somc itezs
a oonsidorable oxtrapolation has beon found necessary tut it is bellewed that
the extrapolation has yielded conservative results,

)/ Pilot trials are mentioned in reference 83A, page 11C,
&/ Reference 60
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(2) The Office of Saline Water's publication No. 32 ("Further
developient of a direct-freczing, continuous wash-separation process for saline
water conversion” 1959)-}/ provided ue with a good deal of guidance, The Consult-
ants (The Carrier Corporation) had to essume artificial production of both heat
and cold, whereas in the .Icelancic gituation these rcsources are aseumed to
exist in nature, and the main problems are to put them to use., Furthermore, the
0SW process was to spray seawater into an evacuated chamber, whereas the process
suggested for Iceland is the {ndirect freezing method., Hence the parameters in
their study could not be dircetly applied to the lcclandic case. Nevertholcss,
the information provided in that publication was of real value, and we takc the
opportunity to express our gratitude for thoe publio service rendercd by the
Governoent of the USA in making the information so froely available,

(3) The following pages aro roproduced from the publication nentioned,
by kind permission of the Office of Saline Waters

)/ Meference 67
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422000 100,000 2 224000,000
Ihousand Pollars
Essential Plant Costs

1. Total Special Equipment 110,6
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Istal Plant doxestient —  Ad2  206.1 00 SO0 AlaJICM

Working Capital

8ixty Deys Prod, 2,0 7.3 26,0 833,0
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Cost/Gal/Duy of Prod. 7467 2,16 1.27 1.27
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(4) The OSW's Consultants adviscd that ot that timo the largost
feaciblo size of plant using standardiscd componente would be 500,000 US pgallons
per day, ond this sizc was fixed as thc modulc, The 10 mgpd plant conprised
20 modular units, and was cstimated to cost 18 timce the cost of the module
bocause of minor site cconomies. The Bize of 500,000 gpd is equal to about 1900
tone per day. The Icelanddc requircment ie about 5.3 times as much, Sincc it
ie to be ¢ ctom built, and is expuctcd to tuke maximu: advantege of the available
facilitios and site conditiong, it is cxpcctod that the capital cost of the
Icelandic pliait would cost conly about 3,4 tince the copt of the module uscd in
the GSW study. With the 507 surcharic as nentioncd before, the present-day cost
of the Icelandic plant would be of the order of US $3 millions, allowing for
plant, instrumentation, buiirdingse, transport, orection, contingencies, enginoering
gcrvices, site, and everything elsc. This fipure is likely to le econservative,

(5) The conclusion in the OSU study is that frogh water could be
produced fronm scawatcr by a freczing process at a cost of between 60 and 100 conte

per 1000 gallone (say 1% to &5 cente per ton).

366, We next refer to another study, No. 41 "Salinc Water Conversion by
Freczing" (1960) radc for the Officc of Saline Vater by the Corncll University
School of Cherical Erngincering,# In this study an cstimatc has been rnade for a

10 million ¢pd plant, using a sccondary refrigorant. This plant is about twice
the size of the project planncd fer Iccland. The investment cost is givon as
$6,437 millione which, with the ueual 50% surcharie and rcduction by siz-tenths
factor rule, conce to $5.7 millione for Iceland. This ie corsiderably higher

than the auowt worked out in the previous exercise, nanecly, about $3 millious,
Tho reason is probably bccausc the procese der.andcd larpe coupressors and connect-
od pipingc. The cost of the rcsultant water, howcver, is nuch less, Bbamely 38
conts per 1000 gallons, oquivalent to about 10 cents per ton. We accept the latter

ficure as workable, tut on cepitnl we shall 1nok for a more cconomical proccss.

367, We had avallable a copy of detailed cetimate by Sveirm Einarsson of
Iceland on a proposed steam and power plant to be locatod at Namafjall in Iceland.2
The paper contains much material which appears to have relevance to the case under
investigation: unfortunately, it is in the Icclandic lanpuage, and no translation

)/ Reference 69
2/ Reforence 125
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was available. Rathor than misinterpret its informetion we preferred to leave
it aside for later consideration,

368, (1) Wwith this background, wc prococd to a rough costing estimate,
Th-~ capital items, operaticnal requircments and manning table will be found in
Annex VIII, The following would thon be the opcrating costs per annumi

$

Matorials, energy, ctc, 200,000
Salaries and staff oxponses 500,000
Intercst on capital 6% 180,000
Anmortizetion 5% 150,000
Miscellanoous 70,000
———

Total 1,100,000

(2) Annual returns may be computed as followss

Tons $
S8cdiun chloride 60,000 700,000
Sodiun sulphate 10,000 200,000
Magnosiun products 12,000 300,000
Potash 2,000 70,000
Bromino 200 140,000
Traco elements 1,000 100,009
Sundries and Margin - 50,000
o ——
Total 1,600,000

(3) According to these computations, the gross return will be of
Aho order of $500,000 per annum, Thies is a very rouch figure, and nore detailoed
analysis is required to infuse more roliability into it. These further caicula-
tions are pointloss unless the engineering studios are completed.

(4) In the next stage, the production of sodium sulphate will be
increased by 20,000 tons, with very lititle extra oquipment, The additional
advantage to the projoct is likoly to be of the order of $300,000 per annum,

(5) The potential of a single locality in Iceland is likely to be
up to ten times the eize of the initial plant, on the availability of scawater,
jce and steam, Such oxpansions will not require puch more ataff and the capital




installations arc also likoly to cost much less than on a pro rata basis, This
prospect is tho ono of main intcrcst to Icoland.

(6) an advantage of this project is tho amount of forvign exchange
whioh will bc earmed or saved.
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X1Z. EPeotential Locgtione

387, (1) Very largo quantitice of matcriels have to be moved, - 3 1/2
million tone of scawator, 1 million tons of ico, 1 1/2 million tone of stcam, and
about 1/2 nillion tons of covorything olsc, making n total of 7 million tons every
yoar in the first stage alone, and four times as nuch in the final plant, It

is obvious that distances arev of the jreatost importance and the cost of even a
fow miles of neecdiess transport can be rany thousands of dollars.

(2) The cusentials are accese to a scaport, soawater, a large
¢lacior, and geothermal steam, with ncarby availability of clectricity ac a need
of secondary importance, These preroquicsites unke it casy to narrow down the
choico. Tho first two conditions require that the plant be lozated within the
10-mile coastal stirip of land around the main island, The third condition,
availability of glacial ice, cute out most of the arcas automatically, Of
loeland’s oightoon permancnt ;flacicre, thero are only threc which can be regarded
o8 possible candidates, namecly, (in order of size)

Vatnajtkull (South East)
Myrdalsjtkull (South)
Drangajtkull (North West)

(3) Vatnajdkull is a huge glacior, covering 3300 square miles of
land, and toworing 6700 feet into the air. It began its prescnt growth only
about 2500 years ago, but is now the biggost singlc nass of ico in the whole of
Burope. The ioocap covurs seveoral huge volcanoces, which have becn known to
erupt with titauic violencu. Several living volcances are known to oxist in the
bowels of Vatnaj¥kull, and several norc are suspected to cxiet, because of the
outburste of glacial rivers (Jvkullhlaup) fron under Vatnaj®kull every few years,
Large snouts of the Vatnaj®kull, of respectable glacier size in their own right,
ocome right down to the Bonbeach, Therc is a seaport on Vetnaj¥kull's south-
sastern flank., In almost all respects, therefore, onc of the outlet glaciers
of Vatnaj¥kull would qualify for the location of the marine chemicals factory.

(4) The samc rcasoning applies ag well to MfrdalsjBkull, It is
only one-=tenth the size of Vatnajtkull, but ever co has nearly 500,000 million
tons of ice in it., The snouts of several of ite outlet glacicrs approach very
close to the sca., Thore is a large thormal aren (Torfaj¥kull) on the land side
(north) of M¢rdalsj¥kull, Onec of tho main therual bolte of Iceland is suspocted
t0 reach to the sea right under Mfrdalsjitkull. A river cnanating from the sea
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gide of this glacicer has such a sireng odour of hydrogen gulphide, as to earn
for itsclf the soubriquet of Foul River. There are clear indiczations (e.A;.
fuma—roles) of larjc reserves of .ccothermal cner;y closc to the site. All tcld,
taerefcre, Mfrdalejbkull als. qualifics as o candidate.

(5) Dransaiskull is a ruch smallur ylacicr. Thore arc storics that
it is showing the effocts of agc and drying up ¢radually, but the final death
of the glacier is etill many years away, o rany t- accept this possibility as
a decigive factor. Therc is seothermal oncrsy close by, and, best of all, ideal
conditions for a first-class harbour. The arca ie undeveloped, and the Government
would be heppy to scc a modern industry epstablished in this e¢ssontially fa.rming/
fishing arca.

(6) 411 three of the sclected aroas, therefore, could be ccnsidered.
There are several othor factors to be taken into account. Some favour one of the
threc possible locatione, while others arc in favour »f ancthers A falr choice
is impossible at thies stage, and the question must bo put ~ff for closc and
dctailod cvaluaticn, It is indecd a relicf to find that therc are actually
threc suitable arcas, n.t onc,

(7) Throwh the kindnese of the Director of the lcelandic Rescerch
Council, Mr, Stoingrimur Hermannsson, the Mission wae piven an opportunity t‘o
take a fairly clcse and theroush look at one area in a helicopters Dr. Jon
Eythrsson, onc of Iccland's leadin ¢laciologictsy was kind enough to come along
to sive us briefing, ¢uldance and explanatiosn, A part of the li¢rdals j¥kull
(86lheimaj¥kull) was chosen for the visit, bocause it was the clrsest and most
accessiblc in other respects as well., The rosults of this acrial survey fully
oonfirmed the conclusiuns reached by a study of the mape, and discussicns with
various persons, that Mfrdalsjtkull was, indecd, quitc suitnblc for thic factory.
In fact, the indications were more promisin,: than we could have hoped fore
S8lhoimajdkull (an outlct ,lacicr ¢f the croat Nfrdalsjvkull) hed a huge snout
about 1 to 2 kilonmeters across, and risine from near scalovel to about 500 motors
in a very short dictance. The quantity of s-1id icc in this snout alone anounted
to several thoucand rillion tone. Just under the precipitous front of the clacler
wa3s a hwwo flat plain abuut 2 kilomcters acress and 10-1¢ kilometers long, of
loome unconsolidated materials, very casy to work with, The ¢lacier gencratod
the Jvkulsid River, which at flond was about 300 moters acroes, but not very deep.
This is a porennial river. Tho river at this (tage ie already in its flood
plain, and hence it ie vory eagy to punmp secawater back to the lacicr along the
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riverbed with comparatively little eftort. The tenperaturc ©f the river water is
always at zbout 0"C ncar the -lacicr: hence the scawater would be effectively
chilled by the time it is necded for processin.. Vithir & or 3 kilomcters of
S8lheimajdkull there wes n larie watcrfall, the SRoarfcss, which, if nced be,
could bo harncsscd to produce all the clectric power the soheme could possibly
nced, at reasonebly low c:ost. Therc arc scveral sther larme and powe rful
waterfalls acroes the pencplanal cscarprment nearabouts. Ther, about 1 to 5 kilow
moters from S&lheimaj®kull there wes ~ lar e het spring arcn discharrine hot
wator and stcau, The MSkuls4 River wac alsc called the Foul River, becausc it
always genoratced the stench of hydroser sulphidc - a clear indiention o 1 subtorra-
nean thermal action. Hence there wae o likcliho d that scmewhere in the neijhe
bourhood large resources of stoar cculd be tappude Yithin 7 or ¢ kilometers
thore wae Dyrhélacy, which thc Govermment ic thinking of using ae an oceangoin:
soaport, The prelininary studice had alroady been conpleted, All told, the
visit to thc lacier was an unqualified succese, and ;mve alplc promine of proe
viding all the natural resources requirced by the project,.

(8) A4lthough the S8lhcimaj¥kull site proved so favcurable, there may
be othor places even more favourable, If not, it is of no consequonce, as tho
place alroady lccated fulfils overy major roquircment.

(9) an important factor in the situation is the availability of
gteanm for power, Thereé arc about 14 arcas in locland where steam corcs owt of
tho ¢round under pufficicnt pressure to enable powsr to be oncrated at low cost,
The bigrest such arca is at Térfaj¥kull, just north of the prospuctive salt plant
site at Mrdnlsjakull.v The southern side of the slacicr has not yot been much
oxplored for soothermal poteontinl, but there is a likelihocd of locating high=
prossure stearm in this placo.

}/ "8omo information about Icelands its wetor rosources and onergy potential” -
“Orkural®, Narch 1965,
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18, eplokats

(1) There ore eo many variatles nnd se many possille combinations,
that it ic impeesitic to arrive ol the optirun combinati-n with the data presently
svailablee The cptimisatiin of -1l the foetore iv 4 dol fur advauced calculationc,
nogt cagily done ty computer. Accordinsly, DIk ¢ri mothnrde have been uced in
calculnticns, These ncthods will, it ie hoped, nfford crder-cf-nagcritude
accuracy and, as will bc sucny this sutfices t¢ indicute thot the schemo is
likely tc be an cconormic sucocst.

(?) Ir wo of the thrce l-cations reeormended, the snout of the
outlet glacior comec t within 3 to O kilometere (¢ te 6 wmiles) from the oo,
Woet of the (rcund over this distance i relatively flat and »ently sloping.
Towards th. ilaciur ond, however, the clope increasce neticeably. The slope of
the valley sides incrensce cven more sharply, and the snout itsclf displays
an almost precipitous front,

(3) Induction of thc scawnter fron the see to iand is n¢ groat
problem, Conducting the brinc to within a ecomparatively short distancc frou the
glacier snout is alsc fairly simplc and cagy. For the soawater to be takon up the
sharply-riein; acclivity ic, howevor, likely to be coetly, althouch not difficult.
1t would, thcrefora, be a distinct ~dvantuge to stop the scawator at some place
bofore the main acclivity ie renched, and do the freesing there.

(4) On¢ &ifficuity vhich nriscs ie how the celd of the ~lacier ie
%o bo uscd. The ilacier ie a movin:: river of ice, thc speed being more towarde
the top than thu bottom and morc towarde the centre than at tho benks, The top
centre, therefore, is concrally the fastost movinss hence it creatcs a sort of
rolling action, which may brin. botton notorial inside the ¢lacior tc the top.

(5) fThe necasinanl cutlurste of water frn the laciers (jﬁkullhla.up)
cnn be of frightful viclence, and onc j¥kullhlaup can for n time have a bigger
flow than the world's tigpest pormanent river, the Amnzon.y anything in the path
of thig rasing torrent ic linble to Lo swept awny within minutcs. For this
reason, the brinc treatment works, if locnted in tho flood plain of the loeal
4®kullhlaup, nust be adequately protested by strong dykee, capable of reeisting
the powerful flow cf a river in sudden floode More important, it is impossible
to locate the ammoniz plant iu the path of the glaciere It must be situated on
the hish cround alongside the glacier, or on the top of the slacier, fairly far

3/ "lcelandic Review", Vol V, page 17.
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romoved from the encut, and sc preperticned thot [lasicr rovements will not
cverbalance it,

(¢) There ic o possitility of creatine an nrtificial vaterway leading
from glacicer to freczins plant, ~rd floatine ice down from the lacice along this
channel to the seawater freezin: plant. In theory this appecrs tc be simple,
cfficient and cheap. In practice scveral difficulties wiil have t¢ bo overcon@,
anG some risks will have to be takens Thore are oo nany advantases ir thic
method that it descrves every coneiderntion, However, it 1s neceseary tc tasc
the cogts on the mept unfaveouratle preceibiliticst 4f cven thic yiclds profitatble
resulte, overy improvement will be an ndditionzl bonus.

(7) It is nlsoc ascumecd that eteam can be found somewherc alons this
line. The exact locatisn of the stean source will not matter a (reat deal,
beceuse ¢wothermal stean is inherently cheap, and can readily bear the cost of
transport for a few kilometrec, The same holds good for clectric power,

389, Upon & congideration of all these factors, one working systom would
be ns follows:

(1) Secawater induction will be done closc to mea, treated if
necessary, ~nd purped to olevated tank,

(2) The seawater will bo piped 3 to 6 kme (2 to 4 nilos) along
a canal on high oround, to freezing worke closo to the
scclivity approach to the glacier snout. The canal will be
kept fillod with lacier water, which will run out to pen,

(3) T™e froezin;: plant and 2uxiliarics (salt rainer, etc,)
will be located on the sides of the velley, ou hard (round,
Thie plant will have its own anmonia refrigorating system,
operatins on tho temperature difference botween the ice
produced fron the scawator, and the steam produced from the

sslt ¢Tainor housc or from stean wells.

(4) It is assumed that there would be a loss of 30 to 35% in
recuperating the cold of the seawater ice, It is proposed
that this 30 to 35% be made ood by the action of glaeial
ice and gocthernmal steane This plant will be situated atop
the glacicr or in a pond neardby, and the most unfavourable
situation ie token for calculations and design.
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(5) It is proposed that ~rmoni-. vapour be condensed and
liqueficd here, and piped down to the eseawater freczing
plant, where it will be cvnporated and abeorbed in weak
armonin water to fort stroiy aqua amonia. This aqua
armonin will be boiled, and the vapour piped back to the
ilacier top refrijerator for condeneing, The weak ligquor
fronm the distillotion will rcturn to the seawatoer freczing
plant outeidc tho aqua ammonia pipe. Thic pair of pipes

could bo a heat sxchanser,

(6) Tho 1liquid ammonia will hc piped down to tho scawator
plant ineide a channcl or conduit carryin;; 7lacial water
and ice, This will koop the liquid arronia cold without

having to usc ineulation lagy*ing,

The foresoing represents onc practical system, and it is an cconomical systonm,
It is not cleimed that this ie tho best desi,m, but it will scrve quitc well for
all elomantary costin: purposes. Optimization aud refincrent of figurcs will be
left to the consultin:’ enginecrs. Other deci;me have beon covercd oarlicer in

this report.*

390, On tho basie of all the fore.ning, the outline of e possiblo indus-
trial sot-up in thc neighbourhood of SélheimajBkull it as followss

(1) Scawster ir inducted at depth from near the mouth of the river
Jokulsa, and piped alon;; the riverbed back to almost the foot of tho outlot
glacier S8lheimaji®kull. The quantity nceded would be 10,000 tone per day,
roughly 120,000 US ¢mllone per hours The ocawatur passes through heat exchan{ ers,
cooled by the water of the river closc to the glacier and some ice from within
the syston, Thc water can be trented or procossod on the way,

(2) This seawator, now at a tomperature close to OOC, is subjooted
to freozing by the action of a refrigorant (1ike ammonia or butane) in two or
threc stages, the final staje producin: ice and brine at about -8°C,

(3) This brinc is now cooled to a2 tomperaturc of about -13°C, and the
sodiun sulphatc which ie produced is removed continuously by an clevator boot,
The residual brinc ic treated for recovery of cormon salt, potash, ma;mesiun
chleride, brominc, ctce (The presonce of some residual sulphate can caune disturbance,

® 3g¢, for instance, paracraphe 325 tc 330 antae,
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and the ronody has to bo worked out.) The roeidual brine is avaporated to drynecss.
This i all that is involved in thc first gtzgo of the industrial complex.

(4) The utilitics consist of the heating and cooling systoms, as
degoribed sbove., Icecland hae had many years of cxperience in mining and using
goothermal encriy, and therc is sufficicnt experticc within the country to
design, exocuto, opcratc and manace this part of tho project. Iocland hes
operated refrigeration plants, both ghoru-based as wcll as ship-based, for many
yoars, Thoe design of this speciel plant may have to be done by specialised ocon=
sulting enginocers sbroad, and part of tho fabricetion as woell., The ercction,
operation and managoment of the plant is within the capabilitios of Icelandic
personnel,




X111, Coxnc ons and Recommendations

391. (1) The Mission, thereforc, finds that thorc is fulfilment of all
essontial pro-conditiins for a successful chemical industry complex, bascd upon
soawater, and utilizing geothermal stcam, with glacial cold. Thesc projects,
therofore, descrve to be investigated in dopth.

(2) The Government also indicated its desirc to obtaiu an opinion on tho Lindal
suggestions to usc geothormal brine in a flash distillation system for production
of salts. Thc Mission finds it attractive, but has insufficient data to come

to final conclusions. Accordingly, it rccommends invcstigation of this process
as well.

(3) The Covernmont als> requested advico on a proposal 0 boil down straight
scawator for salts, using goothermal stcam.

(4) The cost of investigations, on a very rough ostimatc, may bc as followes
UNIDO proposal s 400,000
The Lindal project 1 1300,000
Simple evaporation of scawater @ ' 30,000

If the Lindal project is taken up as a subsidiary o>f the UNIDO's projoct, the
cost would be reduced to U3 $200,000.

(%) A ccrtain amount of elcctrical powor is noeded, whatover nrocess is appliocd.
The cheaper tho power, thc grecater the oxtent to which it could be uscd. Becauso
af the abundance of rainfall and thc hilly nature of the country, lccland has
good prospects of generating hydroeclectric power. The State Tlcctricity Board
(now the National "norgy Authority) has made exhaustive investigations of hydro=-
electric potcntial. It would appcar that Iccland can produce up to 10 million kw
power on a 35 per cent utilization basis. Not morc than 3 to 4 per ccnt of this
potontial is boing utilized at present. The cost of the power under the most
favourable circumstances is likcly to be low and the fertilizer factory of
Iccland is today working on a tariff contract providing for a charge of 0.77 mil
por olectrical unit for off-ncaklad powor. This figurc is now unrealistioc,
docause of rapid incrcasc in costs, and an aluminium company was forced to

sottle for 2.5 mils per unit >n a continuous basis. A plant which can avoid the
poakloads may got rorc favourablc terms, but cvon 2.5 mils is an attractively low
rato, which would permit considcrable utiliszation of powor. Hencc the question of
elootrical powcr should als> be investigatod.
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Annex II
Sc Compogitio operties ch by
A, C tion
1. Elsmonts

(Froms "1966 Saline Water Conversion Report", U.S. Dept. of the

Interior, Office of S~linc Waterl/)

co————— - —
Parts per Parts per

Elemont million Blement million
Chlorine 18,980 Carbon 28
Sodium 10,561 Strontium 13
Magnesium 1,272 Boron 4.6
Sulphur 884 Silicon 4.0
Calcium 400 Fluorine 1.4
Potassium 380 Nitrogen 0.7
Brominc 65 Aluminium 0.5
(Notes Diesolved gasos not included).

2. Jonie patiern
(As percontage of total solide)

(1) (2) (3 (4) (5) (6) (7)
Sationss grams/1itre
Sodiun 30,533 30.47 30.53  30.65 30,85 30.41 10.89
Kagnosium 30725 3453 3.79 3.75 1.82 3,82 1.33
Calcium 1,197 1.67 1l.21 1.2 1.16 1.18 0.43
Potassium 1,106 0,96 1.12 0.93 0.89 1.17 0.40
Maigars
Chloride 550292 55,01  55.46 55.22 55,30  55.45 19,68
Bulphate 7.692 8,00 Te59 7.88 7.78 Te97 2.74
Carbonate 04207 0.14 0,30 0.10 0.07 ? 0.08
Bromide 0.188 0.1} ? 0.14 0.14 ? 0.07

3/ Reference 83A page 311,

|
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(1) Mean of 77 samples from all over the world
(2) Baltic Sca
(3) North Atlantic, betwecn Norway and Faroecs
(4) whitc Sca
(5) Arctic Ocecan betwoen White Sea and Novaya Zemlya
(6) Siverian Ocoan
(Scc Clarke - Data of Geochemistry, 5th Ed. p.129)
(7) Grabaut "Principlos of Stratigraphy", Dover, 1960 p.148

3 cg fo nthat \
L - R

Salt Parts per million

n b o d

Sodium chloride 27213 26518 23476 26726
Magnesium chloride 3807 2447 4981 2260
Mogneeiun sulphate 1658 330% - 3248
S8odium sulphate - - 917 -
Calcium sulphate 1260 - - -
Caloium chloridc - 1141 1102 1153
Potasajym sulphate 863 - - -
Potassium chlorido - 725 664 721
Calcium carbonatc 123 - - -
Sodium bicarbonate - 202 192 198
Bromide 76(mg) 83(Na)  96(K) 56(Na)
Boric acid - - 26 58
Othere - - 27 20
PROSRISIIRSIIRRTISSSIRRRIRISRIRAR SO S SRR S R S L s s *
Total 35|000 34; 421 34' 481 34!“2

]

a - Armetron & Miall: "Raw Materials from the Sca" - Refercnce 4, page
b, ©, 4 - Sverdrup, Johnson & Flemingt %The Oceans" - Roforence 44, page
(See Tallmadge - "Minernls from Seasalt" Ind, Eng, Chem, July 1964, p.45)
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B, ) 3 Sgawater

1, Average salinity is about 3.5%, but notucl salinity ean vary from
near zero in the Baltic during spring thaws, to nearly 47 in pockets.

2. "Atlantic wator" is usually defincd as any seawater with salinity
over 35 parts pormille.

"Polar surface wator" has salinity from 30 to 34.5% par s permillc and
temperature below 0%,

"Arctic bottom water" hae uniform salinity of about 34.92 parts permille
and temporature below 0°c.

3. The temperaturs of surfacc seawater in summer rises to a maximum of about
10°C in August.

4, Closo to tho coast the seawator loses salinity noar rivoer mouths during
spring and summcr thaws. Howevor, this freshoning effoct 1s confined only to
the surface 3 - 5 motros. Below that depth the sezwater retaine its original
salinity.

(8ee Stefansson - "North Icelandic waters"l/and Stefansson and others -

"Salinity of North American Hateﬂ'@/ both published by Iociandic

Pisherice Research Institute)

)/ Reforence 122,
2/ Refarence 121,
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W

0 Temp. Orams
Centigrado brinc
=22 1000
4.4 309
6.9 147
8,6 68
10,6 66
=13.1 39
=16,2 25
«20.6 25
26,4 8
"3000 3-6

WW

(Prom Nelson and Thompson - "Deposition of salts from seawater by frigid
concentration®) - Refcronce 31

597
8.61
8,85
5.48
3.81
2469
1.77
1,06
0.69

1,90
1.9
1.26
0,60
0.36
0,15
0,07
0.04
0,01
0,00

0.64
1.30
1.54
1.75
1,83
1.86
1.89
1.0

88 % &R

1
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Soluble silicates
Soap

Bleaching

Rayon

Synthetic fibdbres
Alumina
Scouring
Cleaning
Btching

Alkali

Drugs

Rubber
Motallurgy
Potroleun

Alkall
Cement
Insulator
Refractory
Abrasive
Mag. metal
Cement
Lithography

Soluble =silicates
Soap

nex J1I
~4in products from scawat 4 8CE

Oxide Carbonate Chlorido Sulphnte »
Hydroxide Bicarbonatc
PR N RIS

5021 UM v
Papor pulp Paper pulp Edible salt Paper pulp
Glass Glezss Food scaconing Glass

Pickling foods Dycs
Fish preservation Chemicals

Dotergonts Water treatment  Detorgents
Beveragas Sonp making Medicine
Baking Dyc making
Medicine Hidos and skine
Textiles Caustic sodn
Alkali Chlorinc
Drugs Soda ash
Coramics Modieine
Metallurgy Sodium mot.l
Chemionls Potassiun chlorate
Petroleum Agriculturc
Photography
Tanning
Gas
Poams
Pirc oxtinguisher
KAGNESLIUNM
Oxide Cemont Cement
Rubber goods Cornmics Modicine )
Inmsulator Textilocse Soap
Alkali Paper size Sizing ’
Medicine Moge motal Wood troatment
Plastor Soap
Asbestos gooda Wood treatment
Inks




Mediocine
Water treatmont
Plaster

Mortar

Alkali

Caustic sods
Inscoticide
Medicine
Fortilizer
Paper pulp
Tannory

Oas cleaning
Dehydrant
Anmonia

Sods ash

Iron and stocl
Wator troatment
Soap

Rubber

Varnish

Bricks

Agrioul ture

-109 -

MAGNE 81 UM (continued)

Paints
Varnishes

SALSLUM

Dust=loying
Rofrigeration
Medicine
Chemicals

Soil treatment
Wator treatment

Lime

Glass

Paper
Cement
Plaster
Rubber
Asphalt
Modicine
Portiliser
Agriculture
Plux
Metallurgy
Alkali
Artificial stone
Whiting
Putty
Ceranics
Paints
Rubbors

Plaster
Browing
Doricoant
Boards
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2.
3.
4.
5e
6.
7.
8.
0
m'
11.
12.
13.
14.
15.
16.
17.
18,
19.
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Rarticulare of Jeslandic Shaciers

(Private Communication by Mr, Jon Eythorsson)

VatnajBkull

Hofs jBkull

Hofsj¥%kull, eastern
Langjtkull

Nyrdals and Eyjafjallajbikull
Torfajkull

Tindafjalla jdkull
Tungnafella jBkull

Ok

Eiriksjtikull

Dranga j¥kull

Snafellajtkull
Thrandarj%kull

Snaofell

Herdubreid

Pnn in Nordf jUrdur
Hl%dufell

Hekla

Small glaciers betwesn SkagafjUrdur and Ny jafjbrdur

ABRA (Sq. Jom,)

8332
1000

1028
828
16
25
32

o

166

28
5¢5
2.5
2,2




PROCESSING OF SEAMWATER QNTSOF 000LAy- 3.9 MILION TONS GRDSS )

==l

All figures anhydrous basis for sailts
o See ANNEX TC

ICELAND REPORY
viENA R
THIAGARAJAN
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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

TOTAL GUANTITY I S000D PASSES PER YEMR
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SEA TEAM PIPELINE
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SCHEMATIC SITE PLAN OF THE UNIT OPERATIONS
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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




2.
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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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