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KEFLAVIK AIRPORT

UTILIZATION OF NATURAL HEAT AT THE

VEMORANDUM

by

Gonner Dodversson

INTRODUCTION,

June 30th, 1952

This memorandum is mede at the request of the

Tceland Defence Force for the purpose of giving & prélimiﬁary

enslysis of the possibilities for the utilizstion of natursl

hezt obtained in the thermsl ares on cep Reykjsnes for the

heeting of buildings on the Keflavik Lirporty and furthermore

to work out & program for the necesssry research work involved

in this project. The memorandum i¢ bezsed on studies ~hich the

writer hes carried out in the thermal areas of the Reykjanes

peninsule. It was written during the latter hslf of June and

hed to be fimished on June 30th.

& preliminery cost estimate for & pipe-line project

of the smasllest economic size is furnished. The results are to

he regarded a&s preliminsry estimate only, made in order to give

g first oversll picture of the economic

aspects of this metter.

The project deelt witﬁ includes only the piping of hot water

to the asirport, but the distribution system on the airport is

not taken into considerastion. A grest desl of information hed

to be at hand in order to make the design of this system possible.

L peophysicel resesrch program was recently carried

out in order fto find subsurfece therﬁal
around Keflavik, especielly at the lLeke
line whieh yields thermel sctivity in &
runs through this regiony and it is not

also yields thermsl water in the region

getivity in the region
Seltjsrne A mejor fault
number of locallities
improbable thet it may

esst of Keflevik although
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ne hot water reaches the surface. The ~hole region sround
Keflavik is covered by en interglaciel doleritic leve flow
" which would prevent thermal water from getting to the surface.

The result of this s&r?ey was pertislly nepstive,
it was found out thst the glasecisl seﬂiﬁéﬁts which are found
under the delerite sre inveded by sez water in the whole reglion
end the electrical resistivity messurements were thus useless
s & method to find thermel setivity becsuse éf the low rese
istivity of the szline wzter.

Brilling of test wells is conseguently the only
remeining method to find thermel sctivity in this region. A
ccmprehensive test drilling progrem would, however, have to
cover & great ares and would thus he véry expensive and it is
the‘opinioé of the writer thet it covld not be justified at
this juncture.

Large sesle therwmal activity is on the other hand
foundasouth of the Keflavik region, i.e. et the cap Reykjanes
some 11 miles south of the Keflavik Airport. This thermal srea
is one of the 12 stesm fields of Icelsnd and could prohebly
furnish the heat neecessary for.the girporte It is the scope of
the memorandum to diseuss the piping of hot weter frem this
areg to the aipport. | |

THE STEAY FIELD AT THE REYKJANES.

The thermel setivity at the Reykjsnes is found st an
sltitude of 30 to 100 feet and vovers an aree of approximately
Oy4 squsre miles. Only smell stesm vents sre present with the
exception of one hoiling water pool whieh contains practically
genuine sez water. This»is g rather strange phenomenon ané

must be explained by some sort of "steem-lift" of the ses weter.
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The surface formetion of the aree is a postglacial but
prehistoric bassltiec lave flow. The hills Bmjsrfell and Sfrfell
which breask through the lave afe formed of the basic tuffs
cormonly found in the central and southern parts of Iceland. The
aforementioned leve {low may cover angtkér postgleciel flow under
which we may egein find the intérglacial doleritic flow found
at the surfece in ether’parﬁs.éf the Eeykjan&s. The presence of
the latter two lava flows at the cap Reykjisnes is, however, only
& guess.

The geological grofiie of the asres is probably as
followse.

1) Postgleeiasl basaltic lava flow I

2y w#- 0w i " IT uncertain

3)-Interg1acial doleritie lava flow uncertain

4) Glacial sediments uncertain

5) Basic tuffs

6) Tertisry basalt platesu.

The thickness of the besaltic flows can be between 50
and 100 feet, and the doleritic flow could he up to 200 feet thicke.
The sediments sre probesbly rather thin. |

The ses water which invsdes the srea and formes the
boiling pool mey either come threugh the sediments or hetween
flows I end Il. The former possibility is more probasble as the
eforementioned geapbyéiﬁal sufvef did show that the sedimehts &re
inveded by see wster in other regiong on the Reykjenes perninsula.
The presence of sez weter under tﬁe thermsl aree is of imp@rtancé
as it mayilea& to severe .corrosion of steam well casing.

The thermel arés ig most probebly fed by weter heving
e temperature of 2000C erichre which ascends through faults in

the besalt plateau snd spreads in the overlying formations. Wells
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ff*;dfilled in the area will therefore produce in most cases &

!

.{mixture of stesm and water, The steam which comes through steam

i

ilvents at the surface conteins ghout 0,05 cubic feet per pound

'ffgof gases. The composition of the gases is approximetely

| /1, ~ c0, H,S H CH

2 2 By Rest

r 95,0 1,8 143 0 1,9 0/0

L The thermasl sctivity on the Reykjanes is connected
to théjéforementioﬁed majér feult line which runs from the
mountéin Esja to the Reykjanes* eand on which thermal activity
is found in 4 other plesces; i.d. Kollafjsrdur, £lfsnes, Laugar

THE POTENTIALLITIES OF THE STEAW FI1ELD AT THE REYKJANES,

There asre certain major difficulties ebcountered in
the estimsting of thé'amount of steam which may be produced by
means of weil drilling in a steam fleld, the drilling itself is
in fact the only relishle answer to this question. But the
situstion is, however, not eompletely'obseure and & certein
smount of facts can be stated through surface observations and
experience from other fields,

There two factors which contribute to the stesm
production., The first is the stesdy flow of high temperature
water or steam up throvgh the faults in the Tertiary bzsslt. A
gréat pert of this aseénﬁing flvid een he recovered by the drill-
ing of wells which eut the major channels in the faults zones
end at the dikes. The gmount of the ascending fluid cen be
roughtly estimeted through the steady heat dissipation st the
surface. The underground dreinage of the field is the most un=
certein factor. The temperature of the ascending water is e

figure of mejor importence as it determines the ratio hetween

) 4.
|




5e
stegm & nd water in wells producing from feults. Higher temnp-
eratures give more steane

‘The composition of the geses in the stesm given
of f from the vents at the surfece cesn probably in some céases
give hints about the temperaturé of the ascending water. High
content of €O, 1n the gases end low gaé'eontent of the steam
indicate comparatively low temperatures, i.e. around 200°C
but some steam fields sean tg have considerabely higher temp=-
erstures. The temperaﬁures\in the Reykjanes field seem thus to
be at the lower ends l.e. in the neigbourhood of 20066.

The seeond factor is the heat accumlated in the rock
under the steam field, The ascending high.tegperature fluid
"has heated up a vast volume of rock which can give off a large
amount of steem in those places where the porosity and
permeability are high enoughe The possible stesm production of
the unit volume of rock can in faet be calculated if the
temperature and the porosity are knowne

It would go beyond the scope of this memorandum fo
discuss the physiecsl prineiples of the netural steam production
any further, end only the results qf the writers preliminéry
estimates for the steam field at Reykjanes will he givene.

Phe conditions at the Reykjanes are in wmapy ways
obscured by the lave flows whiéh cover the whole field and
jts vieinity. But having regard to the heat dissipated at the
surface in the field and experience from other fields the
writer is of the opinion that = production of 100 to 150 tons
per hour of steam at zere to EQ psig pressure can be regarded
as likely figures for the field st least for e compasratively

long period of time, i.e. 5P years or moree
E P 9




be

This is of course only to be regarded as a tentative
estimate,

It must et this juncture he emphasized that steem
wells are in most eases only active for & certein period of
time znd that they must he redrilled orfnew wells drilled.

This ean either be due to deposiﬁs'in the fissures around the
wells or locel depletion of porous horizonse.
THE HEAT-CARRYING MEDIUM,

The steam from the Reykjenes field ean not be piped
to the Keflavik Airporte. Pingin of steam over long distances
is not economicaly especislly in this case es the natural steam
contains corrosive gases and mey even form deposits if it is
slightly wet.

Yater of good chemical quality is consequently the
cnly possible heaﬁaearryimg mediﬁm; This w&tef hes to be obtained
from & source near to the steam fieldy &nd hes to be heated up
by the naturel steam in a heet exchanger end thereupon to be
pided to the airpdrt.

This system has to he hased on & suiteble source
of water, but the region around the steam field is, due to its
voleanie eharécter, completely short of surfece water, and the
water has consequently to be obteined from drilled wellse It
must hawever, be emphasized thet it is en open question whethgr
the régien econtaing an sguifer within reasonable depths. This

will lergely depend on the presénce of the glacisl sediments

[

mentioned on page 3 es these heve proven to he gocd squifers
in the region sround Keflavikg most of the water in this region

is in fect obtained from wells drilled into this forration.




TECHNICAL DETATLS OF & HEATING PLANT.

It has not been possible to obtsin relisble in-
formations about thé.present ennusgl fuel consumption end the
annual fuel costs at the Keflavik Airport, Any fﬁture plans
were of @ﬁurSG not gt hende The dim&ﬁ§§ons of a heating plant
fulfilling the present needs can therefore not be calculated
at this juneture. | |

The weiter hss therefore decided to mske another
spproech to the problem, i.e. to caleulate the dimensions of
& propesed plant of app:oximately_the smgilest economic size.
The details of these ecalculations wiliAfer~simplific5tion
pgrposé ﬁﬂt‘bé reproduced in this memorsndum, end only the
main results will be farﬁishéd, ise. the proposed engineering
deta znd the preliminasry ecost estimaﬁes for this sme'lest
economic size. The plant deetl with will furthermore, as hsas
bzen mentioned in tﬁe introductiony be limited to the supply
of hot water to the Keflavik Airport, and the distribution
syster on the airport will not reéeive sttention.

The wpiter has assumed that different grades of fuel
0il are now used on the girport snd that the main price of the
oil is 10,5 cents/gellon at the consumer. Based on this eshd
furthermore en interest of 5%; a déprecietion during 15 years
gnd usuzl operating ezﬁences, the writer has estimated that
piping of hot water from the Reykjames field to the Keflavik
Lirport could be economical when the fuel eil evonsumption on
the sirport étgeeés 15,000 tons (lcng} per yesr. The smellest
economical hot weter plant has consequently e hesting capaclty
equivelent to the consumption of 15.000 toms of fuel oil per

yeer, and the f@ll@@img>data refer to this size of plante
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The main technical deteils of the plent sre furnished
on the attached sketehes, the proposed site of the pipeline on
sketch 1) and the flow diagram on sketeh 2).

1t is assumed that the water is obtazined from 20 water
wells in the vieinity of the steam field, the ares north-east
of the field is probably the favourable. It is furthermore
sssumed that the water need some purfication as softening and
purificastion plant is included in the project. Deareation is
also to be performed in connection with the heating proceas.

| From the purfication plant the water is pumped through

two hest exchangers, The first one is termed &s low pressure
heater snd operates at zero pressure geuge oh the steam sides
Here the well weter is to be hested to 100°C. 1In order to run
only a pert of the stezm walls &t higher pressure than stomospheric
the weter'isvheated ts-fhe finel tempersture of 130°C in & separate
heat exchanger termed as the hig pressufe exchanger which operates
et 4% paig pressure at the steam side. A higher pressure than
this would ﬁrcbahly not be economical as the output of the wells
is hieghly éépeﬁéént on the pressure.

From the heat exchangers the weter is pumped through a
12" I.De insulated pipe-line to the eirporﬁ. The teérrain through
whichk the pipe-line has to run is unusu&i and difficult as it
consists laergely of postglaciel lave. The pipe could therefore
not be burried into the ground as may be economical in some regionse
It must therefore be placed into a concrete conduit on the surface
or it may be placed on adeguately spaced conerete supporté without
e special conduite The latter paésibility is less expensive and
the writer is of the &pinion that it will be possible in this case
and hss therefore sssumed this arrangement. The insulation of the
pipe hes then to be covered by a watertight material es €ege.

gelvanized steel pletes or even stainless steel platese
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Ihe temperature drop in the pipe-line ig st full
lead calculated to 6°C and water at 1242¢ is consequently
delivered at the @irport where it is distributed for the
individual buildingse. £ system of storage tanks are assumed on
the airport in order to equalize the péék loed during the
coldest desys. The eguslizing process willy however, not be
discussed here.

Humericel date ef the plant &réAéalcalgtedAand estimeted

as follows: (tons sre metric tons)

Eq&ivsleét fuel oil cansampticﬁ 15;600 tons/year
Ennual 1oad factor 0,37

Peak load : 120,10°  Btu/hr
Daily-iead factor on peak day 0,60 \
Distribution efficiency on the sirport 0,480

éverége demand on pesk dsy 9&.106 Btu/hr
Temperature of weter at airport 124°¢C

Temperature of vaste weter 509C

Meximom flow in pipeeline ‘ 1,350 GPY
Length of pipeline - 1244 miles
Dismeter of pipe-line ' 1

Pressure drop in pipe-line 129 pei
Tempersture of water from hester 1309¢

Tempersﬁare of water from wells - 3%

Flow of steam wells 75 tons/hr
Number of ste;m:wells ‘ 6

Power reguired ' 200 lew
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2)

3)
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Preliminery estimates of cost are as follows:

Water wellsy pumps; purificetion plant
cold water piping, electrieity supply,
NOBBADE %asssassessas s isdshsssdnssies
Steam wells, stesm piping o
hest exchangersy; pPUMPS ecccccisscocscosna
Plpe~line to airport essvecoessccncenas
Total
Addition 16 %

Total

Annual opereting eoste
Interest 5%, depreeciation 4,6%
overheed, repairs €tc cscecvecocvcccne

Drﬁlljng 8 E e EOC6 L0 P UEEFESLOSHECEOE S

Totel

380.000400

300 «0Q00 §00
_]_. & 2_20__:._000_100

1.900.000400
300000400

2200000400

310.000400

__40.,000.00

350.000400

The annual operating costs are thus estimated to be

some 16% of the erection coste. This sum divided by the annual

fuel consumption, i.e. 15.000 tons or 45.000.000 gallons givex

the equivalent cost of fuel of fuel oil of 7,8 cents/gallon.

The actuel fuel price was zssumed to be 1049 cents/gallon and

an equivél&nt of 247 cents/galilon can thus be used to cover the

dispribution cost on the eirporty; ise. & sum of 12éeO®G,oo

which should suffice to cover the operating cost of the distribution

system within the airporte.

The plent 1s thus Just on the economical

limit, i.e. it is the smellest size which cen be justified.

Larger plants could be operated with profits
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THE_¥AIN PROBLEMS.
: The c&lcuiatioasvabcve were hased on g number
of gealogieal and engineering sssumptions which are st this
juneture mere or less uncerteine. These main problems of'the
project will in the followinz be reiterated. '
1) The steam supply. It was éésumed that the
Revkjenes field would be sble to produce hetween 100 and
This is of course only an sssumption which bes to be tested.
The writer is of the opinion thet the drilling of one or two
¢team wells in the ares would furnish the geolopical and
physi&al information necesgary. to get & thorough picture of
the sitmations These wells do not have to be of the save size
gz the projéetgd‘steam ﬁelisf_ A'eamprehensive geological and
geophysical sufvey should be made in eombination with the
drillinge. |
ell coring,  The infiltration

2) ﬁorrdSion‘nf stesr

of seg weter into the thermal sres can lazd to @ very serious

corrosion of the steam well casing and specisl expencive measures

ney be necessary in order to minimize the corrosion sttacke.

Some- 1350 GMP of cold

=

water sre requifé' és heat carrying medium. It is at this
juncture anot known ﬁhgtbef this water is availahle in the
éieinity of the steam fields Gé@lagiaal and geophysical studies
egnd the drilling of one or twa*tesﬁ wells are ﬁeceséary in

aorder to study the eonditions.

4} Gsfresiaﬁ.gnﬁrdegqsitg in the mein pipe-line,
Although purification and ‘deareation of the well water are

ineluded in the project the high weter temperatures may lead
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to & meassureeble corrosion in thé main_pipe—line. The ganger
is probahly not serious but must receive attention when the
quelity of the well water is knowne

5} Problens éf designe The project does, due to
its wnusual charscter, include some new features of desien
which can berregarded s Sbeefal engineefing preblems,'although
they will not be very diffivult to solve., It is primerily the
design of the main,pipe-lineﬁwhich is of grest economic importe
ance snd must receive special e ttention.

RECOLUENDATI ONSE

In the case the project receives fevourable sttent-
ion the writer recommends that further studies be carried oub
in the following sﬁepszf

1) A thorough geologicsl survey of the Reykjanes
stesm field should be mede. This would include as a msjor
item s geophﬁsicél survey in order to study the prospects for
an sdequate cold water supply. The costs of this survey are
estimated at 3,000,00 and the duration at 3 months.

2} brilline of one or two test wells should be
carried out in accordance with the results of the geological
survey., Thelr flow characteristies should be studied during
18 to 24 months. Phis first test drilling can be wade with a
ceble tool rig but the rotary method should he used if possible,
Cost of this drilline is estimeted at 40,000400 if normal
ecable tool equipment is uded, snd the duration of the whole
drilling snd test period et 24 té 30 months.

3) Drilling of one or two water wells to test the
conditions of the water supply. Duration 5 months aird cost

estimeted at 10.000,00




4} Some of the essentisl desisn problems should
receive attention st an early dete, e.gz. in connection with the
geclorical survey. Cost estimsted at 145C0500.

CONCLUSIONS.

The conclusions ef the writefé'stuﬂy cen be summarized
gs followss

1) The plping of hot water from the Reykjanes steam
field to the Keflevik Airport sppesrs to be economical when the
annual consumption of fuel oil on the airport exceeds 15.000
metric tons per year.

2) There zre seemingly godd prospects that sufficient
neturasl steem mey be produced &t the Reyikjanes, but this
assumption is to be regarded as uncertain, snd must in any case
be tested by specisl test drilling.

- 3) A preliminéry cost estimate indicates thet the
cost included in the errection of & plent capable of piping
16350 GPM of weter at 124%C to the airport, which is the smallest
economic capacity, is 2.200.000400. The distribution system on
the sirport is not inecluded in this figure.

4) & comprehensive test deilling end research program
is necessary'in crﬁéﬁ to get relisble informations sbout the
steam supply end other {igures. The cost of this program is
estimated at 54.500400 and the durstion of the wholé test period

ot 24 to 30 months.
Revkjavik, June 30th, 1952

Gunnar Bodvarsson

Chief Engineer

Geotherral Depertment

State Electricity Authority
Reyk jevik, Iceland




