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INTRODUCT'ION,

Geothermal heat has been utilized in Iceland for many years for

swimming pools, institutions, heating of homes and industrial

" plants. The major part of this utilization is for house heating,

anditodéyjthére ére73pout 20 district heating services operating
and 61% of thé:pbpulation have geothermal space heating. |
Installed power of these district heating services is 450-500 Mw,
while installed hydropower is 392 Mw. In addition to this, two
district heating services are under construction, and when they
are finished, 75% of the inhabitants are expected to enjoy the ae
benefits of geothermal space heating.
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“Of the total'enérgy.C6nsumptioh—inAIceland - that is, oil,

”hydropowéf and geothermal heat - the geothe}mal energy accounts

for about 20%. According -to information from the Reykjavik
district heating service, the cost of geothermal heating is

25-30% of what expenditure would be if fossil fuel were used.

This paper (report) deals mostly with exploration and exploitation
of low-temperature fields. Certain chemical problems connected with
this will also be discussed.

TYPES OF GEOTHERMAL AREAS.,

There are two types of geothermal fields in Iceland, referred

to as high and low temperature areas. The high- temperature areas
are characterized by reservoir temperatures in excess of 200°C,
In the low-temperature areas, reservoir temperatures are below
150°C.

The 17 known high-temperature fields in Iceland are all locat 1

TWItHIT e rift—zone—thatextends—through-the—countrys——This = ——x=

zone - a land section of the Mid-Atlantic Ridge - is



dotted with activue volcanous, Many of the high-temperature arcas

aru nuar major volcanic cunteru. Thu heat vourcuy are muagma

intrusions, which are abundant near such sites and relatively

close to the surface.

The low temperature areas are found outside the active volcanic

zones in the Tertiary and early Quaternary regions. - The early

Quaternary regions bordering the aceive yoleanic zones aré B
characterized'by abundant productive horizontal aquifers in
subglacially erupted formations. The Tertiary rocks farthest
avay from the active volcanic zones are less permeable and the
flow of the thermal waters is controlled by vertical structures,
dykes and faults. The heat source of the low temperature areas
is related to .the general heat flow, which becomes systematically
lower with increasing age of the rocks, and with increasing

distance from the active zones of rifting and volcanism.

GEOTHERMAL EXPLORATION TECHNIQUES.

- In known geothermal areas the first step in exploration is geo-"
! . .

' logical mapping, and a study of the hot springs themselves, and,
‘ : if possible, the structures that control them.

le,

Geochemical investigations of the hot spring water are made in |
order to get information about the quality of the water and about

reservoir temperatures by use of geochemical thermometers.

IR SR . 607k

Magnetic ground surveys are used extensively in Iceland in the
low-temperature geothermal areas for tracing hidden dykes or

faults that may act as aquifers or upflow zones.

TN AT e g s

Electrical resistivity surveys have been used in geothermal
exploration for over 25 years. With this technique, it, is

possible to outline the undergrouynd geothermal reservoirs.

“’5”!“"“——-~—-The~campezazuxe_aﬁﬁgc; on xesistivity is greatest at low-

temperatures, less than 100°C, but becomes small above 200°C.
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Information about reservolr tempuratures can thercfore only

Lu vulimatod cruduly'Lrum ruulutlvity vurveyu,

The most extensively used method in resistivity surveys has
been the so-called Schlumberger method, but in recent years
the dipole method, which gives information on deeper strata,
has also been used.

Thermal gradient measurements in boreholes, generally 100 m
deep but occasionally over 1 km, give information about the
heat flow pattern. Abnormally high gradients possibly indicate

hot water reservoirs at depth., Recognition of such anomalies

may thus help us to discover such reservoirs.

Gravity maps, studies of seismic layering and magnetic-telluric
resistivity methods give information about conditions in the
crust that may be- useful for a bettér.undersfanding of the
thermal regime and movement of water through the crustal layers,
Isotope studies give information about the recharge areas and
about the rate of flow through the rock from the recharge area
to the production area. Isotopes are used also in aquifer
studies. Gravity measurements are, more over, important in
geothermal work connected with exploitation. Withdrawal of
fluid from a hydrothermal system may lead to net mass transfers

that affect the gravity values measured in the area.
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Five drilling rigs are mainly usced for geothermal drilling 4in
Iceland.

They are the following:

Name . Type Depth
Capacity
1. J8tunn  (Gardner Denver 700 E) 3600 m
2., Dofri {Oilwell 52) : 1800 m
3. Narfi (Failing 3000 CF) | 1400 m
4. Glaumur (Wabco 2000 CF) 800 m
5. Ymir (Mayhew 1000) 400 m

Drilling procedures vary extensively, depending on whether a

high-temperature or a low-temperature field is beiné.drilled.

The main difference lies in the well-casing program, aniin'ﬁhe

blow-out equipment used.during drilling..

Drilling of a typical well in a low-temperature area involves
the following operations. Initial drilling is done with cable
drill down to approximately 30 meters, and loose surface layers
are cased off. Rotary drilling starts at this point. Drilling
depth and hole diameter depends upon the area, the size of the
drilling rig, amount of expected flow and the size of deep-well

pump to be used.

The production casing normally extends down to 300 m, and the
trend has been to make the casing longer because of draw-down
during proddction. The production casing is cemented in the
borehole to protect the steel from possible corrosion by thermal
watex, and to stop the flow of water outside the casing, as
surface water could contaminate the thermal water with oxygen
and lower the temperature. When the production casing has

been cemented, the wells are normally completed without casing

or liners. The final depth of the well is cdetermined by results

obtained during drilling, expected depth of aquifer and depth



capacity of riq, but difficultices encountered during drilling
may alno ajlect. the final dopth,  Tho mouot comnon problems
during drilling is collupsc of the borehole and insufficient
removal of cuttings because of loss of circulation. Water is
used as drilling fluid, but occasionally a slug of bentonite
slurry is pirculated to remove cuttings, though its use is )
restricted because of its tendency to permanently clog
producing -formations: S ' '

Upon éqmplétiéh of drilling, an open hole packé{ is used to -
stimulate the well. This method has been used in Iceland since
1968 to increase productivity of 30 hydrothermal drillholes.

During stimulation, the.inflatable packer is set between two

-or more producing. horizons in the borehole, and water in turn
-injected beneath and above the packer. The rate of pumping is

. from 30 to 100 1/s and varies according to the resistance of the
r_producmg hor1zons to flow. Well head pressures range from-a-

.few kg/cmz to 60-70 kg/cm2 at 30 l/s in hlghly resxstxve horlzons.

_This- lncrease ln product1v1ty is predomlnantly attrlbuted to xhe
reopening of producxng horlzons clogged by drill” cuttzngs -and lost
circulation materlals during drllllng, but also to the removal

of zeolite and calcite vein deposits and by increasxng the
permeability of the hyaloclastic rocks in the immediate vicinity

of the holes.

PRODUCTION OF HOT WATER (DEEP WELL PUMPS).

Hot springs and some wells supply water by self-flow because of

a high hydrostatic pressure, and pumping is thus not required.

Normally, however, the water is lowered during exploitation

so pumping from wells becomes the usual method of pr;duction.

The first deep well pump to be used in geothermal well in Iceland
was installed at Laugardalur in Reykjavik in 1960. This pump

was of a standard type from Craelius with a semi-open impeller

——and-the_line_shaft was supported by open rubber bearings that
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were lubricated by the hot water. The temperature of the water
belng pumped was 130°C and it soon became apparent that the

rubbur boarlngu could not stand up to tho high temperaturo.

Different types of rubber bearings were tested, and the tempera-
ture limitation was generally around 110-120°C. Wear of the

bearings by sand in the water contributed also to the short life

T QF he §c4¢£5q9.~ ﬁﬁiféf&ﬁtiﬁgihhérﬁal aypansion between the

,column and shaft caused the pump-. lmpellers to stick because of

‘limited endplay between the lmoeller and pumphouSLng

In order to overcome these problems, various methods and designs
were tested. Bronze and bAbbit bearings were tested, but wear by
sand damaged the bearings. 1In 1965 a Fairbanks Morse pump was
tested with closed impellers-and an enclosed oil lubricated
lineshaft. The first pump of this type had bronze bearings
lubricated by 011 that was pumped down the shaft-enclosing tube,
and the endplay of the lmpeller could eas;ly be adjusted because
of a hollow shaft motor construction... This method of lubricating
was abondoned because of limited life of bearings (four months)

and because of contamination of the thermal water by the oil.,

A new design witﬁ“teflon ﬁearings was tested in 1966. The teflon
bearings were lubricated by filtered thermal water that was
pumped -down the shaft-enclosing tube. . This design has since

been uéed for all deep well pumps, and now bearing maintainance
is only required every three or four years compared to the
previous life of three to four months, when other bearing
materials and method of lubrication were used. The pump column

and shaft assemblies have been manufactured in Iceland.

So far the maximum depth of a pump in operation in Igeland is
130 m and the maximum temperature 130°C. This is not a definite
depth or temperature limitation, but the present pump design
does not allow for more differential expansion between column

and line shaft during start up because of limited endplay.
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for sulucting thu . dupth ob pump.

“Thue Lncroased pumpling cout with dupth also bucomey a criturion

At prugunt tho coul ol

electricity to drive the pumps of the Reykjavik district heating

system is 6-8% of total proceeds from the sale of water.

The temperature limitation for teflon bearings may be as high-
7f~a§'200'C'aﬁd ‘thus-deep well pumps could also be used in high-
- cempezaeura alumﬁ to grevanc remperatura AP and depos&tion

- of dissolved mlnerals, caused by flashing of the water inside -

the borehole, and to increase the output of the boreholes.

AS~the output-of wells may vary considerably, the minimum size

of the uppermOSt‘part of the borehole casing must be in
accordance with the desired output and pump size to be used.

- The length of this w1der casxng must be 100-300 m to enable

. the: inetallation of the pump to the desired depth

‘-To date:'the laféest pump’size used in Iceland is a 12" pump,

but the followxng table shows the capacxty ol normal deepwell

pumps and the mlnlmum size of the casing dlameter required

for the pumps.f

Output
(m3/n)
200
150-350
300-500
450-900

‘Pump Diameter

Casing Diameter (OD)

(inch.) - (inch.)
8" 3000 RPM 9 5/8"
12" 1500 RPM 13 3/8"
14" 1500 RPM 15 5/8"
16" 1500 PPM 17 5/8"

HOT WATER TRANSMISSION LINES,

The most common design of transmission lines from wells or

pumping stations to the distribution system are the following

A Ak haaiet

main types:
% -
: b
»
|

~Steel pipe Ina concrete auctand—in

rockwool.

ated-with——-
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2. Stoul pipou above grade linu, {nuulatod with

rockwool und covored with metal ghoeot,

3. Asbestos - cement pipe covered with soll.
4, Steel piéé burried in trenches, insulated with

~ polyurethane and -cased in plastic. -v_ - -

The transmissléh pipe in type 1 is the most expensive and not -
used except where required, when the pipeline passes through
built-up areas and roadways or there is a danger of damage.

The only transmission pipe in Iceland that is completely in
concrete duct is the pipe from Reykir in Mosfellssveit to

Reykjavik, a distance of 12 km.

Transmission lines of types 2 and 3 are common for small -
cammunltles and factorles, and type 4 is prlmarly used for the
distribution systems and service lines and for plpes between wells

and pumping stations.

The above mentioned types vary significantly in cost and
durability. Before a selection can be made, the pros and cons

of each type have to be evaluated.

Where the hot water is in abundant supply and self flowing,
asbestos -~ cement pipes can be used in spite of poor insulation

offerd by the soil cover.

The asbestos - cement pipes are sensitive to breakage and earth-
quakes and offer thus less reliability. In cases where this is
unacceptable, steel pipes are always used. The relative cost of
three types of transm1ss1on lines for different flow rates is shown
in the following figures., The temperature drop during transmission

is also plotted, based on the difference Letween water and ambient
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- The:- 5111ca content lS determ;ned by the reservolr temperature

(‘ONI(()' T()N /\Nl) ‘.( /\I TN(.

The thermal water used for district heating systems is pure

enough for potable use, with a. few exceptlons The total

d;ssolvad solids are only 200 -400 ppm, except where sea water

" is mixed in- the thermal water, 5111ca contrlbutlng the largest

--part 50- 200 ppnt e T e S

"and corresponds to the solubllity of chalcedony. The solubility
of this mineral increases with temperature, but silica does not
- precipitate unless the temperature falls below the solubility

for amorphous 51llca.

7Silica precipitation is generally not a problem when the maximum

g’as is the case in dlstrlct heatlng systems in Iceland.

The thermal water contarns gases that are separated from the

water before lt is pumped through the transmission llnes. The

separated gases are nltrogen, carbon dioxide and hyrogen sulphide.
COoy: 10—30,3/3.»3 el HaZ i | ppes- . -

Dissolved oxygen in small concentratlons has been measured in a

few places. The presence of oxygen is lndictatlve of mlxing

with surface water, or contamination by oxygen from the.atmosphere.

Contamination by oxygen from the atmosphere was a problem years

ago, when some wells of the Reykjavik district heatino system

were stimulated by an air-lift, and contamination in storage

tanks was also a problem. Deep well pumps later replaced the air-

lift, and contamination was cured by proper vent design. The

salinity of the thermal water is low, the cloride content being

10-40 ppm, but in two district heating systems the cloride

content is higher, 250-600 ppm.

temperature lS 130 C or less and the water cooled down to 30 40 C, T
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_been tried for one year but shows promising results.

In these two systems corrosion(pitting) has been notdd on panel

radlators Lut not in the dlslribution gystemns., Necently the

pid of the water tor Lhe Sulljarnarnes district heating systew,

. where cloride content is 600 ppm, the pH was increased with

_‘caustic soda from-a pH of 8,5 to pH 9,2. This mixing has only

p T gy



”_ ‘ :
o .
g “
ARG
G190 o
O_Y_m.7
ST
(] i
7%T;J__F

w

(¢}
&

[

o
‘v
s

£

w

<

e o

pd « O
o) ow
rd - =
. %f
O C%
—

52
¥ o 3
¢ o L
O @ o

[ "
PR [
‘ N i

¥ RN T

5/1"®10IMO g e
- . .., ,_iw A,:@ L ,,‘ Lo ' .; T
€¢ ¢2,1¢ Oc-61 B 4 9" Gl vl.€1, 20 W o 6 8 L 9 & & € 2 11 0
Attt 4 A 0
, . c ,‘,,... | ST
| o N \ ¥
1" m_:,y._ Co !
,,;,,1 ,,;, !
S sl
R | s
i _ . \..\l\l!l@
_ IR e © © -2
;_ . _\||.‘|\||I\|\I‘|||\ l¢l ﬂnHW m i
\\\\\\\\\ S B,
o--——""""." - ,_mom £_3  no_hw_>_oo, adidsojsaqsy l.w. Mw
- o oX%)
- ‘ 26
o \ ©- VAN ™
o ~ /. n
O \\
) \\ . Dn
4 O o
\\ S
\\
4
\\I@l
e (@] - 9
\\. o
L , ! \\\
yidep wopy 1o paung sedidissls pajojnsu] Fead
| ' —_— o 2
. \ "%
t \\\\ m
o Cy \u“l\ O
- T | - 8
G T
o ‘l\.\.\\l\ .
"7 v e w
| w/0%*H wwQ| Ajl@jowixosddo sadid ul dosp 9insssld | /vm
A _ ) )
{ T et B A i = d .F.*zb?rhal:& -




E Eg ORKUSTOFNUN 78.05.22 KR/H_|
E Relative cost of transmission lines T:':GZ’G———'—"—
F at various flowrates i:T;10é_9— -
v oo 009 ho |
3 B \ AN
\ :
‘ \
'\\‘” o =
S 1 \ 1
- L S S o |
- e IR % e
3 - -4 S T - o
L ‘\\ °
\- : %
\ \ s
\ - \\ o
.t o \ o
R \ ] 40
\ B <
00S$hQ 005 Y
| o N Vo . R
_ - 7’\' - \-- 3 - :
3 £ - A U -\ e ) 1Q
L = oY \- =) 40
: E N \ 3 |
- oSt PR A\ —
> \ \ 2
; 2 | \ 2
E E g \ -\ = (%) - -
: ‘= = \ \ = _
% S 2l00v P q
4 O = \ 00p 4R 2 o)
, Q. > \ % 40
: Q. € Q od
? © = \ \ :?l)
f % E \
8 g 0% N
a > . \ \
f c 2 AN \\
. Q s
; o S EPON 00£ PO, ale
b © 2 N | R
- o ) 052 h
: = g PO 052 PQ
__k A & N AN
—F E gt 0020 0020\
. wn N B
r 3 | oSl ©
é o o ’ ! ©
: ¥ @ 8 o
} syun }son




80922 KR/H

-

1-677

———— e —

J-Ym

F-17070

“;{ CRKUSTOFMNUN

—~nerature drop in transmission lines

at various flowrates

| R

burjoon

WX/ Do

31DIMO] 4
s7/1 22 12 02 6! 81 2 9 G H o< 21 11 0l & 8 L I 0
< ¢ I I T ¥ T i i 7 T | T T T T v -+ 0O
A%w
. =\
- 2
- ¢
- b
- G
| ‘yidap wap, 0 - 9
. paunq oc:m.;ou 21}sojd }001d19jOM D Ul uolDj|NSUl Wag yim 8did|aals
, - L
j1os yjtm pasanod adidsolsaqsy g
of | s
Ol
n
, - Ol
sl
- ¢l
\ - ¢
w/O’H wwg Apyowixoiddo sadid ul doip 8inssaud \e B
| IR . < |
o g |\
4. ; __,w “ - . b*wﬁfp
| i !




TR ORKU STOFNUN 78,0522 KR/H )
L= o T-678
“.~mperature drop in transmission lines J-‘;’m_ —
at various flowrates Ty .“T
' 4
00996”
~ \ IX-3 N
\ 18 ¢
Tz
2
w

k>3

&
400

300

200

Pressure drop in pipes approximately IOmm H,0/m
100

Steelpipes with Scm insulation and covered with a metal sheet

Asbestospipe covered with soil

S S ——

ol ~ OSlg, &
- 00! pa—
\ T I. R T T ] T 1 T I ¥ i ] T 1 ¥ L L] O

N O~ O N T MN - O QRN O N TN N =

- = = = = = 4 = <4 4 O 0O 0O 0O 0O OO0 6 o ©oO

wy/0,  buijoon



Y

TR T T R SR TR YT T

e

T T T RS PR TR A AT

e v4

WISy o

TURBINE PUMPS
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