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REYKJANES HIGH-TEMPERATURE FIELD

INTRODUCTION

The Reykjanes geothermal field is one of several high-temperature areas found on the
Reykjanes peninsula. Wells there have the highest temperature (295°C), wellhead pressure
(30-40 bar) and output (8-16 kg/s of high press. steam) and are thus one of the best sources of
geothermal steam in Iceland. The scientific exploration of Reykjanes started over fourty years
ago and the area has been of considerable geological interest in the past. Some 184 scientific
papers and reports have focused on this area and the geothermal effort there. The field has
been in more or less continuous exploitation for 20 years and the cumulative production has
been 40 million tonnes of fluid without measurable draw-down in the reservoir. All indications
are that the field can sustain substantial production but a reservoir study to has not yet been
carried out for estimation of the reservoir yield. At present there is only one production well
and additional wells will have to be drilled to supply new users.

GEOLOGICAL OUTLINE

The Reykjanes high-temperature system is located on the westernmost tip of the Reykjanes
peninsula in Southwest Iceland, where the Mid-Atlantic Ridge emerges above sealevel (fig.1)
Along the sub-aerial extension of the spreading axis there is a narrow east-west trending
micro-seismic zone below about 2 km depth, which is interpreted as the plate boundary. The
plate boundary in the upper 2 km of the crust is represented by NE-SW en echelon fissure
swarms, which are arranged approximately at right angle to the spreading direction. The
Reykjanes high-temperature field is located within the Reykjanes fissure swarm.

The main surface geological features and well locations are shown in figure 2. Most of the
rocks on surface are glacial hyalocalstites and postglacial lava flows of basaltic composition.
Active surface thermal manifestations on surface cover some 0.5 sq. km but about 2 sq. km if
fossil alteration is included.

Resistivity survey indicates that the upflow zone covers an area of about 1 sq. km down to a
few hundred meters depth but becoming more extensive at deeper levels (fig.3).

A total of 9 wells have been drilled and the location of these are shown in figures 2 and 3. A
geological cross-section along line A-B (fig.2) is shown in figure 4. The succession consists
mainly of interglacial lava series’ intercalated by hyaloclastite formations and sediments
(mostly reworked tuffs). Evidence from well no. 9 suggests that basaltic intrusions appear
below about 900 m depth.

A detailed study on the relation between aquifers and geological features encountered in the
reservoir has not been undertaken, but it is assumed that permeability is related mostly to
sub-vertical tectonic fractures and fractures along intrusive boundaries.

A comparison between hydrothermal alteration and probable formation temperature
indicates a general conformity in the reservoir except in the southwest part of the field
(around well 6) where measured temperatures are notably lower than indicated by the
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hydrothermal alteration and thus suggesting an incursion of cooler seawater into the upper
part of the reservoir (<600 m depth).

GEOTHERMAL BRINE

The reservoir water in the Reykjanes high-temperature geothermal field (table 1) has
practically the same salinity as seawater and is assumed to have originated from seawater. The
reservoir water appears to be stratified as the salinity varies somewhat from one aquifer to
another. The range in chloride concentration of deep-water is from about 18100-19200 mg/I,
which is about the same as in the cold saline groundwater below the Reykjanes peninsula. The
chemical characteristics of the brine indicate an origin from seawater which has reacted with
basaltic rocks at 100-300°C. Magnesium and sulfate are extremely depleted relative to
seawater concentrations whereas calcium, potassium, silica, manganese and iron are enriched
relative to seawater. Aluminum, chromium, copper, zink, arsen, silver, cadmium, antimony,
mercury and lead have been analysed in a few samples although not shown in table 1. The
concentration of these elements is low compared to geothermal brines elsewhere in the world
and in emanations from seafloor geothermal vents at ocean ridges.

The geothermal water from the production well RN-09 has been monitored regularly since
1983 when it was drilled and no significant changes in chemical composition or production
characteristics have been observed (table 1). The properties of steam from well RN-09 are
described in a separate report.

GEOTHERMAL WELLS

To date nine wells have been drilled for exploration of the geothermal field, two of which have
served as producton wells (table 2). The early wells suffered damage due to drilling problems
and lack of a liner or they were drilled outside the main geothermal area. Well Rn-8 drilled in
1969 was the first well to have a liner and was at the time the most productive geothermal well
in the country having an output of 45-82 kg/s in spite of its medium size production casing of
95/8". Well Rn-9 was drilled as a production well for the pilot salt plant at Reykjanes. It has a
production casing og 13 3/8". Figure 5 shows the initial well output curve (solid line) and the
points indicate the operating output vs. wellhead pressure at different times during its 10 years
of operation. There has been some loss of output due to scaling in the well and lately due to a
broken liner. The output was partially recovered when the well was cleaned in 1993. Figures 6
shows the mass flow of well Rn-9 from the beginning to the present and fig.7 the well head
pressure.

Down-hole surveys show a reservoir temperature in the range of 270-295°C (fig.8). The
reservoir is in single phase condition (water) below 900 m depth but follows the boiling point
with depth curve above 900 m. Through 25 years of mass production no pressure draw-down
or temperature changes have been observed. The reservoir porosity and permeability appear
to be high, resulting in highly productive wells.
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FIGURE 2: Surface geology of the Reykjanes

geothermal field (Lonker et al., 1993)
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FIGURE 4 : Cross section of lithological correlation
and temperature isotherms in Reykjanes
(Lonker et al., 1993)
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TEMPERATURE ( °C)

Temperature log from

R0 Sep 1995 grb
L= 18808 Oracle

Figure 8.

W B N O O T N I O vt v b v v s brv v by e
A 1 | i 1 | I
u l 1 1 1 1
1 | | | [} I~
- l 1 1 1 l ﬁ
. ] 1 ) |
] i i " —a—05 3] i
1 i ' | 1
1 1 l 1 1 1 -
E 1 1 | 1 ' o
| 1 I | l 1 »
1 ' ) 1 1
Q] ] | | ) ) =
Q —-—----=-=----- e e nintdie it I ettt bt T mmmm—— [ ittt —
[AV I | 1 ] -
- | 1 | »
_ 1 ] 1 B
! 1 1
1 1 1 t o
1 i 1 l -
] 1 1 | -
R ] 1 1 L
n | i ' L
l l |
o I ' 1 -
O —-———mm—— - gy S g g S S .
Y 1 1 1 =
] 1 ) 1 B
1 i l
- 1 1 l -
— l 1 ' L
- I [} t -
] ) 1
- 1 i ] r
] | | 1 -
t i ! -
1 1 t L
wm--:-,--l---r- A S R SR L e _
T ) ] i
o0 S 1 ! “ 1 ) gl
E ] l 1 1 ' -
n } ! 1 1 ' -
i I 1 ) 1 B
| ) i 1
. | ) 1 1 1 o
- i 1 ' 1 ' -
—1 t [} ] ] ] % -
| l l ) ] | B
1 1 i 1 l =
o lﬁ ] 1 ) ) i A
N —T-—fm—————- e ———— - — - - - —— e ———— A - trm———— _ —
o 4 ' ] | | 1 03] -
1 i t 1 ! o L
1 1 ! l " | R
t l 1 )
] [ve} n
1 1 1 i 1
- l 1 1 l | o _
. 1 ! 1 ) 1 »
] 1 1 1 ) ! + L
1 1 1 |
B i l “ I 1 =
] ] ] -
MJJ_.___ 1 " “ L B B e e e e e
Y] T LAY I B B B O B B [
(=) @) (e} o
et S vl S 2 =1
o Te} - o N Ire)
— — —

(wr) HILJAd



upjd 01 pa1dauuo)| 081 S6T (343 SYPI | €861 6
wupd 0 parpauuo)| L9 86T L6T pSLT | 6961 8
r1oo 8¢ oL 6961 L
p10oo (444 LS | 6961 9
pauopunqo Suijjiq 12 TIT | 6961 S
dapso0 Jomp| 61 0SZ S¥T 9¢01 | 8961 v
pasdpjjon we 9911 | 8961 €
92 (344 X 00€ | 8961 4
pasdjto) 71 791 | 9S61 I

S8 [Doxew| (w) (w) [ panup [s2quinu

syIrewdy moy oL | ‘dwiag, | Suise) | ypdag | deax | mom

*Soue[HAY J€ S[[9M [BULIIYJ0ID) *T dqe]

LT 800 90’0 Ty 248 66vTE sL Lr'o €5681 L6l L't €0 V.60  S9ST  €9SEl  9LYE 929 L1gl W v AN LSOOV6  60-I
9'c 0% 0 L'ov L6zl 65€TE L1 LTT81 L's TI'0 6680  €LYYI  6'88€l  6€€6  1'T99  LIEl Svb L8, B[ 9000L8 60U
s'ot 81°0 sto Trs orLl ozTLoE s1o 636L1  9'91 L68°0  Yiv¥1  gOIYl  I9L6  TSSS L€l S1v €8.doS  yET0E8  60UA
ByRw  BHBu  SfyAw  Syfw fyBw 3y8m  3yfw  Syfm  Byfw  3yiw  SySw  BySw  ByBw  SyBw  HyBm  ByBw  BySm B/ sqereq Jaquay  CIN

W™ ™ YHO STH 700 spusmid € d D YOS WK o N 0 p{ EN w0l °H od opq  adums oM

PRI SANVIMATH 60-NY f194 [em10q)0d8 woyy
apem dasp jo uopsoduiod edpmay) T Aqe,




