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ABSTRACT
Fisyros Is¥and, a member of the
Dodecanese group of istznds iIn Creese,

is part of the active Aegean volcanic
arc which extends from Xetrara (On tho
west) to Hisyros (On  the ees%),
¥cKenegis described the achive
tectonics of the Mediterranean
region. The ve#canice rocks of the

Aegean appear On Figure 1.

Dri*Ting of the Niayros 1
exploratory wel®, stk funded by the
European Economic Community, confirmed

the economic gsotherma® potentia¥ Of
this isdand. The veli¥, dri2¥e¢d at 1816
o, encountered a 350°C geotherma®
reservoir, which produced 13 tens/hr Of

two-phase fluid (about 80% vapor).

This paper describes the gso%ogy,
the dri%%ing, tho geoohenistry, and the
we®t testing results ¢f Hisyros 1 and

attempts to draw <c¢on¢etusions ONn the
geotherma® potentia2 of the iskanrd.
This paper ts a summary Of internal
reports within the Pubtic Power
Corporation in Greece. Xost of the
data were gathered by Geotermice
Italiana, who acted as the |esain

contractors for the project.

INTRODUCRION

Hisyros 1, an exploratory
gsotneraa® wel?, was dri¥%ed On Nisyros
Istand during the summer of t982.

strata, .of wrieh the bottom (between
1400 1 and ™), consisting  of
mefamorphia and igneous recks, produced

high temperature, high enthalpy ftuid
that is comsidered {0 be commerciaiiy
expioisavhe,

The we®® was drit%ed in the
saliders Of the Xisyros Voksano, which
fa of 3ete Quaternary age and disphays
the ca%c-a%ka®ine affinity typical of
is¥and ares. The summit O0f the vo%cano
nas experienced caildera oo¥%apss along
with se7era® periods of dome duikding.

Geologic evidence suggests that a
high temperature source (magma chamber)
is ¥ocated at re¥atively snal¥ov depth,
and that f%uid circulation ha8 taken
p¥ace, Yirs%, phreatic craters (which
are fbrmed by the exptosiys interaction
é¢ hot magma and cool surface water) on
the caflidera f¥00r suggest the existence
ot abnorma®iy high subdbsurface
temperatures and a shallow gedtheraatd
aquifer, Second, geocnenical data from
fumars®es and hot springs witnin the
¢ca¥ders indicate reservoir temperatures
of 200°¢ to 225°c. Third, petrographic
anakysis and xenoliths in the volcanic
rocks demonstrate the %ypica® sequence
of nydrotnerma¥ aureoles (argifkitic-
pay¥%itic-propy¥itic), which wusually

indicates the e¢ircu¥ation of f%uids
over 100° ¢.
DRILLING RESULTS
The we®%® vas dri%%ed witk four
different diaseter dri¥d dits., Tad2s 1
®#ists the bit diameters, and the

dri¥¥ing T¥uids used,

The wat¥, dri¥%¥ed at 1816 a,

encountered four distinguishable main
DRILLIIG SuMMARY ?0R

Interval Bit Diameter
0-151 m. 24"
151418 m. 17-%/2"
418-799 m. 12-2/4"
799-1350 m. 12-2/4"
1350-1816 m. 8-9/2

NISTYROS %.
Dri%®ing F2ujid
Bentonite Mud
Bentonite Hud
Seavater/Mud Pifkovs
Bentonite Mud
Seavater/Mud PilBows
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Drid¥ing <treveufed four distinct
strata. Of these, twWO are impermeabXe
and tw0o pesrmsadl¥s, The %etter are
capable of producing geothermal fiuids.

1. O to 400 m Impermeabde Rayer
of attered volcanic rooks. Temperature
gradiente  within this iayer are
359¢/100 m. This formation represent8
the Argi¥titiec sone o0f  thydrothermaf
afteration, with o¥ay mninera®
assemblages indicating - that
temperatures are below the 120 to 150°¢C
rangee.

2. 400 to 700 m: A permsadke
¥aysr containing f%uid. The formation
consiste Of altered (Rydrotherama¥ised)
¥avss, breccias and tuffs which razze
in composition from basic andesite (O
dacite. This represents the Phy¥iitic
zone, with abundant ch¥érite and ¥esser
amounts of quartz, sericite, pyrite and
carbonatee. This minera® zssemdlage is
characteristic ®f tepperatures between
150 to 200°C. High perasability wvas

evident by the ‘rsquent Ross of.

circulation of the."drifting fRuid (sea
water) .

3. 700 to 1400 =: Impermseadie

sequence O0f limestone ..and mardie.
Eg%ggralu;lee, rapid¥#y increased to over

right ‘at 1400 m.

4. 1400 to TD? A thick
productive section of epidote,
adudaris, albvite, tremoiite and
pyrrhotite. This asgemdiage’ 1S

indicative of the Propyiitic sone;
which deve¥ops onky with high
temperatures (230 to  400°C). A
temperature of 317°C was recorded at
1400 m while a temperature of 389°C vas
recorded at 1550 =,

The Xithologies © encountered
suggest a rsservoir mode# Cheracterized
by two productive zénes of high

temperature, high enthalpy fruid.
Between 1400 m and 1550 =, there is a
reaervolr with a temperature
approaching 350°C. An even .hotter
reservoir ie %ocated bdekoy the 1600 m
%evel, However, due t0 wexi damage it
was impoasible” to record ita

temperature.
GEOCHEMISTRY

The upper hot reservoir (1400-1550

m) shows "reverse"” chemicad
compasition, im that 1% is enriched in
boric acid amd ammonia and depleted 1In
Na, C¥ and Li. The presence Of mineral
assemb¥ages different from those for
which the vide#y used s¥xaky
geothermometers (Na&/K, Ca/XK and Ca/Ha)
heve been ce¥ibrated, preciuded their

use as temperature, indicators. Si¥ica
geothermometers coutd not be utilized
due to sikioca precipitation. The
enthalip of this reservoir (560
kca%/kg) indicates twdo~-phase, in-situ
conditions.

_ The deeper reservoir (beXox 1600
m) is bdetieved t0 be a hdét water system
vith few noncondensadle gases.

WELL PEBSRING

Whi%e no transient pressure
anadysis tests were run, four fow
tests were undertaken. The first teet,
conducted for approrimsteRy sir hours,
deposited an extremely Xarge quantity
of sodium, cazeium, and iron chiorides
and iron su¥fide compEstsl¥y pHugging
and pdstruckin the open air
separator.  Duzing this test high
weX¥head ‘temperatures (>400°C) and
we2Bhead pressurss (4% bars) were
observed « Casing ocok¥apsed reducing
the usefug depth Of the we2® to 1745 m.

During the second feat, the wel}
produoed unaided with staditiged
ve¥%nead oconditions of 240°C and 15
bars. Pev so¥ids wers deposited on the
surface during this test, a%*though e
solid pkug was formed at about 540 s,
ki®%¥ing the well, Again, damage
occurred _at the bottom of the welt
reducing Ita effective depth to 1640 m.

FokRowing & time interva® of one
month, a thipd test war conducted. An
hour of air ®ift was needsd to start
the wet¥ rhich produced fé&r 36 hours.
The bvottem ho¥e was again damaged due
t0 ptugging reducing the TD to 1570 m.

A fourth test, fukky nmonitored,
was conducted between Noveaber 28 and
December 3, 1982. A 22 hour air 24ift
was needed tOo start it up. The wel®
then fEowed fOr 96 hours. Again, bottom
hole damags reduced to TD to 1534 =m.
Using the Russet¥ James Method the weid
productivity pas obtained. Table 2
contains the resuts using a 2 inch and
3 inch 2ip:
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Table 2

NISYROS 1 PRODUCTIVITY DATA
' FLOW TEST #4

Lip 2* Lip 3"
¥etthead Presurs, Pyp (bars) 9.6 4.7
Critics® Presure, p, (bars) 3.85 3.25
Welinesd Temperaturs, T °¢) 185 160
Liquid Prow Rate, W, (ifn) k.6 2.2
Vapor Ftow Rate, W (t/n) 10.1 . 10.9
Total Flow Rate, WY(t/h) 11.7 12.2
Steam Quality, =z .86 .86
Specific enthalpy, h (kcal/kg) 564 564
Weight & of Noncondensable Gas (in vapor) 2.7 2.6

CONCLUSIONS ho¥e compketions,

The Niayroe 1 wek® dri¥ked 1in the The HNisyros 1 we%% has exhibdited
caldera of the Wisyros Volcane has problems ¢éf restarting apparently due
confirmed the existence of a productive to fines deposition and the
zone (below 1400 m) of high condensation and c¢po¥ing of fiuids in
temperature, high enthalpy gsotherma% the we2lbore.
fluid.
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Figure 1. Distribution of Volcanic Rocks of Tertiary and
Quaternary Age in the Aegean Region.





