pacTBOp, MOJAHUMAIOT OypPHIBHBIN MHCTPYMEHT U IPOBOAAT KOMIUIEKC IPOMBICIOBO-TE€O(MU3NUECKIX HCCIIe-
JIOBAaHUM, KOTOPBIM HAYMHAIOT U 3aKaHYUBAIOT Y-KapOTaXKOM.

[IponaBnauBaHue pazOHOBOTO MHAMKATOPA B MOPHI U TPEIIUHBI MOpo. [lo okoHuaHuio OypeHHs mep-
criekTuBHOrO MHTepBana (TtommuHoi 20-300 M) U ero MPOMBIBKH B NMPH3a00WHYIO0 30HY CKBa)KHHBI BBOJIST
3apaHee MPHUTOTOBICHHBIM aKTHBUPOBAaHHBIN pacTBOp KoHIeHTpamued RN 3 nr/m. O6bEM pacTBOpa JOIKEH
ObITh B 23 paza Ooiblie 00bEMa CKBaXKMHBI B MHTEpBajie uccinenaoBanus. [locie BBegeHUs] HHAMKATOpa Ipo-
Boasat 'K 1 co3maror B 1ensx mpoaaBIMBaHUs aKTHBUPOBAHHOM JKUAKOCTH pernpeccuio Ha iact (3—5 mlla),
KOTOpasi JIOJDKHA OBITh MEHBIIE T'HIPOJANHAMUYECKOr0 JaBJICHHS MPHU CITycke OypwibHBIX TpyO. Heobxoau-
MBI TIepeTa]] NaBIeHUs] OOBIYHO CO3MIAI0T MyTEM pacXa)KMBaHUs OypHIFHOTO HHCTPYMEHTA B TedueHue 1-3 4.
Cpa3y nocie pacxaknuBaHHsS MHCTPYMEHTa poBoaAT moBTopHBIA ['K. 3aTemM OypuiabHBI HHCTPYMEHT CITyC-
KaloT 10 320051 U B Ipoliecce NPOMBIBKM CKBAXXKHHBI TPEX-MIATUKPATHBIM 00bEMOM HEpaJnOaKTUBHOTO pac-
TBOpA BBITECHSIOT aKTHBUPOBAHHYIO KUAKOCTh U3 Mpu3aboiiHOH 30HBI. [1o 3aBepiieHNH TPOMBIBKH OypHIIb-
HBI MHCTPYMEHT MOJHUMAIOT U BBITIOIHAIOT KOMIUIEKC MPOMBICIOBO-TEO(QH3MYECKUX HCCIIEAOBaHUH, KOTO-
PBIIl HAUMHAIOT M 3aKaHYMBAIOT raMMa-KapoTaxeM. B ciyuae perucrpanuy 4€TKHUX JOKAIBHBIX Y-aHOMAaIUN
TOTIOJTHUTENIBHO TIPOBOAT B TeueHHe 3—24 1 BpeMeHHBIe 3amephl [ K.

g 3Toro B EMKOCTSIX LIEMEHTHPOBOYHBIX arperaToB MPUTOTOBISAIOT PaJlOHOBBIM MHIMKATOpP paBHO-
MepHOW KoHIeHTpauu# (3 mr/m) Rn B 00béme B 1,5-2 pasza Oonpiie 00bEMa CKBaXKMHBI B HCCIETYEMOM HH-
tepBasie. 110 MIOTHOCTH M PEOIOTHYECKUM ITapaMeTpaM MHAWKATOp He JOJDKEH OTIMYaThCS OT pacTBopa B
CKBaXHHe. VHIUKaTOp MPOAABINBAIOT HEPAINOAKTHBHON XUAKOCTBHIO MO OYPHIBHBIM TpyOam, TIIATETHHO
KOHTPOJIUPYS II0 MEPHOI EMKOCTH 001l 00BEM 3akaunBaeMoit xuaKocTH, T. K. 'K mpu stom, kak npasuio,
He npoBoaAt. 1o 3aBepiienny crycka 00cagHO KOJOHHBI CKBaXKHHY ITPOMBIBAIOT. B X0/1€ MPOMBIBKU BEAyT
N3MEPEHHsl Y-aKTUBHOCTH M O0BEMHON CKOPOCTH BBIXOISIIEH M3 CKBAKUHBI KUAKOCTH B LIENAX OLIEHKHU I10-
JIOXKEHHUSI MHIUKATOPA I0CIIE CITyCKa KOJIOHHBI.

I'amMmMa-kapoTak MPOBOIAT B UCCISAYEMOM HHTEpBae co ckopocThio 100 M/4 (He MeHee 2 pa3), a BbI-
e Hero — 300 m/4.

Bo BHYTpHKOJIOHHOE MPOCTPAHCTBO, KOTOPOE MO NPOTSHKEHHOCTH OoJiee yeM B TpH pasa OoJiblie mep-
dhopupyemoro uaTepBana, BBoaAT 3—20 Hr pactBopéHHOro RNn. C momompio 'K KOHTpoIupyIoT pacmpenene-
HUE WHIWKATOpa IO CTBOJY CKBa)KMHBI. 3aTeM MHTEpBal mepGopupyoT u co ckopocThio 100 M/4 mpoBonsT
noBTopHBIN ['K 711 BBISIBIICHHS HAa BBHICOKOM (DOHE JIOKAILHBIX Y-aHOManui. MccienoBanne 3aBepiiacT WH-
nukatopHbll ['K, KOTOpBI MPOBOAAT MOCIe MPOMBIBKH Mep(HOPUPOBAHHOTO MHTEpBANa HEPaIHOAKTHBHON
KHUIKOCTBIO (TpEX-TIATUKpaTHBIM 00bEMOM). Eciin moBTOpHEIM 'K 3apeructprupoBanbl 4€TKHE aHOMAIUH, TO
JOIIOJHUTENIBHO NPOBOAST BpeMeHHble 3aMepbl ['K. Takue 3amMepbl MOXKHO ITPOBOJUTH TAKXKE IOCIJIE TIPOMBIB-
KM CKBaKMHBI WM B XOZI€ OTEpaIliy KapoTaX-UCIIBITAaHNE KapOTaXK.
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Introduction. Earth’s interiors contain a huge amount of heat generated by different geologic processes.
Thermal regime of the crust is formed by the heat entering in its base from the upper mantle and its another
part, generated due to decay of long-living radioactive elements. At the most subterranean layers within
active tectonic zones the temperature rapidly increases with depth especially in regions of recent volcanism
where melting rocks exist at relatively shallow depths not only in the upper mantle, but in a number of
instances also in the crust itself. When underground water passes in close vicinity of such rocks, it becomes
hot or even turns into water steam. Geothermal resources are not the same everywhere and their highest
values mostly exist within areas of young volcanism. Geothermal energy is classified in two directions: The
so-called direct use (heating, cooling) and indirect use (electricity production) [1].

Activities in the field of geothermal energy in Iran are focused on scientific and research aspects. The
research part is aimed at reduction of financial expenditures required for exploitation of these resources. The
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second step is to work out research results into scientific dimension and finally to for practical purposes, i.e.
both for building-up electric power plants and for direct uses. A distribution map of potential areas for
utilization of geothermal resource in Iran have been drawn, it shows 14 suitable regions for geothermal
activities. Among these 14 sites, the Sabalan region seems to have the most considerable geothermal
resources and the Meshkin shahr field, located also in this region, has a priority for installation here a
geothermal power plant (Fig. 1) [1].

Geothermal Resources. The Renewable Energy Organization of Iran (SUNA) as a part of the Ministry
of Energy fulfilled a global investigation in the whole area of Iran in 2000-2002. The investigation identified
10 vast areas which have a number of potentially suitable regions for this purpose. Iran has 32 provinces and
SUNA, between 2010 up to now, is focused on exploration of geothermal areas in each province according to
their standard methods (Chart. 1) shows the layers which were prepared and integrated for determination of
geothermal perspectives [1].

Power Generation. The Sabalan geothermal prospect area lies on the north-western western slopes of
Mt. Sabalan. Fig. 2 shows the position of this field. It is located about 20 km to south of the city of Meshgin
shahr within the Moil Valley in the Province of Ardebil, northwestern Iran in between 38° 12' 52" and 38° 20'
00" N and 47° 40' 30" and 47° 49' 10" E.

Present Iranian conventional strategy for power generation has been largely established on the
utilization of inexpensive local fossil fuels and to a lesser extent on hydroelectric resources as shown in
Tablel [2].

Figure 1 —a) Distribution Maps of Potential Areas (rectangle squares) perspective for Geothermal Resources in Iran according to
Renewable energy organization of Iran (SUNA), (1998), [1]. b) Geothermal fields: 1 — Sabalan, 2 — Kuoy Maku, 3 — Damavand, 4 —
Sahand, 5 — Taftan, 6 — Tabas, 7 — Ferdos, 8 — Takab, 9 — Khour Biabanak, 10 — Mahalat, 11 — Ramsar, 12- — Minab, 13 — Kazeroon,
14 —L ar-Bastak.

In order to better understand the reservoir characteristics, geothermal professionals from Iran initiated
the geo-related investigations. Later a number of scientists from New Zealand have contracted in frames of
the running investigations. As a result of geological, geochemical and geophysical surveys, locations for three
exploratory wells were determined; each with a target depth of 3000 m. The main characteristics of these
exploration wells are shown in the Table 2. Their drilling was started in late 2002 and they were completed in
2004. According to joint information of the companies SUNA, Iran and the Sinclair Knight Merz Ltd, New
Zealand the downhole temperature was approximately 240 °C, it was recorded in two wells at the final depth
of about 3200 m. Completion test and discharge evaluations of these wells were conducted successfully.
Numerical modelling of the reservoir was accomplished and the capacity of the field was approved to install a
55 MW geothermal power plant. Drilling of seventeen more production and injection wells are proposed to
supply the required steam for this power plant [2].

96



Geothermal Geological Hydrological Data Remote Sensing Aeromagnetic
Surface Structures Data Data
Manifestations [ [ I l
“Warm Springs “Major faults “Water well thermal =Argillic altered areas Deep intrusive
*Young Volcanic *Minor faults anomaly +Ferric altered areas bodies
Rocks *Reverse faulls *Cold springs thermal Lineaments *Deep faults
*Altered areas *Inferred fault anomaly *Field control of *Magnetic anomalies
~Travertine depcsits -Earthquake “Water well ClI alered areas
epicenters anomaly
I | | | I
Geothermal Geothermal Geothermal Geothermal Geothermal
Prospect Prospect Prospect Prospect Prospect

l

Integrated Interpretation

l

Determination of Geothermal Prospects
(ready for further exploration studies)

Chart 1 - Layers developed and integrated for determination of geothermal prospects [1]
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Figure 2 — Location of Sabalan field in Iran [1]

Table 1 — Present and planned production of electricity in Iran [2, modified]

Geothermal Fossil fuels Hydro small and large Other rle ne\g/_a\ bles (wind, Total
Production of electricity solar, biomass)
: . Gross. . Gross. . Gross. . Gross. . Gross.
in Iran Capacity Prod Capacity Prod Capacity Prod Capacity Prod Capacity Prod
MW) GWhlyr MW) GWhlyr MW) GWhlyr (MW) GWhlyr MW) GWhlyr
In operation tl-ejsnt?r?; ? 39 568 182 000 3037 8 085 11,9 31,65 43714 190 116
Under construction 55 375 10 000 46 000 4746 12 635 59,6 158.54 15 861 —
Funds committed, but not 55 375 - - 7816 20 808 1484 394,74 28019 -
under construction
Total pmzlg‘itgd use by 100 6745 45568 | 209612 | 11296 30072 637,75 1696,41 58 602 -
Table 2 — Specifications of three exploration wells [2]
Well NWS1 NWS3 NWS4
Location (UTM) 739108E 4238580N 737028E 4240784N 738712E 4239833N
Elevation (m a.s.l.) 2632 2277 2 487
Well depth (m) 3197 3177 2 266
Conductor 30(] 27 24 26
= = Surface 200 110 113 105
7] :g_ Anchor 13-3/8(] 380 357 541
0og Production 9-5/8( 1587 1599 1195
Liner 70 3197 3170 2 265
1 800-1 400 1 050-9 00
Well permeable zones (m a.s.l.) 200-0 No permeable zone 880-890
-200- -350
Maximum T (°C) [ 240 148 229
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Conclusions. Regarding to the growing urban population and also to new policies of the government
for replacement of traditional resources as well as the domestic energy consumption, Iran is aimed to utilize
available renewable energy resources in near future to partly compensate the energy demand and also to save
crude oil as fuels for export, because majority of our incomes comes from its export. On the other hand
environmental agreements force all the countries to use clean energy production and to prevent the
environmental pollution by modifying the old technologies for new environmental sound ones. So, there is a
lot of despite to use other suitable resources, for instance the geothermal energy.

Initial stage of investigations, a lack of basic data and also national qualified experts, specialist and
organizations, as well as the lack of high-tech equipment production in Iran didn’t yet allow to wide-scale
production of energy from these resources. Furthermore, Iranian government has shown in last years a strong
interest to attract foreign investments. Regarding to good trade relationship between Iran and Japan there are
many opportunities for Japanese companies to invest in geothermal energy development and transfer the
related technology. Anyway, due to economic, environmental and new policies reasons it seems that energy
production from Iranian geothermal fields in near future is inevitable. So it is hoped that exploration drilling
at Mt. Sabalan over the next months will lead directly to a commitment to develop further the first geothermal
power plant in Iran during forthcoming years (Fig. 3) [4].

Figure 3 — Iran’s first geothermal power plant located near the city of Meshkin Shahr, northwestern Iran [3]
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