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ABSTRACT

Republic of Belarus is located within the westeantf the Precambrian East European Platform.
In geologic respect it represents a junction ofstau blocks of different age and origin. The
crystalline basement within the whole territory tbé country is covered by sediments of variable
thickness. In result of recent investigations ai@st pattern of the terrestrial temperature figlas
revealed within the sedimentary cover of the counitteat flow density distribution in the whole
region varies in the wide range from 20 to 70-80 fmVand it increases up to 100-120 mW/m
within salt domes, widely developed within the RepTrough (PT).

The platform cover within the trough and the PokHaBrest Depression (PBD) is the most warmed
up. Temperature reaches up to 100-115°C withirPfhat the depth of 4-4.5 km and up to 40-42°C
within the PBD. The Orsha Depression is the thedpl sedimentary basin within the considered
area. Temperature at the crystalline basementdmsn't exceed 30-35°C at the depth of 1.5-1.7
km. The Belarusian anteclise (BA) is a vast posistructure with a thickness of sediments up to
500 m with observed lower temp erature values (1020

Estimates of geothermal resources available inpilaform cover of Belarus were based on the
approach used in the Atlas of Geothermal Resourcéurope. Results show that resources of
geothermal energy existing within sediments are/iagrin a wide range from first dozens of
kg.o.e./m2 within the Belarusian anteclise to 30850 kgo.e./rﬁwithin the PBD. The highest
values for the Orsha Depression reach approximal€l§ kg.o.e./mh The so-called Intersalt
sediments, the thickness of the Upper Salt, Devodé&p osits, overlaying the Upper Salt, and the
Jurassic accumulations, comprising the geologissgction within the PT, were considered as
geothermal horizons. Calculations show that thestherof geothermal resources within the Intersalt
Complexrange from 0.1to 1.75t.0.€./M axmal values correspond to the northeasterngfahe
PT. In the southern part of the unit they are loWe25-0.65 t.0.e./A). Within the Jurassic and
Devonian deposits, overlying the Upper Salt, thensdg of geothermal resources usualy
corresponds to a few dozens of kg.o.&/Within the impermeable Upper Salt Complex they ar
much higher and reach in some blocks of the PToup-4 t.0.e./m Their utilization is pcssible by
means of borehole heat exchangers.

There are already 8 small geothermal installationder exploitation in the country. They use heat
pumps with the total installed heat capacity ofmleround 1.5 MWt. Works were undertaken to
construct the first in Belarus geothermal statmnthe greenhouse complex“Berestye” in the Brest



town. Here the Republican Unitary Enterprise “Belggiya” recently finished to drill and test a
borehole to recover warm water. Its bottomhold iha depth of 1.5 km.

Dozens of deep holes, drilled in the process gfmkp ecting works outside oil fields, are avagabl
within the PT. L is possible to use them as adbasicreate geothermal installations for heating of
dwelling, as well as to satisfy demands of agrigal and industrial users. Termestrial heat is a
perspective renewable and ecologically clean regoum Belarus. Its utilization represents an
important national goal for the economics of thardoy.

1 GEOLOGICAL BACKGROUND

Republic of Belarus is located within the westeentf the Precambrian East European Platform.
In geologic respect it represents a junction ofstalublocks of different age and origin. The
crystalline basement within the whole territory tbé country is covered by sediments of variable
thickness, Fig.1.
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Figure 1. Main geologic units located within thertery of Belarus.

Legend: DDD — Dnieper-Donets Depression; KG — KinGraben; BLS — Bragin-Loev Saddle;
NPA — North Pripyat Arch; BBI — Bobruik Buried ledj ZhS — Zhlobin Saddle; ChSB — Cherven
Structural Bay; VM, MM — Vitebsk and Mogilev muldespectively.
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The Pripyat Trough is the deepest sedimentary a®elarus. Its crystalline basement represents a
system of blocks, limited by deep faults with varyihickness of the overlying platform cover.
Tectonic movements along faults produced develmadidtectonics, (Geology..., 2001). The trough
is limited by the North-Pripyat, South-Pripyat suppegional faults, the Bragin-Loev and
Mikashevichi-Zhitkovichi salients. A thin sedimentwerly the latter one. Its thickness usually
ranges here from 200 to 400 m. The thickest copdioub-5.5 km corresponds to the nothern and
southern zones of the trough.

The Pripyat Trough has a complex geological stmectwith two salt bodies wthin its platform
cover. Brines, filling the pores and cracks in averlying the crystaline basement have the
dissolved chemicals content up to 400-420 g.prénfg per litre). The intersalt deposits separate th
Upper Salt and Lower Salt complexes within the ghod he depth to its surface is on average 2.0 —
3.0 km. High salinity brines were observed withistcomplex. The content of dissolved chemicals
reaches on average up to 200-300 g.p .., whichvied than in the subsalt sediments, which gives
better conditions to exploit it for the geotherraakergy use. A thickness of the permeable intersalt
deposits ranges from 100 meters in the westemgab éite area up to 1000 meter observed in a few
wells.

The main tectonic activity, which formed the Pripfaough, took place during the Devonian time.
It was accompanied by the Devonian volcanism wiiténnorth-eastern part and explosion pipes,

discovered recently, were formed within the Zhlol$addle, separated from the trough by the
North-Pripyat Arm, see Fig.1. The Pripyat Trougs lig continuation through the Bragin-Loev

Saddle into the Dnieper-Donets Depression locatédhirwthe territory of the Ukraine. The
Ukrainian Shield, Poleskaya Saddle and the BobrBisked Salient adjoin it in southern, western
and north-westem directions, respectively, Ted®(979).

2. TEM PERATUREDISTRIBUTION MAPS

2.1. Temperature distribution at the depth of 100 m

In result of recent investigations a contrast pati@ the temestrial temperature field was reweale
within the sedimentary cover of the country. But thck of temperature-depth profiles for deep

boreholes didn’t allow preparing the detailed tenapige distribution maps for horizons deeper than
400-500 meters for the whole territoty of the copun o be able to describe the main terrestrial
temperature field features for al geologc stroesuof Belarus, we compiled the map of temperature

distribution for the depth of 100 meters using thest of available data, Fig. 2. Around 320
temp erature-depth profies accumulated during Hsé B0- 40 years for the whole territory of the

country both for shallow (50-250 meters) and d eeqelioles were used to construct this map. Only
around 10 diagrams of the standard logging wemrded by driling companies, were added after
the careful selection of them for those borehaldsere enough time elapsed after the driling was

finished before temperature measurements. In atbeds, the temperature equilibrium between the
wellbore fluid and the surrounding massifs of roekshe moment of measurements was reached.

Temperature isolines were drawn by means of ampiotation within the territory of Belarus.
Outside its borders they were extrapolated and dwifiguration is very preliminary one, as no
reliable temperature-depth diagams were availfsléhe territory of Poland and the Ukraine. We
had only a few diagrams for territories of Lithugniatvia and Russia adjoining the border of
Belarus. The interval 0.5C was used to draw isolines, which is acceptakelepkng in mind that the



calibrated thermistor thermometer, used for boreheimperature measurements, had the error of
absolute temperature readings arottd3°C.
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Fig.2. Temperature distribution map at the depth@® m within Belarus.

Legend: 1, 2 — Superregional and regional faultthiwithe crystalline basement, 3 — Isotherms, °C,
4 — Studied boreholes, 5— Towns and settlementsnalies of increased temperature: | — Grodno,
Il — Molodechno-Naroch, Ill —West Orsha, IV — Ohegichi-Rechitsa, V — Pripyat, VI — Western
slope of the Voronezh Anteclise, VII — PodlaskasBnIl — Mosty, | X — Lyakhovichi-Elnya, X —
Turov, Xl — Wstupovichi-Elsk, XII — Kobrin-Pruzlyam.ow temperature anomalies: A — East-
Orsha, B — Eastern part of the Belarusian Ante¢liSe- Cherven Structural Bay, D — Central part
of the Belarusian Anteclise, E — Central Belarudidassif. Red heavy lines indicate margins of

positive structures: Belarusian Anteclise, Polestaudle and the Voronezh Anteclise (outined by
—500 m isoline). The blue line traces margins ef@rsha Depression (outined by —700 m isoline).



The depth of 100 m wholly belongs to the fresh watene (a zone of active water exchange). An
influence of the filtration reflects in the shapétbermograms. In other words, a convective
component of heat transfer is pronounced here.

The temperature at the depth of 100 mvaries irahge 7 —11.5 °C. The difference between them
is 4.5 °C. Temperature values above 8 °C are tyfoicthe northern zone of the Pripyat Trough and
the Podlaska-Brest Depression. The isotherm of ®a®Cthe continuation beyond the North Pripyat
marginal fault and is traces into the North Pripgath, Zhlobin Saddle and the western slope of the
Voronezh Antedise. We have a lack of reliable tiegrams in the northern part of the Pripyat
Trough at the considered depth of 100 m. It refl@ctsmooth course of isotherms. The temperature
field within the whole territory of the country hascontrast pattern at the studied depth. Regional
and localanomalies are clearly distinguished. A pithem was revealed recently.

Inthe eastern part of the Orsha Depression wilimangle of Orsha — Smolensk — Cherikov towns
exists theEast Orsha anomalgf low temperature values 6.5 — 7.5 €. It inckidémost the whole
area of the Mogiev Mulde. Its shape within adjoigpiarea of Russia is very preliminary because of
alack of reliable thermograms.

A strip of increased temperature of meridian o@doh crosses the whole territory of the Orsha
Depression. ThidNest Orsha anomalwas traced in the western part of it and partlyhini the

eastern slope of the Belarusian Antedise alonglittes joining towns: Rechitsa — Svetlogorsk —
Klichev — Belynichi — Berezino — Borisov — Lepel &hniki — Ezerishche — Nevel. Its notth

continuation in the vidnity of Ezerishche and Neteas very preliminary shape as only one
termogram was available in the adjoining area o$dfu The temperature within tNéest Orsha
anomalyranges from 10.0 to 11.5 °C within the northerm & the Prpyat Trough. The local

Belynichi-Chechevichi-Rechitsa anomaly of increassdperature above 8.5 °C was jbserved in its
southern part. The isoline of 8 °C along the eass@pe of the Belarusian Anteclise separates it

from the Cherven Structural Bay of the Orsha D epoes

The Chashniki-Polotsk anomatyf low temperature values exsts in the north-@aspart of
the country. Its western part at the latitude dbBk town is joined with the anomaly of the easter
slope of the Belarusian Anteclise and the Cherteac@iral Bay of the Orsha Depression.

The isotherm of 9.5 °C along the eastern part efRfbdlaska-Brest Depression is traced along the
Belarus-Ukraine border through the Polesian Sadédéches the longitude of Stolin town and
continues into the territory of Ukraine. The isotheof 9.0 °C of this anomaly as well through the

Polesian Saddle has its continuation within theyr Trough. Then it is continued into the
Belynichi-rechitsa anomaly and is traced to the tems slope of the Voronezh Anteclise and

continues into Russia (Zui, 2004a; Zui, 2005).

The Grodno anomalgfincreased temperature above 9 °C is stretechélaei meridian direction and

has its continuation into the territory of LithuanA lack of reliable data there doesn’t allow tace
its northern part.

The Molodechno-Naroch anomaly elevated temperature above 8 °C of meridiaenbation in its
northern part reaches the junction area of therBg/d.ithuania and Latvia borders. It subdivides
the anomaly of low temperature of the Belarusiate@ise into twoparts. They are thaomaly of
the eastern slope of the anteclised theanomaly of its central part (the Central-Belarusian
Anomaly) The local Kobrin-Pruzhany as wel as the M ostg agakhovichi-Elnya anomalies of
elevated temperature, exceeding9 °C have alsméhdian orientation.



2.2. Temperature distribution at the depth of 400 m

A number of exrapolations of temperature-depthfile were used to compile this temperature
map. As a not drilled part of the geologc sectias a priory unknown. The same concerns thermal
properties of rocks comprising those inervalsiedult, we used the linear downward extrapolation
of thermograms. Only 214 temperature-depth diagraee used to prepare the considered map.
Almost 50% of them were extrapolated ones. Arouddéiable curves of standard loggng were

used as well. They were recorded in boreholes miradg areas of Russia, Lithuania and the north-
eastern Belarus.
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Fig.3. Temperature distribution map atthe deptd@ m of Belarus (compiled by V. Zui). See
Legend in Fig. 2.



The temperature field contrast continues to grothwepth relatively to those, shown in Fig. 2. But
the mail features described for the temperature foapghe depth of 100 m remain similar. The
results are shown in the Fig. 3. The temperatumgesahere from 8.5to 19°C.

The East - Orshaanomaly of low temperature belbWClis clearly distinguished to the east of the
line, crossing the following towns: Roslavl — Beiym — Vitebsk — Velizh. It occupies a smaller
area, which is also the result of reduced numb eel@ble thermograms used to compile this map.

Temperature values in the southern part of the tepuexceeding 12°C are typical for the Pripyat
Trough, Zhlobin Saddle, as well as the westernesiofpthe Voronezh Anteclise. The West-Orsha
anomaly with the temperature range of 11 — 19°@ased from Rechitsa in the south to Nevel
towns in the north. The higher values are typical the northem zone of the Pripyat Trough

oriented along the Northern Fault. It is possilderéveal besides this anomaly another one within
the trough. It has the SSW — NNE direction along ferga deep fault within the crystalline

basement, which crosses the Pripyat Trough. It® mes crosses the towns: Mozyr — Rechitsa —
Svetilovichi — Mstislavl.

The Belynichi — Rechitsa anomaly has the same iposihut its shape is very preliminary as within
the triangle of Klichev — Belynichi — Borisov towrsgudied boreholes were absent. It has the
continuation through the Zhlobin Saddle and jointhwhe positive anomaly of the western slope of
the Voronezh Anteclise. At the map the low tempaeianomaly limited by the isotherm of 11 <C
of the Cherven Structural Bay, the Osipovichi Upil§ distinguished. A small low temperature
anomaly near a junction of the Belarus — Lithuanihatvia borders was traced very preliminary
because of a lack of reliable thermograms withia &nea.

A positive temperature anomaly exists in the eagtart of the Podlaska-Brest Depression. It has a
continuation into Poland. The Grodno anomaly iseolrsd at the depth of 400 m as well, but its
limits are shown without details because of a latkkhermograms available. In general, it is
necessary to note when the depth increases morm@relsmall details disap pear within the whole
studied territory mainly because a lack of reliatid¢a.

The Molodechno — Naroch anomaly of increased teatprer (12 — 14°C) remains the same shape. At
the same time the Lyakhovichi — Elnya anomaly inlisished in the temp erature map for the depth of
100 m, “disappears” at the depth of 400 m as thdalle thermograms of shallow boreholes within its

limits couldn’t be extrapolated to the depth of 4080Isolines of 12 and 13°C join the Grodno anomaly

together with the anomaly of increased temp eragxiging within the Polaska — Brest Depression.

Heat flow density distribution in the whole regiearies in the wide range from 20 to 70-80 mW/m
and it increases even up to 100-120 mtithin satt domes, widely developed within thepjet
Trough.

2.3. Temperature distribution at the depth of 2 km

It is possible to compile terrestrial temperaturaps for depths deeper than 700 — 1,000 m in

Belarus only for the Pripyat Trough territory whigpresents the best studied area in geothermal
respect among other sedimentary basins of Bel#sig. was indicated above, when the considered

depth increases within this unit, small detailsapigear, because the number of available

thermograms also decreases. For instance, foreghthabf 4 km the number of reliable thermograms

doesn’t exceed 20.



The temperature field patern for the depth of 2ikmehown in Fig. 4. It has a distinct contrasttha
northern zone of the trough the temperature isvierage two times higher than in its souhern and
western colderparts. Tothe left of the isothef@55C exists awide zone of reduced temp eratuny. O

a few thermograms were available here and theyt ditlow distinguishing small details within this
area. The highesttemperature exceeds 60 — 70h@wwhte northern and north-eastern local zoneseof t
trough. The mail oil fields were encountered nametihin this warm area.

20 30 35 40 45 50 55 60 70

Fig.4. Temperature distribution map atthe depti2 &m within the Pripyat Trough (compiled by V.
Zui).

The central part of the anomaly existing in thehem zone of the trough is limited by the isotherm
of 50 °C. This zone of increased temperature isettan the westem direction till Luban town and
continues in the south-east into the Gremyachy é8ubalient, Russia and the Dnieper-Donets
Depression, the main part of itis located in tHedihe. In northern direction it was traced inte th
North Pripyat Shoulder. Local anomalies within ek Graben and the Vystupovichi Step are
shown by the isotherm of 40 °C. They are basedhoeetthermogams of deep boreholes drilled
within the Karpovichi and Zhelon structures, lodate the southern part of the trough. The
back ground temperature values here range from 38 .



The platform cover within the trough and the Pdddas Brest Depression is the most warmed up
among other tectonic units. Temperature reachesou0 — 42 °C within the Podlaska — Brest

Depression and up to 100-115 °C within the PT withiervomaisk, Barsuki and some other local

structures. Maximal recorded temperature, for inséarecorded in the hole Basuki— 63 was 115 °C
at the depth of 4 km.

3. HEAT FLOW DENS TY

Heat flow density distribution within Belarus isafn in Fig. 5. Around 500 heat flow data
determined for individual boreholes were used toygite this map (Zui, Zhuk, 2006).
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Fig.5. Heat flow density map of Belarus (compikgdwb Zui). See Legend in Fig. 2.



All available heat flow density data were used tongile this map (Zui et a., 1993; Urban,
Belyashov, 2003; Zhuk et al., 2004; Zui, 2005; aed its determinations), as well as published
data for adjoining areas of Poland, Lithuania, laatVRussia and Ukraine. Its distribution is
sufficiently differentiated. At the backgound of low values (30 — 40 mWﬁmpositive anomalies
are distinguished within the Podlaska-Brest Depoas&0 — 55 mW/rﬁ and the Pripyat Trough
where it exceeds 60 mW/m2 within its northern zdteat flow density of 40 — 50 mW/inwas
observed not only within these tectonic units, biso as loca anomalies of the Belarusian
Anteclise, Orsha Depression, Nort Pripyat Shouldétobin Saddle, and the western slope of the
Voronezh Antedise. The Pripyat Trough represengshtest studied geologc unit within the whole

territory of Belarus. More details of heat flowtdisution within its limits is shown in Fig 6 (Zku
et al.,, 2004).
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Fig. 6. Heat flow density map for the Pripyat Trou§ee Legend in Fig. 2.

Besides the main orientation of heat flow densiyines along the North Pripyat Faul, it is clearl
distinguished their another direction with neat hMalues 50 — 60 mW/Mtraced along the line joining
Elsk — Mozyr — Rechitsa— Svetlogorsk towns. dirhogonal tothe man stretching of the anomakhén
north zone. It folows the Perga crustal fault, gigating into the upper mantle. Heat flow densitthiv

the Pripyat Trough varies in a wide range from #éss 40 mW/m2 in its western partto morethan 100



mW/m2 within nuclei of sat domes. ([Tsybulya, Leklikevich, 1990; Zui et al., 1991; Zhuk et al., 2004
Interval heat flow values are dependent on theéhddtis fact evidences on the influence of manjofac
thermal conductvity varation for rocks comprisitige platfoom cover, groundwater and other fluids
filtration, varying tectonic conditions and othéghuk et al., 2004). A considerable influence oa th
considered heat flow hasthe salttectogenesisciedip within near-the-fault zone of the Rechis¥isha
Swell. Salt domes are good studied withinthe Rtgyough both by driling and by geophysical meho
Within the most of them were fuffilled geothermakamurements and heat flov determinations. In the
vicinity of the Vasilevichi settlement a heat flovas calculated for shallow depth intervals (abbeedalt
deposits). The influence of nearthe-surface facisrnoticeable here It resuted in lower heatv flo
comparably to adjpiningareas ofthe Pripyat Trough

Heat flow density values below 30 mW/m2 form a chaf small anomalies, partly located along
the Volyn — Orsha — Krestsy Paleodepression (Rattatics..., 1983), havingsaa rule, the
longitudinal orientation. One of them, occupying trgest area, is traced from the northern part of
the Polesian Saddle and the Mikashevichi — ZhioviSalient to the northern part of the
Belarusian Anteclise in the direction of GantsevielNesvizh towns. At the latitude of Minsk a
strip is separated into the Cherven Structural 8ag the Ospovichi Uplift. Low heat flow is typical
for the Bobovnya Salient of the Belarusian Antezlis

The isoline of 40 mW/m2 joins the Grodno and thel&ka Brest anomalies with heat flow
values in their central, parts exceeding 50 mY%V/im has the continuation in its northern part into

the territory of Lithuania and probably joins wite high heat flow anomaly in western Lithuania.
But a lack of thermograms doesn't allow tracingitre reliable. A heat flow density pattern within

the adjoining area of Poland was also studied mnlyfew locations.

4. GEOTHERMAL RESOURCES
4.1. Resourcesof the Pripyat Trough

The density of geothermal energy resources werdietumostly within some horizons of the
Pripyat Trough and the eastern part of the PodlasBrest Depression. We used the approach
described in (Atlas..., 2002) to calculate themcdrerable resources, accumulated within the
Intersalt Complex, deposits of the Upper Salt, Do sediments, overlying the Upper Salt

Complex and the Jurassic rocks of the Pripyat tnougre determined. The map of the density of
geothermal resources, within the Intersalt Comgplegws that low values 0.2-0.4 tons of ail

equivalent (t.o.e.) per square meter are typigalie westem part of the area, Fig. 7. Thoughether
is a small area, corresponding so-called Turov Bspion, where this value increases to 0.5
t.0.e./nf. The isoline of 0.5 t.0.e./Mhas the general longitudinal orientation and ssearthe whole
considered area into the western and eastern phatémal density of geothermal resources up to 1-
1.25 t.o.e./rh and higher corresponds to the northern and naheen parts of the Pripyat Trough.
It is stretched sub-paralel to the North Pripy aifginal Fault. It is the most promising area fag th
geothermal energy utilization within the trough.

The results show that the Intersalt Complex of Bhgyat Trough represents the interest for
recovery of its geothermal resources esp ecialth@northem and partially in central zones. Dozens
of abandoned deep wells, driled originally for pilospecting and plugged later, represent the
interest for geothermal energy extraction. Theyldde opened, repaired and put into operation to
exract warm and hot geothermal liquids. The feanfrthe Pripyat trough is rather high salinity of

brines. It reaches in some localities up to 30®M8 ¢p.l. of dissolved chemicals which requires to
pump the used geothermal brines after heat pumpstlire same underground horizon. They also



can be used as borehole heat exchangers to regevdrermal energy. Their use allows to reduce
sufficiently expenses to construct geothermal systand will increase the economic feasibility of
such projects.

The Upper Salt Complex is spread practically witttfie whole area of the Pripyat Trough. The
depth to its roof suffidently varies even at smialeral distances from first hundreds of metres
(mainly within the western part of the paleori) more than 2 km in some local parts of the trough.
The salt tectonics is created the most differeadiabof relief within the central part of the rifuch
wide range of the depth variation to the salt resfulted in the temperature distribution and, final

in the density of geothermal resources. We usedth@8nograms to calculate these resources. As
before, the most of they are concentrated witheribrthern oil-bearing area and partly in its cantr
zone. Only thermograms of single holes were avieilabthe western, south-western part of it, as
well as along the Bragin — Loev Saddle.
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Fig. 7. Density of geothermal resources of thersdlt Complex within the Pripyat Trough. Isolines
are in t.o.e./m (Zui, 2004b; Zui, Mikulchik, 2005; ). Dots shdwetposition of studied boreholes.

The temperature at the roof of the Upper Famensedinranges from 18 — 20 to 40 — 45 °C. Its
lower values correspond to the westem part oftiinggh. Resources distribution within the Upper

Salt Complex of the Pripyat Trough are rather ddfiéiated, Fig. 8. The main feature of the map is
much higher density of geothermal resources withia Upper salt Complex relatively to the

underlying Intersalt deposits, considered abovewels as in the overlying Devonian terrigenous



rocks. It results first of all both from a highedwmetric heat capacity of the rock salt and tighdri
thickness of this complex
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Fig. 8. Density of geothermal resources of the Ugat Complex within the Pripyat Trough.
Isolines are in t.o.e./ﬁQuMikuIchik, 2005; ). Dots show the position tfdied boreholes.
Legend: 1 — Towns; 2 — Studied boreholes; 3 —nssliof geothermal resources density, t.o%edm
— Faults.

The density of geothermal resources varies in @wad ge from less tan 0.5 to more than 4t.0%e./m
depending on the thickness of the complex andetgperature. The northern zone of the Pripyt
Trough has higher density of resources relativelyit$ other parts. The isoline of 3 t.0.€/im
limiting here a wide area stretched along the Ndftarginal Fault. Prevailing values 1.25 — 2
t.o.e/mf correspond to the central and southern zoneseofrblugh. Within the Turov depression the
density of geothermal resources doesn’t exceed.b +.0.e/rh The same concerns the western part
of the Pripyat Trough.

4.2. Resources of the Podlaska-Brest Depress on

Similar investigations are undertaken now to estenthe density of geothermal resources for the
eastern part of the Podlaska — Brest Depressi@tcised intothe termritory of Belarus ().



The elongated Podlaska-Brest Depression is stngéhom the longitude of Drogichin town in
Belarus to the edge of the East European Platfonitiig by the Teisseyre — Torngvist Zone
crossing the territory of Poland in the SSE-NNWediron. We consider only the Belarusian part
of this strudure. Geothermal resources were studox the Cambrian and Proterozoic
geothermal complexes. The former one contains gt fresh water and a pore volume within
the latter one is filled in by water with the dibs&al chemicals content up to 2-0 — 30 g.p.l. We
consider only the most promising Cambrian Compleseh The summary of our preliminary
estimates of the density of geothermal resourcdsimBelarus is shown in Fig. 9 (Zui, 2007).
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To the north of the line crossing Kaments — KamdmyUPruzhany — Kosovo towns and settlements
the isolines were drawn by an extrapolation asistliooreholes absent there. The resources vary in
awide range from 0 to more than 350 kg.o.&./ine zero isoline represents the margin, to the ea
and north of which Cambrian deposits absent

Maximal values of the geothermal rsources densitgbserved to the north-west of Brest within the
area adjoining the Belarus — Poland border. Inipdar, the Pribugskaya Structure well studied in
geothermal respect belongs to this area. In thectlim to outer borders of the depression was
observed deceasing of the geothermal resourcestydelhgesults from both the shallower position
of the roof of Cambrian deposits and a reductiothefr thickness. Within the area around Brest
town the density varies from 250 to 300 kg.o.é/hm general this parameter is mostly subjected to
the depth of the productive horizon and its thidsad he former factor influences the temperature
at their roof, which on average is proportionahis depth.

In southern part of the considered regon nearlileow — Ratno Fault we observe rather rapid
reduction of the resources density of the Cambgaothermal horizon to values below 50
kg.o.e./rﬁ. For instance, in boreholes of the Berestye Sanatahese deposits absent at all and in
the Domachevo 1 hole their thickness is only 78 he density of geothermal resources drops to 31
— 50 kg.o.e./MIn the vicinity of Kobrin town these parameters @36 m and 46 kgo.e7m

respectively. Within the triangle of Kamenets — Bmiwlya — Shereshevo settlements studied
boreholes absent. Respectively, the position dihie®was extrapolated.
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Fig. 10: Simplified chart of the density distrilmri of geothermal resources within the territory of
Belarus in t.0.e/f



The Orsha Depression is the third deep sedimentasin within the considered area. The
temperature at the crystalline basement here daexréed 30-35 °C at the depth of 1.5-1.7 km. The
Belarusian Antedlise is a vast positive structuithva thickness of sediments rangng from 100 to
500 m. Low temperature values (8 — 20 °C) werergksgehere. Only very preliminary information
is available now on the density of geothermal reses within the Orsha Depression. The same
concerns the Byelorussian Anteclise adjoining segldhd inliers.

A chart of the estimated density of geothermal ueses is shown in Fig 10. Results show that
geothermal resources, existing within the platfmwoaer of the country, are varying in a wide range
from first dozens of kg.o.e./?rwvithin the Belarusian Anteclise and its saddlespp roximately 100
kg.o.e./rﬁ for the Orsha Depression. They are higher (3060—@0.&/1‘6 within the Podlaska —
Brest Depression. The density of geothermal regsuas high as 3 - 4 t.o.é/m)rrespond to the
Upper Sat Complex of the Pripyat Trough.

Dozens of deep unused holes were driled in thegss of oil prospecting works outside oil fields
within the Pripyat Trough, which were later plugged abandoned. It is possible to use them as a
basis to create geothermal installations for hgabihdweling, as well as to satisfy demands of
agicultural and industrial users.

There are 8 smal geothermal installations whighahkready under exploitation in the country. They
use heat pumps with the total instaled heat cgpamound 1.5 MWt. At present works are
undertaken to construct the first in Belarus gewtia station for the greenhouse complex
“Berestye” in the Brest town. The Republican Unjit&nterprise “Belgeologiya” recently finished
driling a deep borehole to recover warm water.tésts showed the flow rate of 42/mand the
temperature at the drill hole mouth is around 24-=C.

CONCLUSIONS

Both the temperature and heat flow field parameterg in a wide range within the whole territory
of Belarus. In result, both these fields represantsufficient both the lateral and vertical

changeability. These variations are especially puoted within areas of differentiated salt
tectonics, like salt swells and domes which exighwv the Pripyat Trough.

Terrestrial heat is a persgpective renewable ankbgcally cdean resource of energy in the countly.
Its utilization represents an important nationadlgimr the economics of Belarus. Low-enthalpy

geothermal energy could be used practically witlhie whole territory of the republic. But the
density of geothermal resources varies in a wid@gdrom 0.01 to 4 — 5 t.o0.efmLow values are

typical for the main part of the Belarusian Anteeliand adjoining Latvian, Polesian and Zhlohin
Saddles. These values are slightly higher for pralt the whole territory of the Orsha Depression
(0.05-01 t.o.e/ﬁ). All these structures, except the Podlaska —tBpepression and the Pripyat

Trough, are still sporadically studied in the senftheir geothermal potential. This work could be
done in the nearest years.

The so-called Intersalt sediments, the thicknesheUpper Salt, Devonian deposits, overlying the
Upper Salt, and the Jurassic accumulations, coingribe geologic crossection within the Pripyat

Trough, were considered as geothermal horizonscu@ions showed that the density of
geothermal resources within the Intersalt Comp#xge on average from 0.1 to 1.75 t.0.e./m



Maximal values correspond to the north-eastern gfaettie trough. In the southern part of this unit
they dropto 0.25— 0.65t.0.€%m

Within the Jurassic and the Devonian deposits, ey the Upper Salt, the density of geothermal
resources usually corresponds to a few dozens.ofeldyﬁ. Within the impermeable Ufper Salt
Complexthey are much higher and reach in somes®lof the trough up to 2 — 4 t.0.€.InT heir
utilization is possible by means of borehole heahan gers.

The first order most promising geologic units withhe territory of Belarus for practical utilizatiof
geothermal energy are the Pripyat Trough and th#iaBka-Brest Depression. The geothermal
conditions of the trough are similar to those ie thestern part of Lithuania, where the pilot
Klaipeda Geothermal Plant is used during a few s.eBhe northem and north-eastern parts of the
trough, as well as the Podlaska-Brest Depressjpresent the paramount interest to construct there
a pilot geothermal plant, which would be usefulstonulate the practical utilization of geothermal
resources in the country, though the rest areheotbuntry has the density of geothermal resources,
acceptable for practical utilization using bothtie and horizontal heat exchangers coupled with
heat punps.

Many boreholes were drilled within the Pripyat Tgbuoutside oil fields in the course of oil
prospecting works. Dozens of them could be repairati used to exploit the geothermal resources.
Their reanimation will increase the economic fedijbof such projects.
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