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ABSTRACT 
In given paper the present day state of geotkmal 
power engine- of Daghestan and prospects of its 
further development are considered. Grounds of 
unsatisfactory use of geothermal recourses in 
national economy are a n a l p d .  
To improve the profitability of geothermal 
production, number of prospective technologies ere 
suggested, that kind as the heat-pumping systems 
of heat supply with attraction of low-potential 
thermal waters, combined-separate extraction of 
fiesh low-potential and salt middle-potential waters 
fiom the same well and combined production of 
electrical energy and heat with inclusion of heat 
pump cycle m hcontour system. 
Republic of Daghestan is the most prospective 
refpon of Russia for geothermal power 
development. Resources for geothermal power 
ergneering are rather great. In sedunentary section 
of Daghestan foothills and plain three structural 
hydrogeothermal stages are dstmgukhed 
represented by series of tluck rwonal aquifers, 
where enormous resources of low-potential (30-60 

(> 120 OC) thermal waters were explored. 
On the basis of thermal water utilization low- 
potentd geothermal power engineering, the health 
resorts and balneology orgaruzations are developed 
and there are real mine and geological prerequisites 
for tugh-potential geothermal power engmeering and 
rare metal chemical industry development. 
Dunng many years the geothermal water fields 
Makhachkak Kislar, lsberbash are exploited. 
Production of these fields is used for heating and hot 
water supply of municipal., admirustrative, rural and 
industrial installations. Annual realization of 
thermal water is more than 7 mln m3/year, that is 
equal to substitution about 50 thous. tn. of standard 
fuel. 
Exploitation of the fields is carried out at a low level. 
Uthat ion rate of recoverable reserves in quantity 
and heat are equal respectively to 0,34 and 0,18 [I]. 
Daghestan is the regon of fugh thermal stress, 
where the local thermoahnormal zones with thermal 
grad~ent, exceedmg 0,011 OC/m, are wide spread. In 
separate fields the temperature 200 OC and more is 
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OC), middle-potential(60- 120 OC) and htgh-potentlal 

registered at depth about 5ooOm on bottombess 
Forecast reserves of thermal water, con- m 
water-beanng senes, at depth up to 550Om are 
more than 2,5 mEn m3/day [2] 
"he low level of fields exploitahon and enorwus 
dispropotion between agdtcant reserves of 
geothermal power and inhtesmal its usmg part IS 
due to some specific factors, charactertang @us 
power and also technology of its extracbon *d 
utiltzahon 
That kind of factors are the hq$ cost of well dnll/ng 
and technologies, appreciated m thermal w$er 
producQon, low transportability of geothertbal 
enw, comparatmely low concentrahon of 
geothermal power m f m a b o n  and thermal wa er, 
necessity of mjecbon  of waste water, e. 
applicat~on of underground clrculatrng sys s 
(USC) and large expenses to ther preparad i n, 
xnpp4bhty of thermal energy accmuiabon fgi a 
long penod, corroslon aggresslve properhes o 
thernd waters at large depth and so on 
Becase of anumerated negatwe factors the 
and technologcal problems have spngged 
mam from wfuch are reducbon of 
mvestments m well dnlhg wth multan 
reducbon of p o d s  of penetrabon and b 
lnto s m c e ,  desgn of wells construcbon, p 
to mcrease then flow rate and mtake rate andlto 
reduce heat losses along brothel, developmen! lof 
technology of UCS meatton, elaborabon of effec ve 
methods of corrosion and salt sedmenta n 
prevenbon, elaborabon of profitable bi-con UT 
systems of geothermal energy supply on the bas+ of 
cheap corrosion remtant heatexchangers, wor g 
out and serial producbon of module equpmentl or 
geothermal power stabons, selemon of rattd ! 
technologies of deep heat consumpbon, dscoven/ng 
of energy capable econormcdy justdied consumkrs 
and so on 
Solubon of these problems is connected wfth 
mvolvlng of enormous f i n a n d  productwe ahd 
menttflc-techrucal resources and c o o r h b o n  of 
power of many Ivlmstnes and Departments u1 a 
scale of the whole Russm At the same tune Republlc 
of Daghestan may become a provxng ground for 
solution number of problems, that land as 
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development the technology of UCS, building of 
two-contour geothermal power stations, creation of 
combined geothermal-pumping statim and so on. 
Low thermal liesh waters of Pliocene 
hydrogeothermal stage have qloi tated extremely 
unsatisfactorily. On No~them Daghestan plain 
quanttty of artesian wells, drilled to this waters, 
exceeds 1500. About 10% of water is appreciated 
with profit, the remain part of water does large 
damage to adjoined lands, salting and makmg them 
boggy. To prevent the leakage it is necessary vrells to 
transfer to cock-diaphragm production conditions. 
?he very effective direction of fiesh low-potential 
water using m national economy is mculcation of 
technologies with application of heat pumps. The 
most wide the heat pumping plants (HPP) may be 
used in heat supply, one of energy capacious 
consumers now. 
The most effective region of inculcation of heat 
pumpmg systems of heat supply is heat supply of 
the great number of small and middle decentralized 
consumers, springing up in last years in connection 
to transition to market economy, and heat supply of 
rural consumers. 
The further transition to market relations will lead to 
reduction of role of the state in systematic formrng of 
towns and populated areas, mdividual builhg wiU 
be increase in them, the process of population 
outflow fiom towns to ecologcally pure small 
populated areas will b e p ,  that wiu lead to gradid 
reduction of thermal loa- concentration extent 
their density, that m their hun will aid development 
of heat pumping systems of heat supply (HSH). 
HSH are prospective for heat supply of energy 
biological complexes (EBC). Building of EBC with 
heat utilizatmg units, such as hot-houses, fish- 
production unit of open thermal heatmg of ground 
will rise the profitableness of geothermal production 
by involving of s m c a n t  volumes of low-potential 
thermal water, wdl create d t i o n a l  workmg places, 
will improve h t r u c t u r e  and population leaving 
standard. 
Present time in Russia there isn’t mass production of 
heat pumps, although sgm.ficant experience is 
accumulated of schematic solutions of HSH. The 
most effective HSH are those, which simultaneously 
solve the problems of heatmg, hot water supply and 
municipal water supply, that is especially important 
in such a waterless region as Northem Daghestan 
plam, where the problem of fiesh hgh quality water 
for water supply of populaimg areas and objects of 
national economy is sharp. 
The combined solar-wind-thermal and heat pumping 

plants are of considerable mterest m that regions, 
where there are the favorable cond~tions. Solar and 
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wmd plants may be used for drive of compressors of 
heat pumps. Mass productions of heat pumps may 
5e orgamzed on plants of the Republic, whch are 
shut down. 
Daghestan may become the demonstrabon zone of 
wide inculcation of HPP and transfer on ttus basis 
the Republic economy to energy s a w  
development way. 
The basic h c t i o n  of middlepotential thermal water - 
heat supply of Werent purpose objects. Furtha 
d-velopment of mddlepotential geothmal pow? 
engineering is connected with development of new 
technologes of extractton and uthabon of that Mdl 
of waters. 
Technology of simultaneously - separate obtaininb 
of fresh low-thermal and mineral thermal waters by 
wells-heat exchangers is developed, which IS gven tm 
Fig. 1. 
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Fig 1. Method of simultaneously-sepmte extractid 
of fiesh low thermal and salt thermal water. 
1,2- lower and upper &as; 3- producing weU, Q 
producing and injection wells; 5- injection well; 6,7- 
injection pumps; 8- thermoisolated tankt 
accumulator; 9- heat user. 

Construction of geothermal circulabng systeIhl 
consistug of 2 wells-heat exchangers will permit b 
transfer heat of thermal water, hfhg fiom lower 
aqufkr to fie& low thermal water of upper honzon 
the most completely. In such a technological scheme 
thermal water of lower honzon circulates by closed 
contour “stratum - productive well - surface pipehq 
-pump - injection well - stratum” Fresh low thermal 

producing and injection wells. For all this, part 7 Q 

water fiom upper aqufer lifts through annulus bo 

well liom bottom of upper stratum.to wellhead in 
producing well serves by double-pipe heat 
exchanges, but m injection well - countercurrent heat 
exchanger. 



Existing of favorable hydrogeological condhons all  
over the temtory of tlat Daghestan at simultaneous 
avadabihty of problems of fresh water and utdmtion 
of deep heat of the Earth permit to develop that kind 
of production technology. Transfer of heat fiom, as a 
rule, hgh salt aggressive thermal water to fiesh 
“cool” water is an important factor., lea- to 
positive change of conditions and character of 
thermal water u t ih t ion as result of combined 
production of thermal and f i s h  water Discussmg 
possibility of transfer of thermal energy to fiesh 
water dnect in a well save fiom necessity of bddmg 
of heat exchangers on surface, to increase effectivity 
of heat transfer because of significant extent of 
combined part of well reduces losses and probabhty 
of contact with oxygen medium and so on. 
One of a htgh effe’ctive form of using of combined 
wells production is heat supply of agricultural and 
industrial complexes, where forms and scales of 
geothermal heat u t ib t ion occur unlimited. Buildmg 
of winterizated stock breedmg complexes, heat 
supply and hot water supply of houses and factories 
with account for the great number. of labour 
recources, may be carried out on the basis of wells. 
simultaneously obtaining fiesh low thermal and salt 
thermal waters 
Using that land of technology is very prospective in 
oil production when developmg the fields with hgh 
viscous and wox-be- crude o h .  Development of 
that sort of fields without application of thermal 
methods leads to low oil recovery, complication of 
exploitation of wells by possible wax sedunentatjon 
in pump-compressor pipes flow h e s ,  gathering hies 
and other oil-field equipment. Meanwhile many oil 
fields is spread by lugh temperature thermal aquifers. 
Construction of well-heatexchangers for combined- 
separate extraction of thermal water and oil wrll 
permit to do simultaneous heatug of oil, ltftulg 
through annulus, that permit to prevent wax 
deposition fiom oil and to decrease its viscosity 
considerable. 
Overheated fughsalt waters of mesosoic structural- 
hydrogeothmal stage are prospective for electric 
power production. with usmg of bicontour 

medium. 
Number of technological schemes of geothermal 
power stations with downhole heat exchangers- 
evaporators have been elaborated [3]. 
In Fig.2 the technological dmgram of combined 
steam turbine plant for electrical power and heat 
production is presented, whch includes a geothermal 
&daw system, a system of secondary heat 
canier and a cycle of heat pump. 

technological dlagrams with low bollmg worlang 

Fig 2 Combined steam turbme plant for electrical 
energy and heat productmn 
1- productmg well, 2- mject~on well. 3- m j e c t h  

pump of primary contour, 5- downhole h at 

condensator-evaporator, 9- compressor, ~ 0- 
condensator of a heat pump, 11- throttle valve, 1 2- 
admission of cool water, 13- tapping of hot watdc 1 to 

exchanger, 6- turbme, 7- generator, 

consumers removal 

H g h  temperature thermal water. whch IS h 
through stTlng of p r o d u q  well tc its wellhead, n 

pump and is remjected through stnng of mjec fn  n 
surface through p p e h e  IS brought up to mjec 

well back in the stratum. In the upper part of 
injection well the downhole double-pipe he r t- 
fiom a turtnne flows m t h r o a  the pipe, lowem$ ~fl 

exchanger IS build m, where the waste heat-c 

heat-exchanger annulus to its bottom 
condensator of secondary heat camer 
When M h g  through annulus the heat cam 
heated, evaporated and overheated The overhedted 
steam on the surface I brought up to the turb e, 
where, exparsmg, rotates the turbme, whch, m 7 ts 
turn, puts generator and compressor of the hqat 
pump, mstalled on the same shaft, mto operation ’ 
Condensator of the system of secondary heat carrier 
serves simultaneously as an evaporator for the k a t  
pump Low bow reherant, mculatmg m clotkd 
contour of the heat pump, evaporatmg m the 
condensator, absorbs low potentd heat of used m 
turbine steam Compression of evaporated steam - 
refrigerant and mcreasing of its temperature occurs m 
compressor. Condensation of steam wth removing 
of heat at iugh temperature occurs m condensator of 
heat pump, where the cool water 1s put m and heated 
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water is removed to consumer. After 
condensator of heat pump, refrigerant, moving 
through throttle valve reachs condensator- 
evaporator of the system of secondary heat 
carrier. 
The important feature when bulldmg the geothermal 
power plant is selection of w o r m  medurn in a 
secondary contour, whch must combine favorable 
chemical physical and exploitation properties at 
given conchtions of work, i.e. be stable, 
noncombustible, nontoxic, inert in respect to 
construction mat&, and cheap. Jt is desirable to 
select the workmg medum with more low dynam~c 
viscosity coefficient (hydrauhc losses are less), more 
hgh thermal conductivity factor (heat exchange is 
improved). All these requirements is practically 
impossible to satisfy simultaneously, therefore 
selection one or another worlang m e d m  it needs 
always to optimize. The most optimal among known 

Calculation analysis of cycles h using of dfferent 
heat canim in the secondary contour testify, that the 
supercritical cycles are the most optimal, to raise 
turbine capacity and cycle efficiency, to improve 
transportable properties of heat carrier and more 
completely usmg of the temperature of hitd thermal 
water. circulating in primary contour of the 
geothermal power station. 
Evaluat~ng calculations show. that prognostic 
resources of hgh parametrical thermal waters of the 
Northern Daghestan plain are sufKcient for buildmg 
of thermal power plant with total capacity more than 
1000 MWt. 

agents is isobutane and R-142b. 

Especial attention the geotechnological complex of 
hgh salt, hgh potentd thermal water utilization 
deserves, includmg unit of cbUm.ical elements and 
mineral salt extraction, and unit of transformation of 
the thermal power in electncal, where electncal 
energy is used for own needs. 
Rational integrated utilization of high potential brine 
thermal waters wdl beneficially influence economical 
indxes of geothermal production and will raistd 
essentially its competitiveness with other sources of 
raw matenals m d  power. 
‘Ihus, widescale involving of low potential fresh, 
middle potenbal salt and hgh potential brine thermal 
water for satisfaction of Republic national economy 
requirements wiil lead to sharp change of structure of 
energy equilibrium and to improvement of ecolopal 
circumstance in the region, wdl permit to satisf’y 
requirements of s w c a n t  number of power users, 
will turn Daghestan in show regon of hgh powd 
efficiency. 
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