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OdHoU u3 saxkHeliwux 3a0ay CoO8pPeMEeHHO20 eCmecme03HaHuUs siernsiemcsi SHepaocbepexxeHue
U 3aMeHa He80306HO8/ISIeMbIX UCMOYHUKO8 3HepaUU Ha 8empOoBYyH, COTHEYHYIO, 2e0MepPMaribHYIO,
80J1HO8YIO U Opyaue 8udbl 3HEPaUU.

nasHoe npeumywiecmao 2opsiyell 00kl 8 MOM, YMo ee r1odadyy MOXHO roJly4Yumb 8 Mecmax,
20e oHa HernpepbIsHO peaeHepupyemcs u nompebrisem HernocpedcmeeHHO Merio, IHepauUro, ele
8axkHee U ronesHas xumusi, obnadaem yenebHbIMu ceolicmeamu U criocobHocmsmMu.

B cmambe paccmampusaemcsi 8nusiHUsi memrepamypHO20 hakmopa Ha 8esluduHy audpo-
cmamuyeckoeo 0asrieHust npu bypeHuU eeomepmarbHbIX CK8aXUH MymeM npuUMeHeHUs1 8 rpoyecce
rPOBOOKU 211ybOKUX CK8aXXUH XUMUYECKUX peazeHmo8 Ha 0CHO8e 8000PacmeopuMbIX o/IUMepPOS,
obecnequsarouux cmabunibHoCcMb 6ypoBbIX Pacmeopos rpu 8bICOKUX memnepamypax. Kak yxe 6biio
yKa3aHo paHee, peayrnupogaHue 2u0pocmamuyecko20 0asieHUs1 Mymem rosbILWEeHUs MIomHocmu
bypo8o20 pacmeopa 8 yCcrio8usiX 8bICOKUX memrepamyp HeuenecoobpasHo. [1oamomy Heobxodumo
rposecmu Mepbl 10 Mo8bILIEHU ceduMeHmMayUoHHOU ycmotidyugocmu bypoebix pacmeopos.

KITIOYEBBIE CJIOBA: 2eomepmMaribHble CK8axuHbI, 6ypogoli pacmeop, arbmepHamusHasi
3Hepeaemuka, ar1yboKue CK8axXUHbI, 8bICOKUE meMrepamyphbi.
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BYPEHUE

Kaszipai >xapambinbicmaHyObiH eH bacmbl MiHOemmepiHiH 6ipi — sHepausiHbl yHeMOey MeH
JKaHapmbinMmalmbiH SHepaus Ke30epiH Xerl, KyH, eeomepmarnibi, MOJIKbIH XoHe marblOa backa
banamaribl a3Hepausi Ke30epiMeH anmMacmaipy.

blcmbik cydbiH 6acmbl apmbIKWbIbIFLl — O Y30iKCi3 peeeHepayusnaHambiH XXOHE Xblly MEH
SHepeusiHbl mikenet mymbiHambiH opbiHOapda 6epyee 6onambiHbl, OHbIH eMOik Kacuemmepi 6ap
natidarnsl xumusicbl 00aH 0a MaHbI30bIpak.

Makanada »xorapbl memnepamypada byprbinay epimiHOinepiHiH mypakmbinbiFbiH KaMmamachi3
ememiH cyda epumiH nonumepep HeeidiHoeai XumusinbiK peazeHmmepdi mepeH yHFbiManapobl
byproinay yoepiciHOe KondaHy apKbiiibl 2eomepmarnobik YHFbIManapObl yprbinay ke3iHoeai mem-
nepamyparblk ¢hakmopObiH 2udpocmamukarnbiK KbICbIMHbIH MeruepiHe acepi Kapacmbipbinalsbi.

XKorapbiOa alimbiniraHOal, XofFapbl memnepamypa xardalibiHda 2udpocmamukarbiK KbICbIM-
Obl 6yprbinay epimiHOiCiHIH Mbifbi30biFbIH apmmMmbIpy apKbiiibl pemmey OpbIHCbI3 6011bIn Keneoi.
CoHObIKmaH 6yprbinay epimiHoinepiHiH ceOuMeHmayusinbIK mypakmbliibifbiH Xakcapmy 6olbiHuwa
wapanap emkisinyi kaxem.

TYUIHAI CO3LEP: ceomepmandsbik yHFbiMarnap, 6yprbinay epimiHdici, 6anamarisi 3Hepaemuka,
mepeH YHFbIMarnap, Xofapbl memrepamypa.
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One of the most important tasks of modern natural science is energy saving and replacement
of non-renewable energy sources with wind, solar, geothermal, wave and other energies.

The main advantage of geothermal water is that it can be supplied in places where it is
continuously regenerated and directly consumes heat, energy, more importantly, useful chemistry,
has healing properties and abilities.

The article discusses the influence of the temperature factor on the value of hydrostatic pressure
while drilling of geothermal wells using chemical reagents based on water-soluble polymers in the
process of drilling deep wells, which ensure the stability of drilling fluids at high temperatures.As
mentioned earlier, the regulation of hydrostatic pressure by increasing the drilling mud densityat
high temperatures is inappropriate. Therefore, it is necessary to take measures to improve the
sedimentation stability of drilling muds.

KEY WORDS: geothermal wells, drilling mud, alternative energy, deep wells, high temperatures.

construction of geothermal wells, reducing their cost and increasing the methods
of productiveness.

Elaboration of optimum hydrodynamic and thermodynamic calculation methods,
creation of thermohydrodynamic methods for hydrodynamic units can become one of
the main directions in the thermal power development [ 1-4].

The use of magmathermal complexes for the geothermal power generation can
be based on the circulation principle and meet the requirements of the subcritical
thermodynamic conditions of the selected thermal carrier. Unfortunately, the full concept of
closed-type geothermal circulating unit for supercritical cases has not yet been developed.
This once again proves that further working outs are needed aimed at the effective
implementation of geothermal energy through the construction of geothermal wells and
the development of reserves of geothermal wells in the fields [5-7].

he development of geothermal power generation is associated with the
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As is known, in practice, the hydrostatic pressure is measured by multiplying the
drilling mud weight (measured in natural conditions) by the depth.

However, this does not take into account the fact that as a result of the combined
impact of pressures and temperatures the drilling mud in the well changes its volume,
and along with it, its density, i.e. due to the pressure, it constricts, and due to temperature,
it expands.

Based on the condition of a linear increase in pressure and temperature with depth, the
formula for calculating the hydrostatic pressure in the well can be represented as follows:

P=y-H-¢ (1)
where, € = %:21}51 —reduction coefficient; y—well-head drilling mud weight, N/m?; H —
well depth; I — geothermal gradient, °C/m; a — coefficient of isobaric thermal expansion,
1/°C; b — coefficient of isothermal compressibility by pressure, 1/Pa.

Figure I shows the pattern of change in hydrostatic pressure with depth based on
formula (1) for real drilling conditions (y = 1400N/m*; a =4-10* 1/°C; b = 4-10"'°1/Pa).

As can be seen from Figure 1, the value of the isothermal gradient has a significant
impact on the hydrostatic pressure value on the well bottom (the dotted line shows the
known dependence, according to which a and b are equal to zero). At the same time, as
the well depth increases, the discrepancy in the results of hydrostatic pressure calculations
increases, reaching 10 MPa or more in this case.
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Figure 1— Dependence of the hydrostatic pressure in the well on the depth:
1,23-1=0;0,02; 0,04 °C/m respectively
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One of the most frequent types of complications in drilling deep wells is the flow of
fluid of the formation (usually gas) after the drilling mud circulation is stopped. At the
same time, the duration of the circulation absence in practice conditional of the duration
of tripping operations, geophysical measurements, repair work, etc., can reach several
days [8-10].

In this case, the main measure is some increase in the drilling mud density to achieve
hydrostatic pressure up to the value of the total hydrodynamic pressure on the well bottom,
at which there was no fluid inflow from the formation. As a rule, the drilling mud weighting
does not give a positive result, and the fluid inflow from the formation into the well
continues to occur after the circulation is stopped.

On the other hand, it is obvious that the fluid flows from the formation into the well
due to some decrease in hydrostatic pressure. It is well known that the hydrostatic pressure
value in the well is influenced by the value of the static shear stress of the drilling fluid,
as well as the design of the well.

As already noted, the static shear stress (as well as the rheological parameters) of
the drilling mud decreases significantly with increasing temperature. In this regard, the
assumption that the decrease in hydrostatic pressure in a deep (high-temperature) well,
and, consequently, the fluid inflow from the formation, occurs due to increased values of
static shear stress, is unreasonable.

Moreover, a sharp decrease in static shear stress at high temperatures can be a
major factor in lost circulation, formation hydraulic fracturing, and a violation of the
sedimentation stability of the drilling mud in the well. For example, lignosulfonate drilling
fluid with a density of 1.8 g/cm?® and static shear stress for 1 and 10 minutes of rest,
respectively, of 3.6 and 5.4 Pa at a temperature of 20 °C is stable. This can also explain the
results of experiments performed on a special rotational viscometer (VSN-2M) depending
on the temperature of the structural and mechanical properties of weighted drilling muds,
which, as established, is parabolic in nature. At the same time, the fixed "thickening" of
the drilling mud with high temperature (meaning the increasing branch of the parabola),
interpreted in the literature only as a result of intensive dispersion of clay material, can be
justified considering an additional factor — differentiated sedimentation of solid particles
and, thus, the formation of viscometer of a gradually increasing and hardening annular
plug. This interpretation of this dependence also substantiates the causes of hysteresis
loops occurrence and partial reversibility of the structural and mechanical properties of
drilling muds during cyclic temperature changes.

It is not difficult to calculate that the barite particles settling with a density of 4.2 g/cm?
and a size of 250 pm in the drilling mud with a density of 1.8 g/cm® occurs at values of
static shear stress at the initial rest time of less than 1 Pa. This means that at the wellhead
(at wellhead temperature) this static shear stress value will increase at least 5-6 times.
In addition, the static shear stress is usually measured after 1 and 10 minutes the drilling
mud at rest, which is approximately 2—4 times higher than its similar value at the initial
rest time.

Thus, to ensure the sedimentation stability of drilling muds in high-temperature wells,
it becomes necessary to design and maintain very high values (about 10 Pa) of static
shear stress on the surface. However, if the barite particle size is taken equal to 74 um
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(corresponding to the established norm), then the static shear stress value per minute,
which ensures the sedimentation stability of the drilling fluid, will become 3 Pa.

Example. During intermediate flushing of hydrostatic pressure in the well at 3700 m
depth after the lifting and lowering of the drilling tool of well No. 8, pl. Zardob (bottomhole
4158 m, temperature 115°C) drilling mud density decreased from 1.98 to 1.46 g/cm?. At
the next stage of flushing, after the restoration of the initial density and the admission
of the drilling tool directly to the bottomhole, there were no changes in the drilling mud
density leaving the well. Similar phenomena are observed during the drilling of most deep
wells in the exploration areas of Azerbaijan.

As mentioned earlier, the regulation of hydrostatic pressure by increasing the drilling
mud density at high temperatures is inappropriate. Therefore, it is necessary to take
measures to improve the sedimentation stability of drilling muds. One of the most realistic
ways in this case is the widespread use in drilling deep wells of chemical reagents based on
water-soluble polymers that ensure the stability of drilling muds at high temperatures, as
well as powdered weighting agents that do not contain large particles in their composition
and do not form when adding to the drilling mud of massive floccules.

CONCLUSION

1. To increase the production rate of geothermal wells, it is proposed to simultaneously
drill multilateral geothermal wells based on the selected hydrodynamic parameters using
the formulas of the Muscat-Bogewer theory.

2. Based on the analysis of field data, water sources and the concept of alternative
energy development in the Republic of Azerbaijan were studied.

3. Upon the thermohydrodynamic studies, the method has been developed to prevent
loss of drilling mud. @
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