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ECONOMIC EFFICIENCY OF FAST WELL DRILLING IN DONBASS

(Reviewed by the editorial board member V. Mykhailov)

The main purpose of this paper is to study the optimal conditions for rational degassing during gas-hazardous mines operation
and cost-effectiveness to ensure safe operation, to increase coal production and to use the produced gas commercially.

The work methodology is complex and combines mining-technological and economic components. The first step was to
analyze the results of the project degassing, which was held directly in the field CG "Pokrovske", and define the main parameters
affecting the efficiency of degassing. The parameters of drilling conducted on CG "Pokrovske" in 2012 were generalized. The
next step was to establish a correlation between the parameters of drilling speed and lava promotion. The data on real drilling
performance achieved in the implementation of degassing project showed that the average drilling speed was now about 100 m
per day against the previous years' average of 500 m per month. The formulas for determining annuity from the drilling
organization operations are given. The final stage of the research was to determine the optimum drilling performance for
degassing at an economically favorable, rational expediency and efficiency level.

The obtained results revealed that the main parameters affecting the efficiency of degassing are drilling speed, optimization
of degasification wells construction, as well as calculation of the effective well spacing and timing of their preparation for the
lavas approach. It has been found out that the main factors to achieve efficiency of operation include cutting down on wages of
the workers engaged in servicing rigs, due to drilling speeds, and decreasing investments into the construction of wells. Empha-
sis is laid on the need for integrated development of the existing fields, which combines degassing with coal mining.

Scientific novelty of the paper is in the development of formulas for calculating the drilling organization's annual income de-
pending on drilling speed characteristics. Fast drilling technology offers clear advantages as compared to the conventional one.

The practical application of the paper is in determining the optimum speed and drilling conditions that ensure cost-effective
degassing. The theoretical assumptions were confirmed by the results obtained from using the fast drilling operation technology

developed by "Donetsksteel".

Problem definition and its relationship with
important scientific and practical tasks.

Being under the influence of the gas factor, leading
domestic mines have reached the limit of their output
capacity. They need non-trivial solutions for safe and high
efficiency coal mining operations. The preliminary degassing
which is of preferential extensive use in the United States,
Canada, Australia, China and other countries could be a
solution; but about 10 years are required for 50-percent
reduction in gas emissions; Ukrainian enterprises do not
have so much time for that. That is why they are forced to
find a combination of space and time performing coal mining
operations and drilling, namely, to use wells drilled from the
surface for degassing purposes. General mine ventilation
ensures degassing of about 55% of the daily emissions in
highly productive longwalls; this type of ventilation is followed
by degassing by wells drilled from the development workings
(25%), and finally, degassing by wells drilled from the
surface (up to 20%).

Analysis of recent research and publications.

Conducted in recent years, research and its analysis in
publications [1, 2, 3] are increasingly presenting arguments
regarding the need for effective concomitant degassing.
The conventional methods for underground degassing by
drilling wells from excavations cannot provide the
necessary safety conditions for gas factor in gas-
hazardous mines. Equipping the mines with a modern coal-
mining complex will increase labor productivity. Designed
degassing pipes system, especially in old mines, are
limited by bandwidth. It is necessary to create additional
degassing systems that could provide the necessary
working conditions in the mines and contribute to the
rational use of the extracted gas. The solution to this
problem could be drilling degasification wells from the
surface, the advance of lava with forgery and gravitational
unloading are an additional way to underground extraction

of gas from the coal-rock block. Degasification wells drilling
should be conducted with the greatest possible speed.

Aspects of the problem to be solved.

Despite the fact that the method of degassing by wells
drilled from the surface is the third in the row of the methods
used for further development of Ukrainian mines, it is a crucial
one, as all other resources have already been mobilized.

Degassing by wells from the surface requires drilling of
a great number of wells. It has a direct impact on the
economic aspect of coal mining. However, the focus had
primarily been on the technical side [1, 2, 3]. Therefore, to
improve the efficiency of coal mining in Ukraine, in this
paper we set the goal to determine a rational scope of
application of wells drilled from the surface.

Purpose of the article. The main purpose of this paper
is to study the optimal conditions for rational degassing
during gas-hazardous mines operation and cost-
effectiveness to ensure safe operation, to increase coal
production and to use the produced gas commercially.

The main research material.

Degassing efficiency depends on the well spacing
density and the time factor. A proper combination of coal
mining and well drilling operations is an important
requirement: by the time of well completion, projection of
well bottom on mined seam is to be at a distance of not
less than 30 m ahead of the production face.

Thus, time provided for drilling and completion of a well
shall satisfy the inequality:

Ty <(Li—=1)/my,, (1)
where Tpi1— time of well drilling that is allowed by
conditions of degassing technology, days; Li— spacing
between wells within a single extraction panel, m; /; —
minimum distance from the advancing face to the
projection of well on the degassed seam at the time of well
completion, m; m.w — average daily advance of production
face, m/day.
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In order to stay within the stipulated time, commercial
drilling speed is to be at least:

Sic=nh /Ty, (2)
where Si; — commercial drilling speed for a well, m/day; n —
number of degassing wells that are to be constructed
according to the plans by one drilling rig for the time Tpq;
hi — depth of i-th degassing well, m.

h=H,—h,, 3)
where H;— depth of occurrence of the seam where
degassing is performed, m; hy — project distance from the
well shoe to the roof of the longwall, m.

The following parameters of well construction were
taken as optimum ones for Project of Degassing that is
being implemented in "Pokrovskoye" mine: L4=300 m;
11=30 m; h,=15 m. If a degassed seam occurs at a depth of
800 m, the depth of the well is to be 785 m.

When average daily advance of a longwall is 7m (as it
is in fact in case of mines characterized by high output
capacity), for the construction of such a well not more than
300-30

7

In the project of degassing that was developed for
"Pokrovskoye" mine by a specialized organization
"Donbassgeologiya", use of the Canadian drilling rig produced
by National Oilwell Varco (Dreco) was assumed; while
construction of wells from the surface was considered as rig-
down and rig-up operations with a duration of 12 days and the
actual drilling. Standard well drilling speed for a depth of
674 m was 40.5 days; 724 m — 43.5 days; 800 m — 48 days
(drilling speed — 500 m per month per one drilling rig). Thus, in
view of rig-down and rig-up operations for the well with a
depth of 800 m, 60 days were required. It conditioned
commercial speed of well construction of 13.3 m/day.

Drilling speed required under condition (2) is to be not
less than 22 m/day. This means that the investment project
for the creation and operation of the drilling organization,
specialized in the construction of degassing wells drilled
from the surface, would require more drilling rig complexes,
and in case of simultaneous operation of several longwalls,

=39days are to be spent.

a number of drilling rigs would be increased in proportion to
the number of concurrent mined panels. And it's not just
arithmetic addition of pieces of equipment — significant
increase in investment and operating costs is observed.
Up-to-date drilling complexes are expensive ones (drilling
rig produced by Dreco costs $ 9.7 million USD), each
drilling rig is serviced by a separate crew, each drilling rig
requires maintenance, including transportation from place
to place, etc.

In order for the investment project for the foundation and
operation of the drilling organization to be break-even, cash
flow CF: from its implementation represented in the form of
annuity is to meet the following condition [1]:

O L — (4)

Z 1
T (1+m )
where CF;— annual cash flow (annuity) from the activity of
drilling organization, min UAH; INV — cumulative amount of
investments, min UAH; my — cost of capital, fraction unit; { —
current year of project implementation; T — duration of the
investment project.

The break-even condition (4) shows the amount of the
annual cash flow that turns a net present value (NPV)
under the project to zero for a given volume of investments
and rate of capital cost. Condition NPV=0 gives very
informative indicators for an investor — with their help, even
roughly, the economic prospects of the project, its
feasibility and, finally, efficiency can be estimated.

In 2012, in "Pokrovskoye" mine as a result of progressive
fast driling operations performed by one Ultra Single 150
driling rig on three production panels, 36 degassing wells
were drilled for 301 machine-days. According to the initial
project, based on the traditional drilling technologies, 6 drilling
rig complexes of Dreco type would have been involved to
serve three longwalls. Individual parameters of drilling
operations were summarized in the table.

Annual cash flow on break-even condition of the project
was calculated based on 20 years of operation of drilling
complexes and the rate of 12% per annum.

Table 1
Actual and Estimated Indicators of Drilling Operations
Indicator Measurgment Value
Unit
Wells constructed in 2012 pcs 36
Average duration of well construction days 8+2
Deductions for salary payment for drill site thous. UAH/day 18.5
Costs excluding depreciation when using one Ultra Single 150 drilling rig min UAH/well 1.0£0.1
Wage and salaries fund for drill site when using one Ultra Single 150 drilling rig min UAH/year 5.5
Wage and salaries fund for drill site when using six Dreco drilling rigs min UAH/year 32.9
Total costs when using one Ultra Single 150 drilling rig min UAH/year 37.3
Total costs when using six Dreco drilling rigs min UAH/year 64.7
Unit costs excluding depreciation when using six Dreco drilling rigs min UAH/well 1.8
Investments when using one Ultra Single 150 drilling rig min UAH 192
Investments when using six Dreco drilling rigs min UAH 466
Annual cash flow on break-even condition of the project when using one Ultra Single 150 drilling rig min UAH 26
Annual cash flow on break-even condition of the project when using six Dreco drilling rigs min UAH 62
When comparing the projects, design identity of wells was wells drilled from the surface without depreciation

assumed; increase in costs of maintenance of drilling
complexes in case of their greater amount etc. was not taken
into account. As major factors in achieving economic
efficiency, only savings on salaries of personnel directly
engaged in drilling rigs maintenance, and reduction in amount
of investments due to reducing the time of a well construction.
The value of the annual income of the drilling
organization on break-even condition of the investment
project (taking into account appropriate annuity of cash

flow) is to satisfy the following condition:
G=CF,+C,, (5)

where G — average amount of annual income of drilling
organization, min UAH; Cq4 — cost of the construction of

deductions, min UAH.

Conclusions. In the case of fast drilling technologies, the
above mentioned 36 wells constructed for "Pokrovskoye"
mine would have cost for coal production enterprise more than
62 min UAH taking into account the requirement to ensure
break-even condition of the project; in case of conventional
drilling technologies — more than 127 min UAH.

In the past, artillery-type weapons were cast with the
Latin inscription "Ultima ratio regum", which had the
following meaning: "The final argument of kings". For
owners of the leading Ukrainian mines such a "final
argument" is degassing wells drilled from the surface. But,
according to the assessment performed by the Institute of
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Industrial Economics of National Academy of Sciences of
Ukraine, the basic project is not economic. Degassing of
Coal and Gas Deposits by wells drilled from the surface
can be economic providing the commercial drilling speed
exceeds 22 m/day and enables using one drilling complex.
While acknowledging the importance and effectiveness
of the process of preliminary degassing by wells drilled
from the surface, it should be recognized that degassing
combined with mining operations will be of immediate
interest to the existing mines for at least another 15-20
years. It determines the topicality and value for the
domestic coal industry of the progressive fast drilling
operations technology developed by "Donetsksteel".
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EKOHOMIYHA E®EKTUBHICTb LUBUOKICHOIO BYPIHHA CBEPOANOBUH B YMOBAX JOHBACY

onoeHoro memoro daHoi po6omu € docnidxeHHs1 onMuMasnibHUX YMO8 payioHanbHO20 npoeedeHHs1 de2a3ayiliHux pobim npu ekcnnyamauyii
2a3oHebe3neyHUX waxm ma ix eKoHOMi4Hoi eghekmueHocmi Anss dompumMaHHsi 6e3neku po6im, HapoujyeaHHs1 euOOBymKy eyzinns ma eukKopuc-
maHHs 8usly4eHo20 2a3y y 20crnodapyux yinsix.

Memoduka po6im € KoMnIeKCHOr ma noedHye 2ipHUY0-MexXHOI02iYHY ma eKOHOMiYHY cknadoei. [lepwum emanom 6ye aHanis pesynbmamie
npoekmy Oeaa3auii, nposedeHo20 6e3nocepedHbo Ha podosuuwii LLIY "[lokpoecbke” ma eu3Ha4yeHHs1 20/108HUX NMapaMempis, WO Masau enaue Ha
pe3ynbmamueHicmb de2a3ayiliHux po6im. Y3azanbHeHo napamempu 6yposux pobim, wo 6ynu npoeedeHri Ha LY "lMokpoecbke" y 2012 poui. Ha-
cmynHuUM Kpokom 6ysio cmaHOBJIeHHs1 83a€M038 'A3Ky MiX napamempamu 6ypiHHA ceepdnoeuHu ma weudkicmio nocyeaHHsi nasu. Ha npuknadi
peasibHUX noka3Hukie 6ypiHHsI, siki docsi2Hymi npu peanizayii de2a3auiliHo2o npoekmy, po3paxoeaHa cepedHsl weudkicmb 6YpiHHS, siKa cknadae
6ins1 100 M/006y npu cepedHix MoKa3HUKax MUHynux pokie 500 m/micsiyb. HagedeHo po3paxyHkoei ¢popmynu Onsi U3Ha4eHHs1 W,0pPiYHO20 2poWo-
8020 nomoky eid disnbHocmi 6ypoeoi opaaHizauii. Kinyeeoro cmadiero y po6omi 6yno eusHayeHHs1 onNMuUMasbHUX MoKa3HukKie 6ypiHHS Onsi npo-
sedeHHs Oeza3ayiliHux po6im Ha eKOHOMiYHO eu2iOHOMY, payioHanbHO-00YiNbHOMY ma e¢heKmueHOMY pieHi.

OmpumaHi pe3ynbmamu do3eosuniu CmaHo8umu, Wo OCHOBHUMU Napamempamu, Wo ensueaoms Ha pe3ysbmamueHicms de2a3auii, € weu-
Okicmb 6YpiHHSI, onmumi3auisi KOHCMPYKUii deza3ayiliHux ceepd/io8uUHU, @ MaKOX PO3paxyHOK eghekmusHuUx eiocmaHel MiX ceepdnosuHamMu ma
8U3HaYyeHHs1 4Yacy ix nidzomoeku Ao nidxody nae. BusHayeHO, uj0 OCHOBHUMU ¢hakmopamu Onss docsizHeHHs1 e¢pekmusHocmi po6im € eKOHOMis1 Ha
3apo6imHux nnamax pob6imHukie, wo 3aliHaami Ha o6crly2oeyeaHHi 6ypoeux ycmaHOBOK, 3a paxyHOK weudkocmeli 6ypiHHSI ma cKopo4YeHHs1 o6csizy
iHeecmuuyiii dns 6ydieHuymea ceepdnoeuHu. lMidkpecieHo Heo6xiOHiCMb KOMIMIEKCHO20 OCBOEHHS iICHYyIOYUX podoeuwy, W0 NoedHye NpoeedeHHs
Odeza3zauyii 3 audobymkom eyainns.

Haykoea Hoeu3Ha po6omu nonsi2cae y aueedeHHi ¢hopmynu Onsi po3paxyHKy piyHo2o npubymky 6ypoeoi op2aHi3auyii y 3anexHocmi eid weuo-
KiCHUX Xapakmepucmuk npoeedeHHs1 6yposux pobim. BcmaHoeneHo nepesa2u mexHonoezili weudkoz2o 6ypiHHS ceepOsI0O8UH Y MOPI8HSAHHI 3 mpa-
QuuyitHumu.

lMpakmuyHa 3HaYyumicmb po6omu nonsi2ae y eusHaYyeHHi onmumanbHOi weudkocmi ma yMoe 6ypiHHsI, 3a siKux npoeedeHHs1 de2a3auii € doyi-
JIbHUM Ma eKOHOMIYHO eu2iGHUM. BucHoeku niomeepoxeHi pe3ysbmamamu, ompuMaHUMU Mpu eUKOPUCMaHHIi Ha npakmuyi mexHosozii weudkic-
HO20 6ypiHHs1, po3pobneHoi [pAT "[JoHeybkcmansb".
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OKOHOMUYECKAA 3DPPEKTUBHOCTb CKOPOCTHOIO BYPEHUA CKBAXWH B YCITOBUAX JOHBEACCA

nasHol yenbto daHHOU pabomel siensiemcsi uccsedoeaHue onMuMalsbHbIX ycoeull payuoHasrbHo20 rnpoeedeHusi deza3ayUoHHbIX pabom
npu 3KcnIyamayuu 2a300nacHbIX wWaxm u ux 3koHomu4veckol aghgpekmueHocmu Onsi o6ecrnieveHuss 6ezonacHocmu pabom, HapaujueaHusi o6bI4u
yans u ucnonb3o8aHusi 306bIMo20 2a3a 8 X035liCMEeeHHbIX YeslsiX.

Memoduka pabom sieissemcsi KOMIIEKCHOU U 06beduHsiem 20pPHO-MEXHO/I02UYECKYH0 U 3KOHOMUYECKYI cocmaensitoujue. [lepebiM amarnom
6b11 aHanu3 pesysibmamoe npoekma de2a3ayuu, KOmophblil npoeedeH HerocpedcmeeHHO Ha MmecmopoxdeHuu LLIY "lMokpoeckoe” u onpedeneHue
2/1a8HbIX NMapamempos, eusiloWux Ha pe3ysbmamueHocms de2a3ayuoHHbIX pabom. O606uweHHbI Nnapamempsl 6ypoebix pabom, npoeedeHHbIX
Ha LY "Mokpoeckoe” 8 2012 200y. Cnedyrowum waz2om 6b110 ycmaHoesieHUe 83auMocesi3u Mexdy napamempamu 6ypeHuUsi CK8aXUHbI U CKOPO-
cmbto npodeuxeHusi naebl. Ha npumepe peanbHbix nokazamesnel 6ypeHusi, ocmuaHymbIX Npu peanusayuu de2a3ayUoHHO20 MPoeKma, paccyu-
maHa cpedHsisi ckopocmb 6ypeHusi, komopasi cocmasJsisiem okosio 100 m/cymku npu cpedHuX nokazamesisix npowsnbix sjem 500 m/mecsy,. lMpueede-
Hbl pac4emHbie ¢popMyrbl Onsi onpedesnieHus1 exe200H020 AeHeXHO020 nomoka om desimesnibHocmu 6ypoeoli opeaHu3dayuu. KoHeyHoli cmadueii e
pabome 6b110 onpedenieHue onmuMasnbHbIX Mokasamesnel 6ypeHusi Onsi npoeedeHusi 0e2a3ayUOHHbIX pabom Ha 3KOHOMUYECKU 8bI200HOM, pa-
YUOHasIbHO-yes1ecoobpa3HoM U 3¢hgheKmusHOM ypPOBHe.

lMony4yeHHble pe3ynbmamsl M0380/UMU YCMaHOBUMb, YMO OCHOBHLIMU NapamMmempamu, eUsiOWUMU Ha pe3yibmamueHocmb Ge2a3ayuu, se-
nsiromcsi ckopocme 6ypeHusi, onmumu3ayusi KOHCMPYKYUU 0e2a3ayUOHHbIX CK8a)XXUH, @ makxe pacyem 3ghghekmueHbIx paccmosiHuli Mexdy ckea-
JKUHamu u onpedesieHUe 8peMeHU ux Mod20moeKu Kk nodxody nae. OnpedesieHo, 4MO OCHOBHbLIMU ¢hakmopamu Onsi docmuKeHus1 3ghgheKmueHo-
cmu pa6om siensiemcsi 3KOHOMUSI Ha 3apabomHbIX namax paboyux, 3aHIMbIX Ha o6cnyxueaHuu 6ypoebix yCMaHOB8OK, 3a c4em ckopocmeli 6y-
PeHUs1 u cokpaujeHue o6bema uHeecmuyuli 111 cmpoumesnibcmea ckeaxuHbl. [Tod4epkHyma Heo6xo0UMOCMb KOMIIEKCHO20 OC80EHUsI cyuwjecm-
syrowux MecmopoxoeHull, coyemarouwe2o nposedeHue dezasayuu ¢ 0obbiyell yans.

Hayuynasi Hoeu3Ha pabomsl 3aknro4aemcsi @ ebieedeHuUuU ¢hopmysnbl Ons1 pacyema 2odoeoli npubbinu 6ypoesoli op2aHU3ayuu e 3agucuMocmu
om CKOpOCMHbIX Xapakmepucmuk rnpoeedeHusi 6ypoebix pabom. YcmaHoersneHbl npeumMyujecmea mexHonoauli 6bicmpo2o 6ypeHusi CK8aXUH Mo
cpasHeHUr ¢ MpPaduyUuoOHHbIMU.

lMpakmuyeckas 3Ha4uMocmb pabombl 3ako4aemcsi 8 onpedesieHUU ONMUMalbHOU ckopocmu u ycrnosull 6ypeHusi, Npu Komopbix nposede-
Hue dezasayuu yennecoobpasHO U IKOHOMUYECKU 8bI200HO. Bbieodbl nodmeepxdeHbl pe3ynbmamamu, nosy4eHHbIMU Npu UCMOo/b308aHUU Ha
npakmuke mexHoJI02uu CKOPOCIMHo20 6ypeHusi, paspabomaHHol 3A0 "[loHeykcmanb".





