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Abstract. The aim of this work is to reveal causes of unpable horizontal tailing-in well
operation, their further ranking according to tregicte of influence, and developing reactive
and pro-active measures on increasing efficiencyvells in operations as well as planned
wells. During this work the retrospective analysishorizontal termination well operation
stock (horizontal well, horizontal sidetrack, horital drainhole well), and the analysis of
current state were carried out. The influence @& tonducted wellbore interventions on
economic efficiency of well operations was estirdatéccording to the results, obtained in the
research, the main direction of works on increasffgciency will be scenario approach to
planning investments at the wells. It must be abersd future (potential) wellbore
interventions at the wells as an integral part efl wperation. It is necessary to calculate total
investment attractiveness of projects on oil extoac including the following elements: well
construction; operation; in-flow stimulation; watrppression; effects via injection well stock;
abandoning. Such approach to planning investmeititallew to carry out correct comparative
assessment of the existing well operations andinepachnologies with new ones which can
push up the cost of separate subprojects, but etstime time enhance its investment
attractiveness.

1. Introduction

PJSC Tatneft has developed oil fields by the welth horizontal tailing-in for more than 20 years.
Against the gain from drilling volume of the propon horizontal tailing-in wells there is a problem
of unprofitable horizontal wells growing number.

Developing new technologies in the field of opergfi surveying and repairing wells with the
horizontal tailing-in gives a number of instrumettisestore their profitability. Herewith, accordito

the special conditions of developing main fieldsRISC Tatneft — the high reserves depletion and
water cut, increasing number of hard-to-recoveraskrves and limited potential of wells — there ar
barriers for one or another technology from thespective of economic justifiability of their usage.
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The stateanalysis of an unprofitable stc of wells with horizontal tailing-imes been carried out to
determinelimits to applicability ofnew technologies and to defiram algorithm of seleing the
method of well profitabilityrestoration depending dts potential.

The unprofitable well ishe well withthe profitability R, less than 15% [1]:
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where: R, is profitability, %,

P isweighted average sale pr of a tone of oil in respect all market out incl. of VAT and
export duty, rub/t,

H , is taxespaid to the budg from oil sale price (VAT and export dytyubft,
QH" is oil output on iwell for baseline period (1), t,

3, —oil extraction and sales costsi-well for baseline period (t), rub.

2. Methods and materials

The obtained results, describiedthe article, are based on the analysisvell operationshistory of
carried outgeological and technical actions, economic indisaTo processlata we use methods of
statistical analysis, fact@analysis, sensitivitanalysis by method of chain substitutic

3. Results and discussion

The main factors influencingn well profitability are (figure 1): oil sal price;crude oil output
depending on oil flow ratand operaon time. Additionally, oil extraction costspnsisting of constal
and variable cots [2-3helong to the facto, influencing profitability.
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Figure 1. The main factors influencing well profitabil

Constant costs on oil extraction are the most Bagmit in respect of influencing on the level
wells profitability as they establish a peculiatotk" of profitability and regulate well sensitiyito
changes of other indicatorfall in oil prices, increase ofater production, carrying oifailing well
interventionson a production well or actions on influenciinjection well) [4]. As the main
component of constant costs of oil production depreciation allowanceshis statement itrue for
wells during depreciatioperiodand is applicable tthe average annual operating (AAfund which
main part (81%) at the time of the analys not depreciated.

The size of depreciatioallowance depends on the well construction castithe duration of the
depreciation period [5]. Recéythere has been a growth of well constructioat:. It should be noted
that, growth rates of cost of conditionally horizontal livare higher thargrowth rates of costs of
conditionally vertical well. Significant increase toss of horizontal wellonstructionprimarily is
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connected with the introduction of new expensiahi®logies of drilling and re-equipment of drilling

service.
Against the background of increasing well constaimctosts during the period under consideration

the depreciation period has been reduced [6]:

. till 2002 — 15 years;
. since 2002 to 2009 — 11 years;
. since 2010 — 8 years.

Mutual increase in the cost of well constructionl @aeducing of the depreciation period has led to
the growth of level of constant costs during dejartém.

Based on dynamics archive of indicators work ofzental tailing-in wells (oil production decline
rates, growth of water cut), taking the price abtne of oil and a MET rate as constant at thel lefve
2013, we has created the average balance betwetn afooil extraction and its sales revenue for
wells with horizontal tailing-in. The period of degiation was of 8 years [7, 8].

Results of the analysis demonstrate the decregsfiitability of the average well till 6-8 year of
operation. It is connected with falling well exttiao capabilities till this period. Decrease in vel
extraction capabilities is connected either with tiecrease of well efficiency, or with the increase
percent of water cut oil production [9]. The wedizerating experience of the horizontal tailing-ieliw
shows that for 6-8 year after drilling the init@ltput of oil on average has decreased by 2,5-8stim
The water cut of production by this period in thevailing part of wells increases to 80% [10]. It
should be noted that the wells developing carboo@ltectors are flooded in the first 2 years [11].

On the one hand, 6-8 years of operation are cleraetl by high sensitivity of well profitability to
surrounding conditions, such as: oil price; incessvariable expenses, including well intervension
directly on a production well and on the influergcotelivery wells [12].

On the other hand, critical falling of the welffieflency or increase in water content of the got
production at this period becomes a trigger toycaut well interventionson this fund [13].

Thus, the high level of constant expenses leadstisiderable influence of variable costs of wells
profitability on well profitability.

As it presented in the table 1, the main reasonariprofitability of wells with horizontal tailingn
it is possible to name decreasing output of liqaie, increase in water cut of production and dagry
out technical actions directly on a production veelbn the influencing delivery well [14].

Table 1. Wells dividing according to unprofitability (vabie costs)

ﬂ_ rate of wells

Unprofitability Causes | 2004 [ 2005 | 2006 | 2007 | 2008 | mmmm

Low productivity tTb [E[:[:[_—E% [ax [ a1% |[ a D25 [39% | 39%

High watercut Tb 39% [29% [35% [ liew 30 [3a% 3% | Zl jb 38

Well interventions costs - 3% v | % 2% e o B 7% gn% B o 34%
S edre  L10% [ ax [ 22% 3% [Iss% 279 [ 20% [l1ox Pas% |[] 9%

Fall in Oil price 0% 0% 1% 1 7% 0% 2% 0% 0% | 2% 0%

Increase in number of unprofitable wells in thergeat oil prices reduction (2006, 2008 and 2012)
as well as in the later years of prices restorafR009, 2010 and 2011) demonstrates considerable
influence of oil price on wells profitability. Butjue to the lack of a leverage over this factis ot
considered in the further analysis.

The rate of wells with horizontal tailing-in, ungitable for such natural reasons, as a low liquid
rate or high water cut of production is almost pament during the time.

The analysis reveals that the current number ofitpbte wells extremely seldom exceeds the
number of profitable wells directly within the yeaf their drilling. This indirectly means that the
wells, unprofitable after drilling, cannot practigebe transferred to a profitable fund [15].

One of the reasons of transferring profitable (camuial) wells to an unprofitable fund is carrying
out wellbore interventions at wells with horizontaling-in (figure 2).
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Figure 2. Distributing specific quantity ofwell interventions (WI) fromAAO at Carbon deposits,
Wi/well. during 100 months after drillii

As it was mentioned earlier, tlinfluence of variable costs qurofitability of wellsis possible if
we meet two conditions: decreng of well extractioropportunities (the average period of operais
6-8 years) and depreciatialowance in the current period [16].

Existing (till 2013) and expectedynamics of the wellsvith horizontal tailinein (till 2020)
meeting the condition: natepreciced wells with the 7 years term of operatiwave shown that the
period of increase in influence of a factorconducting well interventionsoincides withthe sharp
increase in number of the wells ling reached the sevemar term of operatiobut not having gone
beyond the depreciation period.

Thus, 2013-2018 years che named ¢ the periodespecially sensitive to successconducting
well interventionsand the period ca temporary increase in a rateunprofitable wellsNext years
there will be a natural reductiam number otwells which prottability depends on increase in varia
costs,and, as a result, it is possible to expect redain a rateof an unprofitable well stock with tt
horizontal tailing-in.

To account such regularities of dynamics in webfiability it is necessary td¢ransfer to the
scenario approach iplanninginvestments on a well. Need to considegll intervention as an
integral part of operation of the w has increased, as well asdount total investment attractiven:
of the oil productionproject includin( the following subprojects: weltonstructionand operation;
inflow stimulation; watesuppressic; influence through injection well stocabandonin.

The givenapproach to planning investments will allow to gaout correct comparative assessn
of existing technologies of operation and repRGP (Radioactive Gas Process with new
technologieswhich can increase the cost of separate subprpjaa, at the same tin, increasing its
investment attractiveness.
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4. Conclusion
1. The main reason of unprofitability of wells withrdmontal tailing-in for the last three years on
an equal basis with a low well flow index and higater cutting of well production is the conducting
of well interventions (increase in variable costs).

2. Influence of variable costs on wells profitabilias become possible because of increase in
constant costs.

3. Reduction of depreciation period and increase st cb wells construction have led to the
growth of level of constant costs during depreoiaferiod.

4. The analysis has shown that the decrease in hilifiyaof an average well with horizontal
tailing-in happens after 6-8 years of operationisltconnected with decline of well extraction
opportunities by this period.

References

[1] Bin LIU, Shiging CHENG, Xiangrong NIE, Yongjie ZHAQO013 Evaluation of damage to
horizontal wells through equivalent horizontal weddngth, Petroleum Exploration and
Development 40, 3 378-382

[2] Hector Ngozi Akangbou, Martin Burby, Ghasem Nast 2&ffectively optimizing production
of horizontal wells in homogeneous oil reservoidmurnal of Petroleum Science and
Engineering 150 128-136

[3] Marton L Szanyi, Casper S Hemmingsen, Wei Yan, #en#/alther, Stefan L Glimberg 2018
Near-wellbore modeling of a horizontal well with @putational Fluid DynamicsJournal of
Petroleum Science and Engineering 160 119-128

[4] Chen Huabin, Tang Kai, Chen Feng, Chen JianboghicBi, Ren Gouhui 2016 Oriented cluster
perforating technology and its application in hontal wells,Natural Gas Industry B 3 439-
444

[5] Moudi Al-Ajmi, Bader Al-Azmi, Roberto Pefia, Drew hhbling 2017 Improvement in
Horizontal Well Drilling Efficiency Increases Oilr&duction in North Kuwait, SPE-187568-
MS, SPE Kuwait Oil & Gas Show and Conference, 1%t8&ber (Kuwait City, Kuwait)

[6] Daniela Rojas, Alejandro Lerza 2018 Horizontal WEHoductivity Enhancement through
Drawdown Management Approach in Vaca Muerta Sh8RE-189822-MS, SPE Canada
Unconventional Resources Conference, 13-14 Maralgéty, Alberta, Canada)

[7] Sangyup Choia Davide, Furceribc Prakash Lounga®aurabh Mishrad Marcos,Poplawski-
Ribeirob 2018 Oil prices and inflation dynamics:idance from advanced and developing
economieslournal of International Money and Finance 82 71-96

[8] Krivova N R, Reshetnikova D S, Fedorova K V, Kol&sh V 2015 Increase in effectiveness of
development of low-permeability collectors of figldf Western Siberia system of horizontal
wells, Geology, geophysics and development of oil and gasfields 5 52-57

[9] Taipova V A, Shaydullin A A, Shamsutdinov M F 20Hbrizontal wells and hydraulic
fracturing in increase in effectiveness of develepmof oil fields on the example of NGDU
Aznakayevskneft of PJSC TatndBegoresursa 19, 3, 1 198-203

[10] Bahtizin R N, Fattakhov | G 2013 Application of tlseftware product “prospecting” for
analyzing and optimizing the efficiency of watempfiiog work. Middle-East Journal of
Scientific Research 17(7) 919-925. http://www.idosi.org/mejsr/mejsrl7(7)18df

[11] Bahtizin R N, Fattakhov | G, Kadyrov R R, JusifolJT Rabcevich S A, Safin F R, Galushka A
S 2013 Importance of modeling application to inse=ail recovery ratioviddle East Journal
of Sientific Research 17(11) 1621-1625 http://www.idosi.org/mejsr/mejsr17(1 1B pdf

[12] Fattakhov | G, Kadyrov R R, Nabiullin | D, Sakhibgav R R, Fokin A N 2015 Using artificial
neural networks for analyzing efficiency of advashceecovery methodsBiosciences
biotechnology research Asia 12, 2 1893-1902 http://www.biotech-asia.org/dnload/Irik-
Galikhanovich-Ramzis-Rakhimovich-Kadyrov-lldar-Diawich-Nabiullin-Ramis-Rasilevich-
Sakhibgaraev-and-Anatolij-Nikolaevich-Fokin/BBRAMI02P1893-1902.pdf



IPDME2018 I0OP Publishing

IOP Conf. Series: Earth and Environmental Science 194 (2018) 082020 doi:10.1088/1755-1315/194/8/082020

[13]

[14]

[15]

[16]

Mukhametshin V V 2017 Eliminating uncertainties dalving bottom hole zone stimulation
tasks Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering 328, 7 40-50
Yakupov R F, Mukhametshin V Sh, Zeigman Yu V, Clyalova A N and Valeev M D 2017
Metamorphic aureole development technique in tesfriBuymazinskoye oil fieldil industry
10 36—40 DOI: 10.24887/0028-2448-2017-10-36-40

Goryunova M V, Kuleshova L S and Khakimova A | 20A@plication of signal analysis for
diagnostics International Conference on Industrial Engineering, Applications and
Manufacturing (ICIEAM) (Saint Petersburg: IEEE) pp. 1-5 DOI:
10.1109/ICIEAM.2017.8076487

Habibullin M Ya, Sidorkin D | 2016 Determination tfbing string vibration parameters under
pulsed injection of fluids into the welBOCAR Proceedings 3 27-32



