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Abstract

:

Drilling-waste management is of great importance in the oil and gas industry due to the substantial volume of multi-component waste generated during the production process. Improper waste handling can pose serious environmental risks, including soil and water contamination and the release of harmful chemicals. Failure to properly manage waste can result in large fines and legal consequences, as well as damage to corporate reputation. Proper drilling-waste management is essential to mitigate these risks and ensure the sustainable and responsible operation of oil and gas projects. It involves the use of advanced technologies and best practices to treat and utilize drilling waste in an environmentally safe and cost-effective manner. This article describes a feasibility study of four drilling-waste management options in the context of the Khanty-Mansi Autonomous Okrug of Russia. For ten years of the project life, the NPV under the base scenario is equal to RUB −3374.3 million, under the first scenario is equal to RUB −1466.7 million, under the second scenario is equal to RUB −1666.8 million and under the third scenario is equal to RUB −792.4 million. When considering projects, regardless of oil production, the project under the third scenario pays off in 7.8 years and the NPV is RUB 7.04 million. The MCD and MCV parameters were calculated to be 106 km and 2290 tons, respectively. Furthermore, the study estimates the ecological damage prevented and the environmental effect of each option. Quantitative risk assessments, conducted through sensitivity analysis, reveal that the fourth option, involving the conversion of drilling waste into construction materials, emerges as the most economically feasible. The study also evaluates the interaction between business and government and analyzes the current situation in the sphere of drilling-waste management, concluding with concise recommendations for both companies and official bodies.
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1. Introduction


As industrial production and urbanization are growing, so is the consumption of mineral resources, which leads to growth in the volume of man-made waste and gives rise to environmental problems [1,2]. In the global energy mix, hydrocarbons are continuing to play a dominant role among other energy sources [3,4]. Within the oil and gas industry, the drilling of wells stands out as the primary source of waste generation [5]. Therefore, the establishment of effective waste-management systems that transform waste into valuable resources and materials is an important step towards fostering a circular economy [6]. Nevertheless, the adoption of such waste-management practices in developing countries remains improbable due to limited funding, inadequate government incentives, technological shortcomings, and regulatory deficiencies [7,8].



Considering the millions of tons of drill cuttings produced when drilling exploration and production wells in the oil and gas sector, substantial environmental damage is done, disrupting the equilibrium of entire ecosystems [9]. This is due to the fact that drilling waste consists of both safe and toxic components, the latter being harmful to nature and human health [10,11,12].



Waste includes drilling mud, buffer fluid, and drill cuttings [13]. The drilling mud is selected based on the geological conditions of the producing formation and the physical and chemical properties of the hydrocarbons [14]. Drilling muds are classified into aqueous (highly colloidal clay or polymer muds), oil (diesel fuel or crude oil), pneumatic (compressed dry air, natural gas, aerosol, or foamed gas) and synthetic (vegetable esters, olefins, linear paraffins, simple esters, or acetals) [15,16,17,18]. The buffer fluid is similar in composition to the drilling mud and is intended for cleaning the wellbore before plugging it [19]. Drill cuttings consist of drilled rock and saturating fluids.



The composition of the drilling mud includes a large number of reagents ensuring specific properties (density maintenance, rheological, thermal, and other properties): moisture and viscosity reducers, clay dispersion inhibitors, thermostabilizing agents, Ca2+ and Mg2+ binding ions, lubricants, emulsifiers, defoamers, pH regulators, H2S absorbers, fillers, etc. [15]. While some additives may not be inherently toxic, their interaction with formation minerals can yield poisonous substances, exemplified by the formation of harmful components when barite interacts with carbonates and chlorides. In addition to barium salts, heavy metals present in bentonite clays, such as lead, copper, zinc, nickel, cadmium, cobalt, antimony, tin, bismuth, and mercury [15], as well as silver, tungsten, iron, gold, and manganese [20], contribute to the toxicity of drilling muds.



According to [21], the toxicity of used drill cuttings is influenced by the concentration of polymers, heavy metal salts, and other additives. Notably, polyacrylamide (PAA), identified as the most hazardous polymer, exhibits carcinogenic properties due to the presence of unpolymerized acrylamide [22]. The accumulation and disposal processes can adversely affect the biosphere, water resources, soil, and flora, and may inhibit the sustainable development of promising regions of Russia [23,24,25]. Therefore, it is necessary to continue searching for more sustainable and cost-effective alternatives for drilling-waste processing [26].



Using a hydrocarbon field in the Khanty-Mansi Autonomous Okrug of Russia as a case study, the goal of this research is to identify flexible approaches to drill cutting utilization, assess their economic and environmental efficiency, and evaluate the effectiveness of employing drilling waste as a source for producing construction materials.



To achieve this goal, it is necessary to address a number of objectives:




	
Analyze the socio-economic indicators of the Khanty-Mansi Autonomous Okrug and identify the prerequisites for processing drilling waste into construction materials.



	
Determine the research methodology and gather initial data necessary for calculations.



	
Identify and compare the advantages and disadvantages of the options under analysis.



	
Formulate recommendations and suggestions for the development of effective drilling-waste utilization programs.









2. Literature Review


2.1. Current Situation


As of 2022, there are more than 1900 oil and gas fields in Russia (Figure 1) [27]. The Khanty-Mansi Autonomous Okrug and Samara Region host the largest number of fields, each with more than 250, while the Yamalo-Nenets Autonomous Okrug and the Republic of Bashkortostan feature over 150 fields each.



A substantial portion of these fields remains undeveloped, existing solely on company balance sheets, while those under development continue to undergo exploration [28,29]. In 2022, geological exploration witnessed an increase from 2021, resulting in a boost of 816 million tons in oil reserves (categories A + B1 + C1) and 828 billion m3 in natural gas reserves [30]. The major growth in oil reserves was accounted for by the Romashkinskoye and Novo-Yelkhovskoye fields in the Republic of Tatarstan (totaling 271 million tons) and the Petelinskoye and Priobskoye fields in the Khanty-Mansi Autonomous Okrug (totaling 40 million tons). Natural gas reserves saw a surge primarily in the Tambeyskoye and Pestsovoye fields in the Yamalo-Nenets Autonomous Okrug (411 billion m3) and the Chayandinskoye field in Yakutia (70 billion m3). As of the end of 2022, 34 new fields were discovered, with 6 being large, and the remainder classified as small or very small in terms of reserves. Consequently, exploration drilling and development drilling have maintained high levels, with development drilling reaching 28.4 million meters in 2022, an 8.8% increase from 2021 (Figure 2). Exploration drilling penetration for 2022 reached 1.06 million meters, a 26% increase from the previous year. According to Rosnedra forecasts, further growth in parametric drilling is anticipated in 2023, and, depending on sanctions, three drilling market development scenarios—basic, optimistic, and negative—are suggested. The Ministry of Energy assumed [31] that the drilling volumes in 2023 would grow as sophisticated technologies for enhanced oil recovery (EOR) were becoming unavailable. Thus, the volume of drilling waste will also either increase or remain at the same level. The Ministry of Energy states [31] that the first quarter of 2023 has already witnessed the drilling of 6.8 million meters in the development drilling sector alone, a 3.3% increase from the planned volume. According to the BCS Global Markets, the record for development drilling in Russia may be surpassed in 2023 [32].



Waste from hydrocarbon exploration and production operations mainly accumulates within major oil and gas production regions, including the Khanty-Mansiysk Autonomous Okrug (4.728 million tons), Yamalo-Nenets Autonomous Okrug (1.16 million tons), Republic of Tatarstan (0.728 million tons), and Republic of Bashkiria (0.322 million tons) [33]. According to the national register of waste-disposal facilities [34], the Khanty-Mansi Autonomous Okrug hosted the largest number of landfills and pits in 2022. Surgutneftegaz alone accounted for 111 facilities, with Lukoil managing another 74. Rosneft and Gazprom had 35 and 34 facilities, respectively (Figure 3).




2.2. Drilling-Waste Disposal Options


Given that drilling waste is a complex mixture, potentially including a wide array of chemicals, including heavy metals and their salts [35], improper handling can result in catastrophic environmental damage. Moreover, the utilization of drilling waste is often a resource-intensive and time-consuming process, particularly in regions with inadequate transport infrastructure where waste logistics costs can amount to as much as USD 230 per ton [36]. Additionally, in smaller-scale drilling operations, such as exploratory wells, the processes involved in cutting processing can prove economically inefficient [37]. Consequently, simpler and more cost-effective methods, such as disposal in pits and landfills, are commonly employed [38].



However, several oil and gas companies worldwide opt for alternative technologies that, despite their high costs and the need to use innovations, exhibit a less adverse environmental impact [39,40,41]. In general, drilling-waste management options can be classified into various categories (Figure 4).



Each method has its own advantages, disadvantages, and limitations. For example, offshore disposal is only possible for water-based drilling, while oil-based drilling requires re-injection or other treatment methods [51]. Biological methods are the least costly but require large areas and time investment [52]. Incineration and thermal methods are recommended for waste with high hydrocarbon content [53]. Regardless of the chosen method, considerations must include environmental risks, capital and operating costs, safety aspects, and adherence to regulatory guidelines. Table 1 describes the advantages, disadvantages, and limitations in more detail.




2.3. Extension of the Life Cycle of Waste


In the current environmental context, with increasing strain on the environment, there is a growing imperative to utilize production wastes [61]. Why not find a use for the mixture of rock, drilling mud, and formation fluids that have already been brought to the surface instead of dumping them? The answer to this question can be found in several economic and environmental considerations, as presented in Table 2.



In addition to these incentives, it is necessary to revise the existing legislation in the sphere of industrial waste management in Russia. In May 2023, the Russian Government issued Resolution No. 881 titled “On Approval of the Rules of Calculation and Collection of Charges for Negative Environmental Impact” [62], effective from September of the same year until 2029. This resolution marks the first important step towards regulating waste-disposal activities and introduces new rules for calculating and charging fees for negative environmental impact (NEI). Notably, high fees for failure to use waste in the natural resources sector (drilling waste falls into this category) within the established deadline serve as a compelling incentive for companies to reconsider their policies and proactively address waste utilization and disposal.



Despite these incentives, companies holding licenses for hydrocarbon exploration and production predominantly employ recycled drilling waste as an admixture for embankments and field roads [63]. Excess drilling waste remains directly at well drilling sites [55]. To avoid excessive waste accumulation, it is necessary to extend the life cycle of drilling waste. The most environmentally friendly, resource-efficient, and rational approach involves utilizing waste in the production of construction materials and products [64,65,66,67]. This method not only frees up territories designated for storing drill cuttings but also yields ecological and economic benefits from drilling pit elimination, simultaneously enhancing the environmental safety of mining and industrial territories. Utilization of third-class hazardous waste can yield construction products classified as fourth-class hazardous, underscoring the potential for environmentally responsible practices. Nevertheless, it is essential to ensure that materials and products derived from drilling waste adhere to established national or international regulations, such as GOST and ISO standards [68,69].



Currently, drilling-waste processing technologies enable the extraction of solid components for the production of construction and useful materials, including granular aggregate for concrete, soil for roads and drilling-site filling, ceramics, bricks, paving tiles, expanded clay, cinder blocks, boron stone, soil mixtures, and plant biostimulants, as well as materials used as proppants in hydraulic fracturing [70,71]. The liquid part yields purified drilling mud, some fuels, and road bitumen [72,73] (Figure 5).



The level of technology for processing drill cuttings is different in each country. In Russia, the main direction of drilling-waste processing on industrial scales is focused on the production of soil mixes. Nevertheless, there are numerous patent developments for the production of other products listed above: service companies are gradually setting up small-scale production facilities for recycling waste into building materials (bricks, cement, aggregates for concrete). Unfortunately, in the current conditions, technological barriers created by the difficult geopolitical situation can cause difficulties in the implementation of high-tech projects. In this case, however, there is an impetus to develop our own technologies [74].



Thus, the challenge in processing drill cuttings to produce construction materials lies in the high added value of the resulting products, primarily comprising the costs of waste transportation and processing [75]. Therefore, it is important to identify the conditions under which the use of drill cuttings as a raw material is justified.




2.4. Study Object and Market Analysis


The Khanty-Mansiysk Autonomous Okrug, ranking 9th in territorial area among Russian regions at 534.8 thousand km2 [76], is primarily characterized by extensive forest lands covering 53.65%, followed by surface waters, including swamps at 43.17%, and lands intended for agricultural use at 1.18%. The region’s low population density is a result of its unique territorial features. Nevertheless, according to Rosstat data, the population of the Khanty-Mansi Autonomous Okrug continues to grow.



As highlighted earlier, the volume of mining and exploration operations is increasing, leading to a rise in construction activities. In the first quarter of 2023 alone, expenditures on construction reached RUB 146.557 million (Figure 6).



This growth in construction works extends beyond the Khanty-Mansi Autonomous Okrug, also impacting neighboring regions.



As of the end of 2021, the share of investments in buildings and structures (except for residential) and land improvement was the largest (37%). By types of economic activity, as can be expected, the first place was occupied by mining (83%), with construction at 4%. A total of 0.2% is accounted for by water supply, wastewater disposal, waste collection and disposal, and activities to eliminate pollution.



By 2030, the target socio-economic indicators aim to increase the area occupied by residential buildings and the density of highways and hard-surface roads. The key target indicators for the development of the construction industry are outlined in Table 3.



The Strategy for Socio-Economic Development of the Khanty-Mansi Autonomous Okrug emphasizes that the socio-economic benefits from raw material extraction and construction material production will primarily be realized through tax deductions at all administrative levels of the region, ultimately improving the socio-economic living conditions of the population [77].



As of 2016, the region relies solely on sand production for its construction material needs, with 1575 deposits of commonly occurring minerals, including sand for planning works, construction sand, sand and gravel mixtures, building stone, clay rocks, brick clays, etc. However, the construction sector’s demand for materials, including crushed stone, gravel, Portland cement, building bricks, cement, and ceramic tiles, is in 100% deficit. A patent and literature review indicates that these materials can be produced from drill cuttings. Analysts forecast a growing demand for these materials (Figure 7) [78].



Investments in fixed capital to safeguard the environment from pollution caused by production and consumption waste have experienced a significant surge in the region from 2019 to 2022. This growth is attributed to the tightening of policies on industrial waste management (Figure 8).



The Khanty-Mansi Autonomous Okrug Natural Supervision Authority identifies the following key environmental problems associated with raw material extraction in the region [79]:




	
Air pollution from emissions and associated petroleum gas utilization;



	
Waste disposal and utilization problems;



	
Land and water pollution, including pipeline accidents and improper waste disposal;



	
Habitat destruction and negative effects on fauna and flora.








Despite these challenges, the resource base of the Khanty-Mansiysk Autonomous Okrug, particularly untapped mineral reserves and the potential resources represented by accumulated drilling waste, provide significant opportunities for the development of the construction materials sector. The northwest of the region, namely the Berezovsky, Sovetsky, Oktyabrsky, and Beloyarsky districts, possess the highest levels of untapped but in-demand reserves [78].



However, several factors in these areas act as constraints to regional development, especially hindering the growth of the construction materials sector:




	
Infrastructure limitations. Eastern districts, such as Surgut, Nizhnevartovsk, Nefteyugansk, and Khanty-Mansiysk, are the key consumers of construction materials, accounting for 86 to 90% of the total consumption in the region. These districts have better transport accessibility compared to regions with less developed construction materials sectors. Furthermore, remote territories from urbanized centers leads to possible obstacles with the energy supply [80];



	
Low labor potential, which, as noted above, is the result of low population density;



	
High investments and operating costs compared to the existing production capacities in the southern regions of the Urals and the Siberian Federal District.








Considering the gathered information, utilizing drilling waste as a resource for the production of construction materials in the Khanty-Mansiysk Autonomous Okrug emerges as a promising and relevant area of research. This makes it necessary to analyze the technological readiness of the industry for processing drilling waste, identifying the necessity to establish local production of building materials capable of competing in terms of cost and quality with imported goods.





3. Materials and Methods


3.1. Utilization Options


In the Khanty-Mansiysk Autonomous Okrug, drilling-mud disposal in oil and gas production is carried out in compliance with environmental and technical requirements. The most popular drilling-waste management schemes currently include:




	
The generated waste is transferred to waste recycling service companies for ownership and use. In the region, there are over 20 service companies that collect, transport, store, and recycle drilling waste [81].



	
Waste is disposed of at the drilling site in burial pits. Based on the analysis conducted above, it appears that the number of burial pits is high. This is due to various circumstances, such as economic, technical, technological, and environmental factors, which make it more rational for companies to dispose of waste by constructing burial pits.








Gradually, companies are introducing methods aimed at expanding the life cycle of drilling waste through recycling into building materials and soils [82,83] due to stricter environmental standards and control over industrial waste management, as well as growing public concern.



Therefore, to assess the viability of implementing drilling-waste management systems in hydrocarbon field development, a comprehensive analysis of four field development options is essential, each featuring distinct drilling-waste utilization options or scenarios (Table 4). The analysis of these four scenarios will help answer the question of whether waste recycling can really provide economic benefits to the company, and what it will hinge on, or whether it is better to apply traditional recycling options.



Analyzing the entire project lifecycle, from license acquisition and exploration to the final stage and field liquidation, would be impractical due to the complexity of assessing and calculating the impact of each utilization method. Therefore, it is more pragmatic to focus on the project phase with the highest drilling-waste generation, aligning with its processing and subsequent realization (depending on the scenario). Consequently, the project’s duration corresponds to the production drilling duration.



The field is developed by conventional waterflooding using a system of reservoir pressure maintenance. Accordingly, the drilling project involves both production and injection wells.



The calculation model is shown in Figure 9.



The following subsection will describe the basic notations and formulas used in developing the model for each scenario.




3.2. Initial Data and Descriptions


3.2.1. Determination of Production Profile and Number of Wells


1. When developing hydrocarbon field development models, the rules of project preparation are followed [84]. We will start by building the oil production profile:


   q  oil    t  =     k ⋅ IRRes ⋅ t , t <  t  in       k ⋅ IRRes ,  t  in   ≤ t ≤  t  in   +  t  max       k ⋅ IRRes ⋅ exp   − β ×   t −    t  in   +  t  max         ,    t  >  t  in   +  t  max       ,  



(1)




where qoil(t) is oil production by years, thousand tons; k is the relative value of annual withdrawal during the period of constant maximum production; IRRes is initial recovery resources, million tons; t is the current year; tin is the period of incremental production, years; tmax is the period of maximum production, years; and β is the production decline rate.



The required parameters for the production curve can be determined from the statistical data [85] presented in Table 5.



2. Next, we will find the number of wells that will be able to provide withdrawal during the period of maximum oil production [86]:


   n  pw   =   10  6  ⋅   k ⋅ IRRes ⋅  k  res     365 ⋅  k  expl   ⋅ q   ,  



(2)




where npw is the number of producing wells; kres is the well reserve coefficient; kexpl is the well operation coefficient; and q is the average flow rate of one well, tons per day.



3. The number of injection wells depends on the development grid and can be determined by Equation (3) [86]:


   n  iw   =  n  pw   ⋅ θ ,  



(3)




where niw is the number of injection wells and θ is the ratio of injection wells to production wells.



4. Current oil recovery factor [86]:


  η  t  =     ∑ t    q  oil    t      IRRes   ,  



(4)




where η(t) is the current oil recovery factor and     ∑ t    q  oil    t      is cumulative production for the current period, million tons.



5. The watercut of the field can be modeled by the empirical relationship [87]:


   S w   t  =     0 , η ≤  η 0      a ⋅    η  t  −  η 0    2  ,  η 0  ≤ η  t  ≤  η  avg       b ⋅ η   t   0.5   ,     η   avg   ≤ η  t  ≤  η  max       ,  



(5)




where Sw(t) is field watercut; η0 is the water-free oil recovery factor (0–0.1); ηavg is the oil recovery factor at the second stage (0.1–0.5); ηmax is the maximum oil recovery factor (0.5–0.7); and a and b are watercut curve parameters.



6. Water production by years, taking into account previous formulas:


   q w   t  =    S w   t    1 −  S w   t    ⋅  q  oil    t  ,  



(6)




where qw(t) is water production by years, thousand tons.



7. Displacement agent (water) injection volumes:


   q  inj    t  = 1.2 ⋅    q  oil    t  +  q w   t    ,  



(7)




where qinj(t) is water injection by years, thousand tons.



8. Well commissioning depends on maximum peak production and the average well flow rate. The first stage of development involves drilling at least 90% of the main well stock, with the remaining 10% to be drilled in the second stage [86].



9. The volume of drilling waste for each year is found using Equation (8):


  W =  n  pw   ⋅  M  pw   +  n  iw   ⋅  M  iw   ,  



(8)




where W(t) is the amount of drilling waste per year, thousand tons.; and Miw and Mpw are the volumes of drilling waste per production and injection well, respectively, thousand tons.




3.2.2. Macro Parameters and Fiscal Terms


1. Since the income part of the project is the received oil inflow (for the third option) and the cash inflow from the sale of construction materials, it is necessary to determine the value of crude oil sales on the domestic market:


  Netback =    C  oil   ⋅  K  barr   −  D  cust   −  C  other     ⋅ P ,  



(9)




where NetBack is the domestic sales price, RUB per ton; Coil is the Urals price, USD per barrel; Kbarr is the barrel coefficient equal to 7.2; Dcust is the custom duty, USD per ton; Cother is other costs, including those related to transportation to the commercial oil metering station and transshipment of crude oil, USD per ton; and P is the RUB/USD exchange rate, RUB/USD.



The exchange rate and oil price can be significantly affected by the geopolitical situation, which in turn can have a dramatic impact on the effectiveness of the project overall [88]. Therefore, it is essential to consider external changes and incorporate the corresponding risk values into the project model.



2. The discount rate is required to determine the time value of cash flows [89]. For oil and gas projects, the discount rate is determined using the WACC (Weighted Average Cost of Capital) or CAPM (Capital Assets Pricing Model) models [90]. Oil and gas companies often have internal documents and charters that justify the choice of a discount rate. In general, the discount rate consists of a risk-free (base) rate and a premium for the risk component (country risk, industry risk, risk associated with poor corporate governance, risk associated with the illiquidity of the issuer’s shares, etc.) [91].



3. In the production of hydrocarbons, the largest percentage of operating costs is in tax deductions [92]. Mineral extraction tax is determined in accordance with Article 342 of the Tax Code of the Russian Federation:


  MET =  q  oil   ⋅    B  oil   ⋅    C  oil   − 15   ⋅  P  261   −  D M    ,  



(10)




where MET is the mineral extraction tax, million RUB; Boil is the prime rate of mineral extraction tax on crude oil, RUB 919 per ton; and DM is the coefficient characterizing oil production peculiarities:


   D M  =  K  MET   ⋅      C  oil   − 15   ⋅  P  261     ⋅   1 −  K  depl   ⋅  K 1  ⋅  K 2  ⋅  K 3    −  K 4  ,  



(11)




where KMET is RUB 559 per ton; K1, K2, and K3 are equal to 1; K4 is RUB 428 per ton; and Kdepl is the reserve depletion rate:


   K  depl   =     1 ,    η  < 0.8     3.8 − 3.5 ⋅ η ,    η  > 0.8     ,  



(12)




where Kdepl is the depletion coefficient.




3.2.3. Capital and Operating Expenditures


Depending on the choice of scenario, the structure of capital and operating costs will differ. The list of capital and operating costs that are relevant for each scenario is presented in Table 6, and the costs that will be different are presented in Table 7.




3.2.4. Mathematical Representation of the Model—Estimation of Economic Efficiency


1. Capital expenditures for drilling wells can be summarized as follows:


  CAPEX =       0.001 ⋅    C  drill   +  C  treat       ⋅    H  pw   ⋅  n  pw   +  H  iw   ⋅  n  iw     +  C f  ,    for   Basic   scenario      0.001 ⋅  C  drill   ⋅    H  pw   ⋅  n  pw   +  H  iw   ⋅  n  iw     +  C f   ,   for   1 st     scenario      0.001 ⋅  C  drill   ⋅    H  pw   ⋅  n  pw   +  H  iw   ⋅  n  iw     +    C f  −    C  roads   +  C  pads     ⋅ α   +  C  onsite    ,   for   2 nd     scenario      0.001 ⋅  C  drill   ⋅    H  pw   ⋅  n  pw   +  H  iw   ⋅  n  iw     +  C f  +  C  offsite    ,   for   3 rd     scenario      ,  



(13)




where CAPEX is capital expenditures of the project, million RUB; Cdrill is the cost of drilling 1 m of a well, thousand RUB per meter; Ctreat is the cost of cutting utilization included in drilling costs, thousand RUB per meter; Cf is the value of field production facilities, million RUB; Hpw and Hiw are the depths of the production and injection well, respectively, m; Croads and Cpads are the costs of construction of haul roads and well pads, respectively, million RUB; α is the coefficient of reduction in the cost of bulk facilities due to the use of recycled drill cuttings; Consite is the cost of installations for mud processing on site, million RUB; and Coffsite is the cost of production expansion at the construction materials plant, million RUB.



2. Operating costs


  OPEX =     Current + Tr + D + Ins + Land + MET ,    for   Basic   scenario      Current + Tr + D + Ins + Land + MET + NEI +  Treat ,   for   1 st     scenario      Current + Tr + D + Ins + Land + MET +  Tr  onsite    ,   for   2 nd     scenario      Current + Tr + D + Ins + Land + MET +  Tr  offsite   +  R ,   for   3 rd   scenario      ,  



(14)




where Current is current costs, million RUB; Tr is transportation costs, million RUB; D is amortization, million RUB; Ins is insurance costs, million RUB; Land is payment for land use; million RUB; NEI is payment for negative environmental impact, million RUB.; Treat is costs of construction and reclamation of pits, million RUB.; Tronsite is transportation costs for moving drill cuttings from the field to accumulation sites, million RUB; Troffsite is transportation costs to the factory, million RUB; and R is costs of processing cuttings into construction materials, million RUB.



The cost of transportation from the field to the plant can be calculated based on the cost of truck rental and diesel fuel:


    Tr   offsite   = 0.365 ⋅  n  auto   ⋅     rent   auto   + 0.001 ⋅  q  df   ⋅  c  df   ⋅ 2 ⋅  n  trail   ⋅ s   ,  



(15)




where rentauto is the cost of truck rental, thousand RUB per day; qdf is diesel consumption, liters per 100 km; cdf is the cost of diesel fuel, RUB per liter; ntrail is the number of trips per day; s is the distance from the field to the plant, km; and nauto is the required number of trucks, calculated as:


   n  auto   =     1000 ⋅ W   365 ⋅  n  trail   ⋅ g     ,  



(16)




where g is the load capacity of one truck, tons.



In Russia, according to the Federal Classification of Wastes, drilling wastes belong to hazard categories 3, 4, or 5 [33]. Each hazard category corresponds to a waste-disposal rate in the territory of the company’s business activities (Table 8).



Payment for negative environmental impact is charged on the amount of drill cuttings remaining at the end of the year:


  NEI = 0.001 ⋅ Rate ⋅   coef  1  ⋅   coef  2  ⋅   coef  3  ⋅    W     start   of   the   year    −  W   end   of   the   year      ,  



(17)




where Rate is the waste-disposal rate, RUB per ton; coef1, coef2, and coef3 are coefficients determined by the Resolution of the Russian Federation [99]; Wstart of the year is the amount of drilling waste at the beginning of the year, thousand tons; and Wend of the year is the amount of drilling waste at the end of the year, thousand tons.



3. Revenues from domestic sales of crude oil and sales of construction materials


  Revenue =     0.001 ⋅  q  oil   ⋅  Netback ,   for   Basic ,   1 st   ,   2 nd     scenarios      0.001 ⋅  q  oil   ⋅ Netback + β ⋅ W ⋅    w  brick   ⋅  c  brick   +  w  cement   ⋅  c  cement   +  w  soil   ⋅  c  soil      ,   for   3 rd     scenario      ,  



(18)




where Revenue is the revenue from product sales, million RUB; β is the degree of drill cutting processing; wbrick, wcement, and wsoil are the shares of mud being processed into bricks, cement, and road soil, respectively; cbrick, ccement, and csoil are the market values of bricks, cement, and road soil, thousand RUB per ton.



4. Balance profit, taxable profit, and net profit are calculated as follows:


    Profit   balance   = Revenue − VAT − OPEX ,  



(19)




where Profitbalance is balance profit, million RUB and VAT is value added tax, million RUB.


    Profit   taxable   =   Profit   balance   −   Tax   property   ,  



(20)




where Profittaxable is taxable profit, million RUB and Taxproperty is property tax, million RUB.


    Profit   net   =   Profit   taxable   −   Tax   profit   ,  



(21)




where Profitnet is net profit, million RUB and Taxprofit is profit tax, million RUB.



5. Cash flow, discount factor, and economic performance indicators are calculated as follows:


  CF =   Profit   net   − CAPEX + D ,  



(22)




where CF is the cash flow, million RUB.


   K  disc   =  1      1 + r    i    ,  



(23)




where Kdisc is the discount factor and r is the discount rate; i is the period number.


  NPV = − CAPEX +   ∑  t = 1  n     CF  t  ⋅  K t  disc     ,  



(24)




where NPV is net present value, million RUB; t is the period number; and n is project duration, years.



If NPV is positive, it means that the project will make a profit, and the higher the NPV value, the more lucrative the project is.


  0 = NPV = − CAPEX +   ∑  t = 1  n       CF  t        1 + 0.01 ⋅ IRR    t      ,  



(25)




where IRR is the internal rate of return, %.



A project is accepted if IRR > r. If IRR = r, then the project is able to recover the invested capital and provide the necessary income on this capital. If IRR < r, then the project is unprofitable.


  DPP =   DPP   t − 1   −     NPV   t − 1       NPV  t    ,  



(26)




where DPP is the discounted payback period of investments, years.


  DPI = 1 +   NPV   CAPEX   ,  



(27)




where DPI is the discounted profitability index.



The project is accepted if DPI > 1. Otherwise, the project is unprofitable, and at DPI = 1, the net discounted income is zero.



In addition to the highlighted indicators, it is possible to assess the cash flows from the implemented methods of utilization and to estimate the environmental effect:


    Ecol   effect   = Dam −   OPEX   Ecol   ,  



(28)




where Ecoleffect is the environmental effect measured by the difference between the prevented damage and the cost of drilling-waste utilization operations, million RUB; OPEXEcol is operating costs of measures associated with the utilization of lignite waste, million RUB; and Dam is prevented damage, million RUB, which is determined according to the methodology [104]:


  Dam =     ∑  i = 1  n    W i  ⋅  T i      ⋅  K  land   ⋅  K  topsoil   ,  



(29)




where Wi is the amount of waste of one hazard class, thousand tons; T is the tax charged for each ton of disposed waste causing damage to soils as an object of environmental protection (54,000 RUB per ton for waste hazard class III and 13,000 RUB per ton for waste hazard class IV); Kland is the coefficient taking into account land category (from 1 to 2); and Ktopsoil is the coefficient taking into account the thickness of fertile soil (from 1 to 8).






4. Results


Calculations were made for an oil field with initial recoverable oil reserves of 30 million tons. The well stock required to achieve the projected oil recovery rate is 246 production wells and 82 injection wells. Technological indicators are detailed in Table 9.



It takes four years to reach peak production, which lasts for five years. Wells are commissioned during years of increasing production, constituting 90% of the total well stock. During peak production, the remaining 10% is commissioned. The cumulative waste generated amounts to 757.7 thousand tons.



Capital investments in drilling, infrastructure facilities, and additional production facilities by options are presented in Table 10.



In all the scenarios under consideration, approximately 92–93% of costs are accounted for by well drilling. Investment in waste-management facilities solely constitutes 3.13% for the baseline scenario, 0% for the first scenario, 0.33% for the second scenario, and 0.61% for the third scenario.



The operating costs for the first ten years of the project are summarized in Table 11.



Operational costs are highest for the third scenario, primarily due to transportation costs and waste-treatment expenses at the plant. Conversely, scenario 1 has the lowest operational costs, where utilization through the construction and reclamation of mud pits is the prevailing and cost-effective waste-management practice [105].



According to the payback schedule (Figure 10), the third scenario pays off faster than the others, yet none of the projects turns a profit within the 10-year timeframe. The reason is that the capital costs for drilling are too high and will not be recouped within 10 years despite the oil inflow.



Economic efficiency indicators for a period of 10 years are presented in Table 12.



From the table, it is evident that the project in the third scenario holds the most promise under the given conditions. Naturally, the model inherently encompasses numerous variations, and the data used in calculations may fluctuate within a broad range. Consequently, it is imperative to assess the risk component, which can be quantitatively evaluated through sensitivity analysis (Figure 11). This approach enables the identification of parameters significantly influencing project performance [106].



For the baseline scenario, the impact of hiring a company is less pronounced than the investment in field facilities. As drill cutting volume increases, project efficiency diminishes for the baseline, first, and second scenarios. In contrast, the efficiency for the third scenario increases.



Environmental damage avoided under these conditions totals 14,677.1 million RUB. The environmental efficiency for each project is as follows:




	
Baseline scenario—RUB 18,714.7 million;



	
1st scenario—RUB 17,378.3 million;



	
2nd scenario—RUB 16,954.7 million;



	
3rd scenario—RUB 14,677.1 million.








The lower the index, the higher the value of operating costs associated with cutting utilization.



At this stage of the study, it can be inferred that despite the fact that the projects under analysis do not pay back in ten years, there exist prerequisites for efficiency growth through the introduction of programs to recycle drill cuttings into construction materials.




5. Discussion


It is deemed impractical to solely rely on tax rate increments and penalties as incentives for companies, as there is a considerable risk of “artificial underestimation” of waste hazard categories or the transfer of waste usage rights to service companies (which is discussed in the new Resolution [62]). Recognizing this, the formula for waste-disposal charges has undergone modifications, introducing incentive coefficients (KOD, KPO, and KIND) determined by the Federal Law “On Environmental Protection”. To prevent an increase in illegal actions by waste-management companies, possibly leading to tax evasion, it is crucial not only to penalize or reduce fees for waste disposal but also to consider rewarding or subsidizing their beneficial use. This approach would motivate companies to adhere to proper waste-treatment methods and actively engage in producing end products.



Thus, it is worthwhile to focus on the project following the 3rd scenario, isolating cash flows related to drilling-waste utilization processes (Figure 12). Project costs encompass capital expenditures for plant construction and operational expenses for waste transportation and processing at the plant. The revenue side includes the sale of construction materials at market prices.



As can be seen from the graph, the project achieves payback in eight years. Collaboration between businesses and government [107] can improve project efficiency through incentives such as benefits for the use of best available technologies (BAT) [108] or special investment contracts (SPIC) [109]. For instance, benefits under special investment contracts may manifest as reduced profit or property taxes. If the project’s technological indicators align with the best available technology, benefits such as accelerated depreciation on fixed assets, with a maximum coefficient of 2, can be obtained. The assessment of these incentives is illustrated in Figure 13.



Reducing the profit tax from 20% to 10% enables the project to pay off in less than 4 years, yielding an NPV of RUB 49.3 million (7 times higher than without incentives). Due to accelerated depreciation, the project takes slightly longer to pay off, resulting in an NPV of RUB 39.9 million. Reducing the profit tax rate allows the project to pay off in 4.6 years with a final NPV of RUB 34.1 million.



Nevertheless, it is important to estimate parameters such as the minimum commercial volume of drill cuttings (MCV), which is the volume of cuttings at which the NPV of the project will be equal to 0, as well as the minimum commercial distance from the field to the plant (MCD) (Figure 14).



Since oil and gas fields vary in terms of reserves and there may be both large and small fields in the same area, the volumes of drill cuttings will therefore vary greatly. As we have explained above, the efficiency of a waste-to-construction project directly depends on the volume of waste. In the model, we use drill cuttings from one field, the MCD from the field to the plant is 106 km, and the MCV of drill cuttings is 2290 tons from one well on average. Considering that if the cuttings from one field are insufficient, but there are other fields within the minimum commercial distance, constructing the plant remains economically justified. However, the construction of new infrastructure in less developed areas with harsh climatic conditions may complicate and increase the cost of the project. It is essential to incorporate into the model the dependency of investment value on the distance to more populated areas in the region. This challenge can be fulfilled by applying the geoinformation system and modelling the functional relationship between the coordinates of the processing site and two parameters: MCD and MCV [110].



The transportation of mud over long distances from the field poses a serious logistical challenge. In the resource-intensive project of hydrocarbon field development, the need for substantial logistical support is particularly crucial in the initial stages. Hence, transporting drill cuttings outside the field territory allows the utilization of leased trucks for waste transportation, catering to the material requirements of field construction and resulting in savings through well-considered logistics.



Additional questions arise about waste management in the fields of Western Siberia. The swampy terrain, permafrost soils, and the frequent use of trucks may lead to problems such as erosion and soil degradation [111,112]. Maintenance of well pads and in-field embankment roads becomes necessary. Therefore, utilizing drill cuttings as a resource for repairing well pads and roads emerges as an effective solution, warranting further investigation.




6. Conclusions


As urbanization expands and the demand for hydrocarbons persists, the generation of drilling waste intensifies, imposing a growing burden on the environment. To mitigate the anthropogenic impact on the environment, a resource-efficient approach to production waste management is crucial. In this study, a feasibility assessment of four scenarios for drilling-waste utilization in the field was conducted, accompanied by an evaluation of the environmental impact. A model for assessing and calculating alternatives for drilling-waste management was developed.



The following conclusions and suggestions emerge from the research carried out:




	
Considering the model and given conditions, the most economically effective approach was the fourth scenario, which involves the processing of waste into construction materials with subsequent market sales. The minimum commercial distance and volume of waste were calculated for this option, facilitating the design of the plant’s location and required capacity. Additionally, if waste from a single deposit proves insufficient, combining production facilities from nearby waste sources can expedite the plant’s investment recovery.



	
The third scenario also has a potential for realization, as oil and gas field development is a resource-intensive project. The construction of field development facilities requires a large list of both construction materials and energy resources, making it viable to convert drilling waste into materials for road and well pad repairs, fuel, or hydraulic fracturing materials.



	
In addition to the economic aspect, the prevented damage and the environmental effect of the implemented measures have been assessed.



	
Collaborative efforts between companies and the state can result in tax benefits, reduced rates, subsidies, and other incentives. Based on the research findings, brief proposals for the development of drilling-waste management activities for both companies and the state can be given:




	
First of all, when designing oil and gas projects, waste-disposal facilities or sites for their treatment and processing should be included in the construction.



	
Possible alternatives for waste utilization should be analyzed based on minimum commercial waste volumes.



	
When constructing field development facilities, drilling-waste recycling products should be used.



	
It is advisable to issue more regulations covering the use of waste and recycled products and ensure stricter supervision over the licensed activity and use of waste processing and disposal technologies.













Future studies are planned to delve deeper into the possibilities of using drilling waste on site and to analyze the combined use of other waste sources, such as municipal solid waste and food industry waste, along with drilling waste.
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Figure 1. Russian oil and gas fields. Adapted from [27]. 
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Figure 2. Drilling volumes by year, million m. Adapted from [31,32]. 
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Figure 3. Drilling-waste disposal sites on the territory of the Khanty-Mansiysk Autonomous Okrug. Adapted from [34]. 
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Figure 4. Drilling-waste management options. Adapted from [42,43,44,45,46,47,48,49,50]. 
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Figure 5. Useful products from drilling waste. Adapted from [70,71,72,73]. 
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Figure 6. Construction volumes, million RUB. Adapted from Rosstat. 






Figure 6. Construction volumes, million RUB. Adapted from Rosstat.



[image: Resources 13 00026 g006]







[image: Resources 13 00026 g007] 





Figure 7. Construction materials imported from other Russian regions. 
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Figure 8. Investments in environmental measures against pollution caused by production and consumption waste. 
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Figure 9. Model design. 
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Figure 10. Project payback schedule for four scenarios. 
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Figure 11. Sensitivity analysis. 
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Figure 12. Payback schedule according to the 3rd scenario, without taking into account the development of the field. 
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Figure 13. Comparison of payback periods depending on incentives. 
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Figure 14. The minimum commercial distance from the field to the plant. 
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Table 1. Advantages, disadvantages and limitations of drilling-waste disposal methods.
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	Method
	Advantages
	Disadvantages
	Limitations
	Source





	Discharge
	
	
Much more cost-effective than transporting and disposing waste onshore.



	
Reduction of leakage risks during waste transportation.



	
Allows continuous drilling without the need for frequent interruptions to transport cuttings to shore—a critical feature when drilling in deep water or in Arctic climates.





	
	
Can have negative effects on marine life and ecosystems (smothering the seabed and impacting water quality).



	
Strict regulations can result in fines and penalties.



	
Offshore discharge of drill cuttings can be seen as harmful to the environment and can attract negative attention from the public and environmental groups.





	
	
Accurate monitoring of the environmental impact can be difficult.



	
May be the only viable option for drill cutting disposal in some regions.



	
Uncertainties about the long-term effects of offshore disposal of drill cuttings on marine ecosystems.





	[42,54]



	Cutting re-Injection
	
	
Cost-effective compared to onshore transport; absence of drilling downtime.



	
Reduced negative impact on the ecosystem and marine habitat through zero waste discharge.





	
	
Risk of fracturing during injection, increased energy consumption.



	
Mandatory need for suitable geological conditions.





	
	
Requirement of dedicated injection equipment and infrastructure.



	
Requires monitoring and management to ensure compliance with regulatory requirements and to mitigate potential environmental and technical risks.





	[37,39,49]



	Burial pits
	
	
Cost-effective due to on-site utilization and simplicity of technology.



	
Possibilities for future application.





	
	
The dangers of soil and groundwater pollution, excessive accumulation of waste, and tax payments and fines.



	
Limitations on available land and potential conflicts with other uses.





	
	
Companies must consider long-term disposal and closure plans to avoid future issues.



	
Requires careful monitoring and management.





	[13,46,55]



	Stabilization and solidification
	
	
Renders waste non-hazardous, minimizing the environmental impact.



	
Significantly reduces the volume of drill cuttings.





	
	
Process requires specific expertise, equipment, and reagents, adding complexity and potential cost barriers.



	
Poses a risk of leaching hazardous substances into the environment.





	
	
Effectiveness may vary depending on the geology of the drilling location.



	
Monitoring and maintenance may be necessary to ensure the long-term stability and effectiveness of the treated cuttings, adding to the ongoing management requirements.





	[46,56]



	Incineration
	
	
Significantly reduces the volume of drill cuttings.



	
Effectively eliminates hazardous and organic materials.



	
Provides an opportunity for waste-to-energy conversion and reduces the overall environmental footprint.





	
	
The process releases air pollutants, including particulate matter, nitrogen oxides, volatile organic compounds, and carbon dioxide.



	
The presence of ash or other residues may require additional disposal considerations.





	
	
High energy and cost consumption.



	
Requires specialized equipment, permitting, and compliance with regulatory standards, increasing operational complexity and potential costs.



	
Energy recovery potential of incineration may not always offset the energy consumption and costs.





	[57]



	Thermomechanical treatment and thermal desorption
	
	
Effective removal of hydrocarbons and other contaminants.



	
Significant reduction in the volume of drill cuttings, which leads to easier and more cost-effective treating.



	
Reuse of recovered products in certain applications.





	
	
Requires substantial energy input, specialized equipment, and technical expertise.



	
High capital cost.



	
Requires highly skilled personnel and monitoring of resulting products.





	
	
Due to the potential for air emissions and by-product disposal, there may be strict regulatory requirements and permitting processes.



	
Increased dependency on investment operating costs.





	[37,49,58,59]



	Vibroacoustic methods
	
	
Effective separation of drilling cuttings from drilling fluids, allowing for the re-use or recycling of the fluids.



	
Minimization of the discharge of contaminated fluids into the environment.





	
	
Requires specialized equipment and expertise.



	
Regular maintenance to ensure proper operation, which can lead to additional costs and downtime.





	
	
The technology may still be relatively new and may not yet have been widely adopted or proven in all drilling scenarios, which can limit its widespread use.





	[60]



	Bioremediation and other biological methods
	
	
Environmentally friendly disposal options.



	
Minimization of the use of harsh chemical additives.



	
Biodegradation of organic materials can contribute to soil improvement, potentially allowing reclamation and reuse of affected land after drilling.





	
	
Long period of utilization.



	
Careful monitoring and management required.



	
The success of biological treatment can be affected by site-specific factors (temperature, soil composition, and available nutrients for microorganisms).





	
	
The scale of drilling operations and the volume of cuttings to be treated may impact the applicability and efficiency of biological treatment methods.





	[47,52]










 





Table 2. Incentives to recycle and utilize drilling waste.
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	Environmental
	Economic





	1. Reducing the load on the environment by preserving natural landscapes.

2. Preserving materials.

3. Preserving sand and gravel pits for backfilling and road construction.

4. Reducing industrial waste.
	1. Reducing tax payments for waste disposal.

2. Saving on the use of consumables.

3. Reducing costs for the transportation of sand and gravel to the drilling site.

4. Generating and selling a useful product (construction materials).










 





Table 3. Key target indicators for the development of the construction industry.
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	Target
	2020
	2030





	Number of innovation-driven businesses in the field of

building materials and construction
	11
	30



	Number of construction companies demonstrating growth

in shipped products
	2
	10



	Investments in fixed assets (construction), million RUB
	26,700
	40,000



	The output of dry construction mixtures, thousand tons
	50
	80



	Cement, thousand tons
	1450
	2500










 





Table 4. Options for analysis.
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	№
	Utilization Options
	Brief Description
	CAPEX
	OPEX





	0
	Hiring a company for recycling.
	Basic option. Utilization costs are included in drilling costs (on average, utilization costs amount to 5% of the total well costs, or up to RUB 3000 per ton of waste).
	+
	−



	1
	On-site disposal of drilling waste in burial pits.
	Disposal costs consist of the NEI fee (at the rate for each ton of cuttings) and costs associated with the construction and reclamation of pits).
	−
	+



	2
	In-situ disposal of waste and its use as a base material for road and well pad fillings.
	Costs associated with equipment procurement and waste processing.
	+
	+



	3
	Waste recycling to produce construction materials.
	Costs include transportation costs to the recycling site and costs of installation and recycling of waste into construction materials.
	+
	+










 





Table 5. Field development parameters based on IRRes.
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	IRRes, Million Tons
	k
	tin, Years
	tmax, Years
	tfall *, Years





	Higher than 60
	0.03
	5
	7
	30



	From 15 to 60
	0.05
	4
	5
	25



	Lower than 15
	0.07
	3
	3
	25







* tfall—falling production period.













 





Table 6. Costs relevant for each scenario.
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	Type of

Expenditures
	Description





	CAPEX
	
	
Well drilling




	1.1.

	
Production wells




	1.2.

	
Injection wells









	
Development facilities




	2.1.

	
Oil production and reagent injection equipment




	2.2.

	
Oil gathering and transportation




	2.3.

	
Automation and telemechanics




	2.4.

	
Electricity supply




	2.5.

	
Water supply




	2.6.

	
Material procurement and production support




	2.7.

	
Reservoir pressure maintenance system




	2.8.

	
Oil treatment unit




	2.9.

	
Power generation facilities




	2.10.

	
Haul roads




	2.11.

	
Winter roads




	2.12.

	
Well pads




	2.13.

	
Unforeseen costs




	2.14.

	
Environmental protection measures














	OPEX
	
	
Operating costs




	1.1.

	
Maintenance of production wells




	1.2.

	
Maintenance of injection wells




	1.3.

	
Labor costs




	1.4.

	
Oil and gas gathering and transportation




	1.5.

	
Repair of production and injection wells




	1.6.

	
Oil processing




	1.7.

	
Energy for oil recovery




	1.8.

	
Displacing agent pumping




	1.9.

	
EOR costs









	
Oil transportation costs



	
Depreciation



	
Insurance costs



	
Land fees



	
MET












The estimation of capital and operating costs is based on information from previously developed fields [93,94,95,96,97].













 





Table 7. List of additional expenditures.
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Scenario

	
Type of Expenditures

	
Description

	
Source






	
0

	
CAPEX

	

	
Cutting disposal costs included in the cost of well construction (the company’s payment for each ton of waste generated).






	
[98]




	
OPEX

	
None

	




	
1

	
CAPEX

	
None

	




	

	
OPEX

	

	
Fee for waste disposal in burial pits.



	
Construction and reclamation of burial pits.






	
[70,99,100]




	
2

	
CAPEX

	

	
Cutting processing units at the field (block filter presses).



	
Cost reduction due to the resulting material savings:




	2.1.

	
Haul roads;




	2.2.

	
Winter roads;




	2.3.

	
Well pads.












	
[101]

Calculated




	

	
OPEX

	

	
Transportation of drilling waste to the site of accumulation in the field.



	
Mud processing at the field.






	
[65,102]




	
3

	
CAPEX

	

	
Building a plant for processing drilling waste and manufacturing construction materials.






	
[103]




	

	
OPEX

	

	
Transportation of drilling waste to the nearest construction materials manufacturing plant.



	
Waste processing at the facility and producing the end product.






	
[36,103]











 





Table 8. Rates for waste disposal depending on the category of hazard.
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	Hazard

Category
	Description
	Rate, RUB per Ton





	III
	Moderately dangerous. Disturbing to the environment. A recovery time of 10 years.
	1327.0



	IV
	Low hazard. Low impact. A recovery time of more than 3 years.
	663.2



	V
	Harmless. Almost non-threatening. Threat to the environment is close to zero.
	1.1







Adapted from [70,99].













 





Table 9. Technological indicators.
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Period

	
Oil

Extraction

	
Fluid

Extraction

	
Water

Injection

	
New

Production Wells

	
New

Injection Wells

	
Producing Well Stock

	
Injection Well Stock

	
Waste

Generation




	
Year

	
th. Tons

	
th. Tons

	
th. Tons

	
qty

	
qty

	
qty

	
qty

	
th. Tons






	
0

	
0.0

	
0.0

	
0.0

	
0

	
0

	
0

	
0

	
0.0




	
1

	
375.0

	
375.0

	
450.0

	
54

	
18

	
54

	
18

	
166.3




	
2

	
750.0

	
750.0

	
900.0

	
54

	
18

	
108

	
36

	
166.3




	
3

	
1125.0

	
1133.0

	
1359.6

	
54

	
18

	
162

	
54

	
166.3




	
4

	
1500.0

	
1602.0

	
1922.4

	
54

	
18

	
216

	
72

	
166.3




	
5

	
1500.0

	
1822.3

	
2186.8

	
6

	
2

	
222

	
74

	
18.5




	
6

	
1500.0

	
2296.0

	
2755.2

	
6

	
2

	
228

	
76

	
18.5




	
7

	
1500.0

	
3513.6

	
4216.3

	
6

	
2

	
234

	
78

	
18.5




	
8

	
1500.0

	
5690.5

	
6828.6

	
6

	
2

	
240

	
80

	
18.5




	
9

	
1500.0

	
7177.8

	
8613.4

	
6

	
2

	
246

	
82

	
18.5




	
10

	
1228.1

	
7357.4

	
8828.9

	
0

	
0

	
246

	
82

	
0.0











 





Table 10. Capital expenditures, million RUB.
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	Cost Items
	0
	1
	2
	3





	1. Well drilling
	79,567.9
	76,916.0
	76,916.0
	76,916.0



	1.1 Production wells
	59,675.9
	57,687.0
	57,687.0
	57,687.0



	1.2 Injection wells
	19,892.0
	19,229.0
	19,229.0
	19,229.0



	cutting disposal included in the cost of drilling
	2651.9
	0.0
	0.0
	0.0



	2. Field development facilities
	5163.3
	5163.3
	5021.6
	5163.3



	Cost items 2.1–2.9
	4357.9
	4357.9
	4357.9
	4357.9



	2.10 Haul roads
	229.6
	229.6
	114.8
	229.6



	2.11 Winter roads
	45.0
	45.0
	22.5
	45.0



	2.12 Well pads
	6.6
	6.6
	3.3
	6.6



	2.13 Cutting processing unit
	0.0
	0.0
	131.2
	0.0



	2.14 Unforeseen costs
	232.0
	232.0
	231.5
	232.0



	2.15 Environmental protection measures
	292.3
	292.3
	291.7
	292.3



	3. Cutting processing plant
	0.0
	0.0
	0.0
	500.0



	Total
	84,731.2
	82,079.3
	82,068.8
	82,579.3










 





Table 11. Operating expenditures, million RUB.






Table 11. Operating expenditures, million RUB.












	Cost Items
	0
	1
	2
	3





	1. Cost items 1,2,4–6
	315,998.7
	315,998.7
	315,998.7
	315,998.7



	2. Depreciation
	84,731.2
	82,079.3
	82,068.8
	82,579.3



	3. NEI (waste disposal) fees
	
	227.6
	
	



	4. Cutting utilization through reclamation
	
	1136.5
	
	



	5. Cutting transportation to the site of accumulation
	
	
	151.5
	



	6. On-site cutting processing
	
	
	1363.8
	



	7. Cutting transportation to the plant
	
	
	
	556.9



	8. Cutting processing at the plant
	
	
	
	3030.7



	Total
	400,729.9
	399,442.2
	399,582.9
	402,165.6










 





Table 12. Economic efficiency indicators.






Table 12. Economic efficiency indicators.





	Indicator
	0
	1
	2
	3
	Limits





	NPV, million RUB
	−3374.3
	−1466.7
	−1666.8
	−792.4
	≥0



	IRR, %
	15.99
	16.51
	16.45
	16.70
	≥16.93



	DPP, years
	13
	12
	12
	12
	≤10



	DPI
	0.9602
	0.9821
	0.9797
	0.9904
	≥1
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