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Abstract 

This Masterôs thesis describes the concept development of a stimulation and 

well service vessel and the evaluation of its operational limits in Northern Caspian 

Sea conditions during a whole year of operation (all 4 seasons). Possible options and 

solutions are discussed on the basis of the analysis of world experience and existing 

technologies for similar conditions.  

An integrated approach for solving this problem includes three parts: 

¶ The selection of the optimum vessel, that can be specially constructed or 

upgraded to carry all the equipment, that is needed to ensure the successful down-

hole treatments in challenging marine and ice conditions.  

¶ The selection of the optimum deck equipment layout, which will satisfy the 

necessary parameters, such as vessel stability and efficiency for the chosen down-

hole operations technology.  

¶ Operational limits discussion and risk evaluation. Suggestion of effective 

mitigation measures. 

To solve this problem analysis of up-to-date technologies and several types of 

calculations were provided, relevant geographical, environmental and reservoir data 

was examined. The most attention was paid to vessel selection, vessel modelling and 

stability calculations, ice resistance evaluation. Modelling of a vessel was performed 

in the ñFree!Shipò software, ice resistance calculations are based on actual 

theoretical models. The obtained results were discussed and it was proven, that the 

chosen vessel is stable and can carry all the equipment, as well as that it can be used 

during harsh winter conditions. 

All calculations, analysis and proposed solutions were made in accordance 

with local rules and regulations. 

In conclusion, recommendations wrap up the thesis and summarize the whole 

research and key findings. 

The thesis was carried out in conditions of the limited initial data. The 

obtained results can be used for further concept development.  
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Introduction  

 

The Caspian region is rich in natural resources, which are represented by 

mineral, biological, agro-climatic, balneological and recreational components. 

Among the mineral resources, the special role belongs to the huge reserves of 

hydrocarbons ï oil, gas and gas condensate.  

First oil production began in the late XIX century on the shores of the Caspian. 

Then in the mid XX century, the Caspian shelf began to develop. At the end of XX 

- beginning of XXI century Caspian oil is experiencing a second birth. According to 

the prediction results there are 15-22 billion tons of oil and 12-18 trillion m3 of gas. 

Large fields such as Korchagin (Russia), Filanovsky (Russia), Kashagan 

(Kazakhstan), Shah Deniz (Azerbaijan), Hvalynskoe (Russia) were discovered on 

the Caspian shelf.  

Environmental conditions such as currents, waves, icing and unstable 

hydrological regime are considered as the most important factors affecting offshore 

field development and ice-resistant facilities design. Nevertheless, the operational 

skills in such conditions are still under development. Thus, modern oil and gas 

industry requires up-to-date technology and techniques. Each particular field is 

unique and should have an individual development approach. 

The most complete extraction of oil, gas and condensate is the main direction 

of rational use of mineral resources. Therefore, it is very important to use modern 

technologies of well service, stimulation of production and enhanced oil recovery 

methods. For offshore fields this problem is of outstanding importance.  

One of the main objectives of this paper is to select the most suitable 

stimulation and well service vessel and deck equipment layout for shallow waters of 

the Northern Caspian Sea and Filanovsky cluster of fields based on the world 

experience, environmental conditions and personal knowledge. This part includes 

operational limits analysis, ice resistance calculations for a vessel and stability 

modelling in ñFree!Shipò software. 



11 

 

Field development is always connected with the human intervention into the 

environment thus, it is necessary to follow all governmental regulations, which are 

also considered in this thesis. Consequently, second objective is to evaluate the risk 

and propose sufficient mitigation measures. 
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Thesis organization 

 

Chapter 1 (Geography and petroleum resources of the Caspian Sea) is an 

overview chapter. It includes information about geographical position; parameters 

such as area, depth and water volumes; petroleum resources potential and 

importance of the Caspian Sea. 

Chapter 2 (Environmental conditions of the Northern Caspian Sea) contains 

climate of the sea, its hydrologic characteristics, wave, currents, winds and ice 

conditions. It allows getting the most complete understanding of all environmental 

conditions, features and problems, which they can cause. 

Chapter 3 (Scope of use) defines the urgency of the problem and potential 

scope of use. In this chapter, the Filanovsky cluster of fields is observed and 

proposed as the best and most likely field of application. 

Chapter 4 (Main objects of the Filanovsky cluster of fields infrastructure) 

describes the existing and future infrastructure and field development layout. This 

chapter includes information about types of used platforms, transport systems and 

their location. 

Chapter 5 (Technology concept for a vessel for hydraulic fracturing) covers 

an integrated approach for hydraulic fracturing and well interventions for offshore 

oil and gas fields, which includes two main parts: selection of the optimum vessel; 

optimum down-hole technology and necessary equipment. Main advantages, 

difficulties and operational limits are discussed in the chapter. 

Chapter 6 (World experience). This chapter is about already conducted 

offshore operations in the world and introduces the potential of offshore down-hole 

treatments. Four projects were considered: Russia (Northern Caspian Sea), UAE 

(Offshore Abu Dhabi), India (Krishna Godavari Basin) and two specially built 

stimulation vessels (Baker Hughes Blue Dolphin and Blue Orca). 

Chapter 7 (Optimum vessel selection and analysis) describes limiting criteria 

and drivers for optimum vessel selection. Limitations were classified into first and 
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second order. Six types of vessels were compared by the variety of parameters and 

the most suitable was selected. 

Chapter 8 (Ship motions) gives the relevant theory for vessel motions analysis. 

Chapter 9 (Stability) includes general terms and theory for initial stability 

analysis. Special requirements of DNV and Russian Maritime Register of Shipping 

were considered and used in analysis. Model of the ship hull was made in the 

ñFree!Shipò Software and simulation was conducted. It is based on the default tug 

model and changed to suit the Arcticaborg parameters. Hydrostatics calculations 

were provided and cross curves of stability were obtained for further analysis. 

Chapter 10 (Sea ice aspects) introduces the basic theory about ice actions and 

mechanics. Main terms related to the ice physical and mechanical properties are 

revealed. Values for each parameter of the Caspian Sea ice obtained from the field 

studies are presented. On their basis, ice resistance calculations for different ice 

thickness conditions were made and obtained results were discussed. 

Chapter 11 (Optimum equipment selection and deck equipment layout) tells 

about types of proposed fracturing and other stimulation equipment. Limitations 

during design stage and recommended equipment layout on the deck. 

Chapter 12 (Health, safety and environment regulations (HSE)) contains 

definition of the structure of Russian normative base in the field of oil and gas 

industrial safety. Three types of Federal norms and rules for the HSE approved by 

Rostekhnadzor are considered and main terms are discussed in detail. 

Chapter 13 (Risk analysis) describes general risk classification and all risks, 

that can happen during operations execution. Risk analysis is obtained by two 

methods: risk matrix and bow-tie analysis. Mitigation measures are proposed in the 

chapter. 

Finally, conclusions and recommendations wrap up the thesis and summarize 

the whole research and key findings. 
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Chapter 1. Geography and petroleum resources of the Caspian Sea 

 

The Caspian Sea is a unique natural reservoir of our planet that lies between 

Azerbaijan, Iran, Kazakhstan, Russia and Turkmenistan with the surface area of 

379000 km2, a drainage area of a 3.5 million km2 and volume of 78000 km3 (see 

Figure 1.1).  Geographical coordinates of extreme points of the modern Caspian 

water area: in the north ð 47Á07' N, in the south - 36Á33' N, in the west - 46Á43' E 

and in the east ð 54Á03' E [21]. 

 

Figure 1.1 ï Map of the Caspian Sea. 

Source: [66]. 

 

The Caspian Sea is complicated reservoir with specific features. Level of the 

sea fluctuates about 27-28 meters below global ocean level. According to the 
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bathymetric features and morphological characters, the Caspian Sea conventionally 

separated into northern, central and southern basins. The average morphometric data 

corresponding to the modern sea level is provided in Table 1.1 [31]. 

 

Table 1.1 ï Morphometry of the Caspian Sea. 

Part Square, 103 km2 
Volume of water, 

km3 

Maximal 

depth, m 

Northern 104,6 0,49 11 

Central 138,2 26,75 788 

Southern 149,8 51,40 1025 

All sea 392,6 78,64 1025 

 

The Caspian Sea region is one of the oldest oil-producing areas in the world 

and is one of the most important sources of global energy production. The area has 

significant amounts of oil and natural gas from both onshore and offshore fields. 

Figure 1.2 shows main countries-producers and the total potential of the Caspian 

Sea. 

U.S. Energy Information and Administration (EIA) estimates that there were 

7.6 billion m3 of oil and 8.3 trillion m3 (tcm) of natural gas in proved and probable 

reserves within the basins that make up the Caspian Sea and surrounding area in 

2012. Offshore fields account for 41% of total Caspian crude oil and lease 

condensate (3.1 billion m3) and 36% of natural gas (3 tcm). In general, most of the 

offshore oil reserves are in the northern part of the Caspian Sea, while most of the 

offshore natural gas reserves are in the southern part of the Caspian Sea. EIA 

estimates another 3.2 billion m3 of oil and 6.9 tcm of natural gas in as yet 

undiscovered, technically recoverable resources. Much of this is located in the South 

Caspian Basin, where territorial disputes over offshore waters hinder exploration. 

According to EIA, the Caspian Sea region produced an average of 0,4 million m3 

per day of crude oil and lease condensate in 2012, around 3.4% of the total world 

supply [56]. 
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Figure 1.2 ï Potential of the Caspian Sea.  

Source: [45]. 
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Chapter 2. Environmental conditions of the Northern Caspian Sea 

2.1. Main parameters 

 

The typical environment conditions of the Northern Caspian Sea, which are 

used in further calculations, are given in the Table 2.1 [3]. 

 

Table 2.1 ï Main parameters of the Northern Caspian Sea. 

Parameter The North Caspian Sea conditions 

Latitude 47 ÁN 

Max. wind gust, m/s 40 

Average wind velocity, m/s 6 

Min. air temp., ÁC -38 

Average annual water temperature, ÁC 11-13 

Salinity, ppt 6-11 

Sign. wave height, m 5 

Max. current velocity, m/s 1.29 

Average current velocity, m/s 0.6 (at the sea level) 

Freezing up (average) 
Middle of November ï North East 

part 

Clearing (average) April  

Average open water, days 225 

Multi -year ice, % - 

Max. level ice thickness, m 0.9 

Rafted ice thickness, m 1.8 (twice level ice thickness) 

First-year ridge thickness, m from 1.2 up to 12 

Multi -year ridge thickness, m - 

 

2.2. Climate 

 

The water area belongs to a zone of continental climate, relatively low air 

humidity, low rainfall and big air temperature drops. 

The climate is characterized by the cold winter and the warm summer. In the 

winter, unstable weather with violent oscillations of air temperature prevails. High 

possibility of wind direction changes, which sometimes turns into storm. In the 

spring, unstable weather with strong storm activities prevails. 
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Summer is steady hot; preferentially dry with light breezes and a good 

visibility. In an early autumn, the dry clear weather remains. At the end of fall, the 

weather sharply turns into cold and cloudy. Violent oscillations of air temperature 

and often rains are obtained. 

Annual average temperature of the water area is 10 ÁC. 

The coldest months are January and February. The warmest period is July ï 

August. An annual average absolute air humidity is 9,3 g/m3, relative air humidity 

is about 82%. Air humidity on the water area is quite high. The smallest value of 

relative air humidity is observed in June-July, maximum is during the winter period.  

During the autumn and winter periods, southeast winds prevail. In the 

summer, northern directions occur.  

Within a year, precipitations are distributed quite uniformly. The minimum 

value of precipitates is in February-March (up to 10 mm), the most is in June-July 

(up to 23 mm). Precipitates are generally in the rain form. Snow cover on a surface 

is distributed extremely unevenly.  

The annual amount of days with fog are 123, 108 days from them are during 

the winter period from November to March. Usually, fogs are observed at morning 

hours or during the light breeze. 

 

2.3. Hydrologic characteristics 

 

Long-term average annual water temperature of 11.2 ÁC fluctuates in a surface 

layers from a maximum of 27.9 ÁC (July) to a minimum -0.09 ÁC (January). In the 

cold season (November-March), equilibrium of temperatures is observed. 

Salinity of water in the projected zone in some ways depends on volume 

change of the Volga river flow and the water exchange with the central part of the 

Caspian Sea. The average annual salinity is equal to 9.46 ă (see Figure 2.1). During 

the winter period, salinity of seawater increases due to formation of ice and weak 

Volga waters inflow [40]. 
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Figure 2.1 ï Salinity distribution (ppm) in April for the period 1940-1963. 

Source: [40]. 

 

Currents play an important role in hydrodynamic mode of the Northern 

Caspian Sea. In addition, wind currents have a major importance (see Figure 2.2). 

 

Figure 2.2 ï Main currents of the Caspian Sea  

Source: European Environment Agency, 2005. 

 

Winds with a speed less than 5 m/s do not cause considerable and steady 

currents. At unstable and light breezes, the directions of currents change 

insignificantly and can vary a lot, as far as the largest role is played by gradient and 

inertial (residual) currents. Figure 2.3 shows the probabilities of different with 

speeds at the Northern part of the Caspian Sea. 
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Figure 2.3 ï Frequency of the wind speed for the period 1888-2006. 

Source: http://www.esimo.ru/atlas/Kasp. 

 

The wind-induced, steady current (70% of overall time), is formed by the 

steady wind with a speed more than 5 m/s. The general pattern of currents has gyre 

circulation. The maximum speed of a wind current on a surface for the storm period 

with possibility of 1 time in 100 years is 1.29 m/s. 

Typically, steady currents occur during east, southeast, and also northwest and 

western winds. 

From December to March, when the Northern Caspian Sea is usually covered 

with ice, subglacial currents are extremely weak. In a superficial layer, current speed 

is 36 ï 85 cm/s, and the average value is 60 cm/s. 

Sea depth in the water area increases from the North to the South. The 

Filanovsky field is located in the more shallow northern part with sea depth of 4-10 

m (see Figure 2.4) [42]. 

 

http://www.esimo.ru/atlas/Kasp
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Figure 2.4 ï Bathymetry chart of the Northern Caspian Sea. 

Source: [42]. 

 

2.4. Wave conditions 

 

One of the distinct features of the Caspian wave regime is the presence of ice 

that controls it during winter and spring periods. Waves move along the main wind 

directions ï the SE and NW. As the water depth becomes shallow, the wave height 

starts to reduce in direction from east to the north. In the summer period, the waves 

barely reach 2-4 m because of the shallow water [39]. 

As you can see on the diagram (Figure 2.5), 96.9% of waves has a height up 

to 1.5 m, while the frequency of the waves with significant wave heights of 1.5-4.0 

m is 2.6% per year. The wave length reaches up to 85 m at the southern border of 

the Northern Caspian Sea [33]. 
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Figure 2.5 ï Distribution of the significant wave height in the Northern Caspian 

derived from salinity altimetry for the period from October 1992 to December 

2005. 

Source: [22]. 

 

According to the Figure 2.6, the 50-year extreme wave height (return period, 

Rp = 50 years) can exceed 7 m at the border with the Middle Caspian Sea. The 

significant wave height with the 50-year return period reaches 1.0 m in the north-

eastern part while it is equal to 2.5 m at the border with the Middle Caspian Sea [40]. 

 

a) Significant wave height with Rp=1 year; 

b) Significant wave height with Rp =50 years; 

c) Maximal wave height with Rp =1 year; 

d) Maximal wave height with Rp =50 years; 
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Figure 2.6 ï Significant and maximal wave heights for different return periods. 

Source: [40]. 

 

2.5. Ice Conditions 

 

Ice conditions are defined by the hydrometeorological situation in the 

Northern Caspian Sea.  

Fields of interest are located in a zone of the fast ice. About 70% of the sea 

surface is covered by ice during winter (see Figure 2.7). Fast ice forms quickly and 

it remains until February/mid of March. The maximum thickness of sheet ice, with 

the probability of 1 time in 100 years, on the water area of the Filanovsky field is 

0.98 m. Stamukha formation is possible (see Figure 2.8). The maximum thickness 

of the rafted ice is up to 120 cm. Steady ice formation on the water area occurs 

annually during the cold period. The start of ice-boom with formation of 

stratifications and ice ridges is in the middle of March due to the influence of gales. 

During the winter period, there is a possibility of waterworks frosting. 
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Figure 2.7 ï Satellite image of the Northern Caspian Sea taken by NASAôs 

Terra satellite, 2013.  

Source: [57]. 

 

 

Figure 2.8 ï Breaking Supply Vessel carrying goods in severe ice conditions 

of the Northern Caspian Sea, Kashagan field. 

Source: [64].  
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Chapter 3. Scope of technology use 

 

The scope of use includes fields in the Russian sector of the Northern Caspian 

Sea (see Figure 3.1) and can be expanded in the future to other sectors of the sea 

(Kazakhstan, Turkmenistan, Azerbaijan and Iran).  

The Filanovsky oil field will be the main hub in the development, while other 

fields such as Kuvikin, 170 km and Rakushechnoe fields are considered as satellite 

fields. Korchagin field was the main hub before, but it changed its status to satellite 

in 2016 after Filanovsky field was put into operation. Therefore, in this thesis the 

whole development of the Russian sector will be considered as one field ï 

Filanovsky cluster of fields. 

Filanovsky oil field is located in the Northern part of Caspian Sea shelf 190 

km South of Astrakhan as it is shown on Figure 3.1. It was discovered in 1994 and 

is operated now by Lukoil Company. The start of production was in 2016. Water 

depth in the area of production goes up to 11 meters. Main types of fluids include 

oil, associated gas, non-associated gas and gas condensate. Reserves are shown in 

Table 3.1. As it is the main hub and the core of the whole development it will be 

explained in more detail. 

ñThe Yuri Korchagin field is located in the Russian waters of the North 

Caspian Sea at a sea depth of 11-13m. It is located 180km from the city of Astrakhan 

and 240km from Makhachkala. The field was discovered by Lukoil in 2000 and is 

owned by its subsidiary Lukoil Nizhnevolzhskneft. Its first oil was extracted on 28 

April 2010. The proved, probable and possible hydrocarbon reserves in the Yuri 

Korchagin field are estimated to be 570 million barrels (~9.8Ĭ107 t) of oil 

equivalentò [58]. 
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Figure 3.1 ï Petroleum deposits of the Russian sector of the Caspian Sea. 

Source: [59]. 

 

Timeline: 

 
 

 

 

 

 

 

2010 ÅKorchagin oil field was put into operation

2014 ÅFirst stage of Filanovsky oil field development

2016 ÅHvalynskoe oil and gas condensate field was put into operation

2018 Å170 km field will be put into operation

2022 ÅRakushechnoe field will be put into operation

2026 ÅKyvikin gas condensate field will be put into operation
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Table 3.1 ï Oil, gas and gas condensate reserves of the Filanovsky cluster of fields 

(approximate values due to confidential information from LUKOIL). 

   ABC1 C2 

   OIIP, ktons  500 000 200 000 

   Assoʩiated gas, MM m3  39 000 6 000 

   Non-Assoʩiated gas, MM m3  500 000 150 000 

   Condensate (initial), ktons  22 500 21 500 

 

According to the enormous value of Filanovsky cluster of fields reserves, 

technology of this special vessel will have a great potential for use in this field. 

The Filanovsky field includes three main reservoirs located in Albian, Aptian 

and Neocomian ages. These layers varies in reservoir properties and compound of 

middle porous sandstone facies with lamination of shale intervals. The cross-section 

of the field is shown on Figure 3.2. It is clear that the field is highly 

compartmentalized in South East part. Main reservoir properties are presented in 

Table 3.2. 

 

Figure 3.2 ï Cross-section of the Filanovsky field. 
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Table 3.2 ï Main reservoir properties of Filanovsky field (approximate values due 

to confidential information from LUKOIL). 

Average porosity, %  20-24 

Average HC saturation,  37-65 

Net Pay, m  up to 50 

Permeability, mD  0.5-600 

 

The field will be developed in 3 stages. The 1st stage will be included the 

development of the West Neocomian reservoir and the 2nd and 3rd stages will include 

the development of Albian, Aptian and East Neocomian reservoirs. The horizontal 

drilling will be used to provide better sweep efficiency and higher productivity.  The 

typical well placement is shown on Figure 3.3. Fieldsô infrastructure is described in 

the next chapter. 

 

 

Figure 3.3 ï Typical well placement for Filanovsky field (West Neocomian 

reservoir). 
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Chapter 4. Main objects of the Filanovsky cluster of fields 

infrastructure  

 

As it was mention before the Filanovsky field is expected to develop in three 

main stages. The first stage will include the building of Ice-resistant fixed offshore 

platform (ʃʉʇ-1 and ʃʉʇ-2), living quarter platform (ʇɾʄ-1 and ʇɾʄ-2), 

central processing platform (ʎʊʇ), wellhead platforms (ɹʂ). Ice-resistant fixed 

offshore platform ʃʉʇ-1, living quarter platform ʇɾʄ-1, central processing 

platform ʎʊʇ and riser block are already in place. Production from the field started 

in October 2016. The Figure 4.1 shows all these facilities. 

According to the figure, all fluids from satellite fields will go to the Filanovsky 

field by subsea pipelines and then to the coastline infrastructure. 

 

Figure 4.1 ï The 1st stage of Filanovsky field development (based on pictures 

retrieved from http://isicad.ru/ and information from LUKOIL). 

 

The 2nd and the 3rd stages will include the building additional facilities due 

to the increasing rate of production. These facilities include ice-resistant fixed 

offshore platforms (ʃʉʇ-3 and ʃʉʇ-4), living quarter platforms (ʇɾʄ-3 and 

http://isicad.ru/
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ʇɾʄ-4), central processing platforms for oil and gas (ʎʊʇʅ, ʎʊʇɻ) and wellhead 

platforms (ɹʂ). It is demonstrated on Figure 4.2. 

 

Figure 4.2 ï The 2nd and the 3rd stages of Filanovsky field development (based on 

pictures retrieved from http://isicad.ru/ and information from LUKOIL). 

 

  

http://isicad.ru/
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Chapter 5. Technology concept of a vessel for hydraulic fracturing 

 

As stated before an integrated approach for hydraulic fracturing and well 

interventions for offshore oil and gas fields includes three parts, first two of them 

are: 

¶ The selection of the optimum vessel, that can be specially constructed or 

upgraded to carry all the equipment, that needed to ensure the successful down-hole 

works in challenging marine and ice conditions. 

¶ The selection of the optimum technology for down-hole operations and deck 

equipment layout, based on the different characteristics of the formation and the well 

design.  

First step for vessel selection is to make a list of vessels expected to be 

available during the required time window. After the list of available vessels is 

compiled, each vessel must be assigned a suitability rating. This rating can then be 

used to refine the broad list to a narrow pool of potential vessels [1]. 

To provide safe, reliable and successful offshore operation in the Northern 

Caspian Sea conditions the selected vessel should have the efficient size and free 

deck capacity, excellent stability and dynamic positioning system of at least 2nd class 

(DP 2, DP 3): 

¶ Class 2 DP units should be used during operations where loss of position 

could cause personnel injury, pollution or damage with great economic 

consequences. 

¶ Class 3 DP units with equipment class 3 should be used during operations 

where loss of position could cause fatal accidents, severe pollution or damage with 

major economic consequences and even sanctions. 

DP 2 and DP 3 also means, that dynamic positioning system has redundancy 

so that no single fault in it will cause the system to fail [18]. 

In addition, for harsh winter conditions of the Northern Caspian Sea all 

operating vessels should be ice-resistant. Due to Russian Maritime Register of 

Shipping requirements, the vessel should be of at least Ice3 ice class to be allowed 
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to move in the winter navigation season, which means that vessel can move 

independently in the sparse first-year ice of non-arctic seas with the thickness up to 

0.7 m or can swim in the channel behind the icebreaker in level ice with the thickness 

up to 0.7 m. This class is almost equal to Ice Class 1A according to Finnish-Swedish 

classification.  

All equipment should have High Safety Class due to conditions of the 

operating site (failure implies high risk of human injury, significant environmental 

pollution or very high economic or political consequences. Low safety class: minor 

environmental consequences and low risk of human injury. Normal safety class: for 

temporary conditions giving risk of human injury, significant pollution etc.) [19]. 

Hoses and coiled tubing used for this technology should be flexible and should 

withstand pressures up to 1000 bar during hydraulic fracturing operation. In 

addition, due to shallow water (ca 10m) hydraulic fracturing can be done only by the 

coiled-tubing without flexible risers, due to high bending radius of the flexible riser. 

Equipment for well interventions on the vessel deck must be perfectly fastened. 

The economic efficiency of this method can be achieved by carrying out 

stimulation and intensifying of low permeability layers, resulting in significantly 

increased productivity, as well as enhanced oil recovery methods. Therefore, 

development of this technology and the special vessel for shallow water conditions 

is work of the great importance. This technology may also be in demand on the 

Arctic shelf of the Russian Federation, but with the use of an ice class vessel for the 

Arctic seas, so the work is of particular urgency for the Russian shelf. 

 

Main advantages: 

¶ Technology can increase economic efficiency in low-permeable offshore oil 

and gas fields; 

¶ Technology will extend the life cycle of the well due to better well service; 

¶ Technology can allow producing oil and gas from shales in offshore 

conditions; 
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¶ In global, technology can allow producing oil and gas from fields, which 

were previously considered as economically inefficient. This will result in creation 

of new workspaces, which in its turn will result in social stability and greater income 

for the government from taxes. 

 

Main difficulties and operational limitations: 

¶ Environmental conditions; 

¶ Logistics according to vessel dimensions. This very important part is 

discussed in details in the Chapter 7.1; 

¶ Very limited world experience, almost no experience in Russia (one 

established operation); 

¶ Lack of technology; 

¶ Large reservoir uncertainties; 

¶ Low or even negative economic efficiency in offshore oil fields with high 

permeability, because of the need to shut in high productivity wells to carry the job, 

which results in huge money losses; 

¶ Job can be carried out only in rather good weather conditions (not rough sea 

and huge ice concentrations); 

¶ Pipes, hoses and coiled tubing should be specially constructed to carry 

extremely high pressures for hydraulic fracturing; 

¶ Complex operation; 

¶ Limited deck space; 

¶ Equipment availability; 

¶ Special vessel need to be constructed or already existing should be upgraded 

to carry all the equipment (pumps, coiled-tubing, reservoirs, blenders and etc.).  
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Chapter 6. World experience 

 

In itself, offshore fracturing is a unique event. Only several operations in the 

world were executed. 

 

6.1. Russia. Northern Caspian Sea 

 

In Russia, hydraulic fracturing was conducted only by the ñLUKOILò in the 

Northern Caspian Sea in 2012 on the exploration well Rakushechnoe-8 

(Rakushechnoe field, still in exploration phase), see Figure 6.1. The fracturing was 

executed successfully and resulted in a 20 times increased oil flow rate. Maximum 

liquid rate before the stimulation was about 4.8 m3/day on a 6.4 mm choke size, after 

the stimulation it became about 108 m3/day on a 9.5 mm choke size [12]. 

 

Figure 6.1 ï Location of the Rakushechnoe field and drilling. 

Source: [36]. 

 

The vessel selection for the job was a challenging problem. Special equipment 

was designed specially for this operation.  The supply vessel ñVzmoryeò, the only 

DP1 vessel (all other vessels were DP2) used for marine hydraulic fracturing 

operations, considered in this chapter (other parameters are in the Chapter 8) was 
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upgraded and fitted with an additional deck to maximize available space for marine 

engineering and certification requirements, see Figure 6.2 and Figure 6.3 [36]. 

 

Figure 6.2 ï Vessel deck layout (Vzmorye). 

Source: [36]. 

 

 

Figure 6.3 ï Photo of the vessel deck layout (Vzmorye). 

Source: [36]. 

 

The economic efficiency calculations showed that implementation of marine 

hydraulic fracturing technology on most of the production wells for the Aptian 

reservoir of the Rakushechnoe field will significantly increase NPV15 of the field: 

negative without hydraulic fracturing, +193.6 mln $ with the technology (Duvanov 

et al, 2013). 

 

 




























































































































































