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Abstract. We have offered the investigations aimed at the design of eco-efficient technologies during oil 
and gas producing sites life cycle. The authors have conducted the analysis of conditions causing 
environmentally hazardous situations at oil and gas producing sites. We have established the necessity of 
quick maintenance of operation during emergencies that makes it possible to reduce material costs and 
environmental pollution. The increase of environmental safety in the process of winding up oil and gas wells 
emergencies that took place as a result of catching drilling string or some other pipe is crucial. We have 
analyzed different ways and various structural designs of the devices for pipe unscrewing from caught strings. 
We have established the ways of negative environmental impact reduction in the winding up emergencies at 
operating as well at stack oil and gas rigs. The recommendations regarding the structural design of the device 
are given. The device design is patented and the prototype model of the device is designed and manufactured. 
The device functions as the transformer of clockwise drilling string rotation into anticlockwise rotation of 
fishing tools. We have highlighted the positive effects after the implementation of the given device. We have 
noted the importance of innovative technologies design as well as the importance of forming adequate 
response skills during emergencies when wellsites are being constructed. The technical solutions and 
recommendations we have introduced make it possible to prevent negative environmental impact and reduce 
resource flows at different stages of wellsite life cycle.  

1 Introduction 
The activities of oil and gas producing sites affect the 
environment, especially during some emergencies. The 
complexity of the issue lies in the fact that those oil and 
gas producing sites may be located close to protected or 
recreational areas [1]. Alongside with this negative effects 
may last for a long time and be dangerous to the 
environment [2], which calls for the search of innovative 
technical solutions, as well as alternative energy sources 
development. [3, 2] When industrial objects function in 
their normal mode it has a set of consequences: sickness 
rate increase, disturbance of natural environment 
functioning, resource capacity influence. There is also the 
economic constituent of the given issue [4, 5] 

2 Analysis of previous publications 
The environment within the boundaries of oil and gas 
producing sites is intensively affected. Saksonov M.N. 
and others point out the environmental changes in the 
process of man-caused impact of oil and gas extraction [6] 
The most dangerous are the emergency situations that are 
the most unpredictable ones in terms of economic and 
environmental consequences [7, 8]. 

There is a set of conceptual approaches for 
maintaining environmentally safe production process at 
oil and gas producing sites [9, 10, 11]. The important 
measures that make it possible to prevent environmental 
pollution and to cut the material costs – are modernizing 
equipment [2, 12, 13]. Environmental aspect of 
modernizing equipment includes cutting expenditure 
resources during equipment manufacturing as well as 
during man-caused operations with the use of this 
equipment. 

The investigations aimed at the increase of equipment 
operation responding for emergency drillstring jamming 
(e.g. pumping compressor, casing) in the wells are topical, 
because the removal of emergency situations demands 
unscrewing the pipes from the jammed part of the string, 
which is accompanied by economic losses, namely 
material and power ones. The removal time is also 
influences economic losses and environmental safety. If 
the wellsite is abandoned or put out of commission it is 
also necessary to unscrew the pipes. This calls for the 
necessity to develop environmentally efficient methods of 
prompt emergencies removal.  
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3 The research results 

3.1 The triggering events of environmentally 
hazardous situations at oil and gas producing 
sites 

Emergencies that take place at oil and gas complex, 
namely at wellsite are the cause of a set of environmental 
issues. These issues that are typical to oil and gas complex 
have been investigated in academic papers [14, 15, 16, 
17].  

Technological processes of oil and gas extraction are 
characterized by multicomponent structure of working 
environment (drilling fluids, extracted fluids and other 
technological fluids), that may contain toxic components 
and be flammable.  These factors when summed up, pose 
a certain threat for the staff and contiguous territories with 
their inhabitants. One of the high risk-bearing factors is 
also the high level of technological equipment wearing. 
The processes that take place in this equipment cause its 
intensive degradation in long-term operation conditions 
and at presence of aggressive media that in their turn 
increase the environmental risks during oil and gas 
extraction. Equipment wearing is a serious risk factor that 
makes it difficult to solve environmental issues at oil and 
gas extraction complex.  

In oil and gas extraction industry apart from specified 
and accounted pollution sources there may emerge 
unpredictable emergency conditions resulting in 
substantial costs of resources for primary operation 

conditions restoration, environmental pollution is noted 
and hazard to staff’s health arises [18, 19, 20]. Different 
stages of oil and gas industry life cycle fig. 1 affect the 
environmental impact of different levels of intensity and 
damage [21]. Thus, we my single out specified emissions, 
caused by provided technological processes. 
Environmental hazards estimation if the impacts alike at 
are described at different stages in academic papers [22, 
23, 24, 25]. The most important stage of environmental 
impact estimation is monitoring of different environments 
[26, 27, 28].  

Modern geophysical investigation methods make it 
possible to collect information about equipment condition 
and wellsite geological profile which helps to evade 
significant environmentally hazardous consequences with 
occurrence of environmentally hazardous substances [29, 
30]. The combination of methods for environmental 
monitoring and equipment condition makes it possible to 
reduce the risk of environmentally hazardous cases. But 
emergency conditions that may occur during operating 
conditions should be removed within the shortest possible 
time. Thus, taking into account all the factors mentioned, 
the aim of this article is to develop the effective tool for 
unscrewing pipes within a wellsite with increased 
operation reliability and enhanced technological 
possibilities. The main idea of innovative tool 
development is to reduce time costs for removing 
emergency conditions that makes it possible to increase 
environmental safety level of the wellsite construction 
process and oil and gas extraction.  

 

 
Fig. 1. The chart of life cycle of oil and gas well in the system of oil and gas extraction industry [21]. 
 

3.2 The analysis of equipment constructions 
used for unscrewing pipes in the wellsite 

As we have already noted above, in emergency conditions 
it is crucial to select the technology that will make it 
possible to eliminate faults promptly and efficiently. 
Taking this into account we have analyzed the existing 
devices for unscrewing pipes in the wellsite.   

We are aware about the device for unscrewing pipes 
in the wellsite [31], consisting of a case, upper (master) 
and lower (driven) pipes with pipeline thread for joining 
it to drilling strings and fishing tools respectively. This 
device also has an anchor knot (anchor) with fixing 
elements in the shape of elastic chambers and reverse gear 

in the shape of bevel gearbox. The master device also has 
the device for anchor knot actuation, consisting of 
throttling nut, screwed at the lower end of upper (master) 
shaft. The device sets the anchor knot going by means of 
feeding flushing liquid into fishing string, which at the 
cost of change of pressure in the throttling screw restores 
required pressure in the anchor knot and penetrates elastic 
chambers, broadening them for contact with the internal 
part of casing string.  

The essential limitation in the use of this device is the 
low reliability of device fixture by flushing liquid pressure 
and also the use of elastic chambers as fixture elements as 
they may be corrupted when the device is lowered into the 
wellsite.  

The next device for unscrewing pipes in the wellsite 
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[32] is the one that has hollow cylindrical case with the 
pipe thread placed at its lower part. The hollow shaft with 
the screw is located at the upper part to be joined to the 
fishing string. The anchor knot (anchor) is also present 
with fixing telescopic parts and reversing gear in the 
shape of pull chain interacting with the rim, placed at the 
inner surface of hollow cylindrical case of the device. The 
driven device also has the mechanism for anchor knot 
activation which consists of throttling screw, placed at the 
lower end of hollow shaft. The device sets the anchor knot 
going by means of feeding flushing fluid into fishing 
strings that at the cost of change of pressure in the 
throttling screw causes pressure in the anchor knot case 
on fixture elements.  

Among the drawbacks of this device are the following: 
• reversing gear low performance index, that makes it 

impossible to create sufficient moment of force, necessary 
for screwing fishing instruments with further pipes 
unscrewing. It happens due to sufficient pull chain 
dragging against outer cylindrical case surface of anchor 
knot; 

• technological complexity of the design of separate 
elements of the device, namely, the rim on the inner case 
surface.  

There is also the device for unscrewing pipes in the 
wellsite [33] that has hollow cylindrical case with the left 
reducing coupling located at the lower part with the right 
coupling device located at the upper part of the device. 
The anchor knot with fixture elements is also present, the 
reversing gear in the shape of planet gear, consisting of 
master hollow shaft-gear and planet carrier placed so that 
it is possible to interact with shaft-gear and the rimmed 
surface, performed on inner cylindrical surface of the 
device’s case. The shaft-gear device is placed at the roller 
bearing with the ability to rotate towards the case of the 
device and with the presence of anchor knot activation 
device.  

The peculiarity of this device is the fact that the anchor 
knot fixture elements are designed in the shape of slips 
that have the ability by moving along pyramidal facets of 
the case of the device radially to interact by their working 
hard-alloy surface with the inner wall of the casing string, 
ensuring reliable fixture of the device.  

Among the drawbacks of this device are the following: 
• the use of slips in the anchor knot, placed at bearing 

slides such as “dovetail” significantly complicates the 
device configuration and decreases its operation 
reliability. It is caused by the penetration of abrasive 
particles that are abundant in the wellbore of that 
direction, which may result in jamming and, respectively 
– device nonoperation; 

• the use of the wedge mechanism in the anchor knot 
significantly limits the range of radial slips advancement 
which does not ensure the possibility to use the driven 
device in casing strings of different diameter without the 
replacement of fixture elements.  

In order to unscrew the stuck (jammed) drilling string 
two basic methods are used [34, 35]. The first one – is the 
use of the string with double-sided screw, the second one 
presupposes the use of a special device that turns clock-
wise rotation of the given drilling string into anti-
clockwise rotation of the fishing tool (taper tap, collar 

socket, tubing catch, etc.) connected to the jammed part 
of the string.  

The first method, the one that is using pipes with anti-
clockwise screw has the following drawbacks: 

• the necessity to purchase or lease that kind of a string 
if it is operating at a different wellsite, or manufacturing 
the needed amount of them, which causes additional 
expenses; 

• transportation expenses of a big number of pipes; 
• the replacement of the existing string of pipes with 

that one with anticlockwise screw is a labor-consuming 
process; 

• environmental pollution with exhaustion gases and 
petroleum products during transportation and double 
replacement of pipe strings; 

• time-consuming preparatory works, associated with 
the expansion of storage space and storage of a big 
amount of pipes and increase of expenses, that has a 
negative effect on the environment.  

Taking into account all the above-mentioned the given 
academic paper is mostly concentrated on the second 
method – the use of a special device for turning clock-
wise rotation of the given drilling string into anti-
clockwise rotation of the fishing tool. In our case it is 
obvious that the above-mentioned drawbacks are 
neutralized by using of anti-clockwise pipes.  

3.3 The design of innovative device construction 
for unscrewing pipes in the wellsite 

The purpose of design of a new efficient device is to 
create a device construction for unscrewing pipes in the 
wellsite with high performance output and improved 
technological possibilities, achieved at the expense of 
addition of anchor knot fixture elements of a specific 
shape to working surfaces, placing those fixture elements 
with the possibility of rotation towards the axe that are 
parallel to the axes of the device, and also the design of 
the device for anchor knot activation in the shape of 
spacious cam gear [36].  

The given aim is achieved by the presence of a hollow 
cylindrical case in our device with the left pipe reducer 
placed at its lower part and the right pipe reducer placed 
at the upper part of the device. The anchor knot with 
fixture elements, reversing gear in the shape of planetary 
gear consisting of master hollow shaft-gear and carrier 
gear with satellites are also present.  

The external working cylindrical surface of fixture 
elements is obtained by the motion of the generant in part 
of the Archimedean spiral and enabling fixture elements 
to rotate around the axes parallel to the axis of the device 
in order to change the external diameter of the device. It 
ensures bigger interaction area with internal surface of a 
casing string, which prevents its contact damages that 
may be the source of its further destruction. Besides that 
the offered construction of fixture elements makes it 
possible to use the designed device in casing strings of 
different diameters without the replacement of the very 
fixture elements.  

The device for pipes unscrewing contains hollow 
cylindrical case 1 (fig. 2) that has geared surface 2 on its 
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inner cylindrical surface and with left pipe adapter at its 
lower part 3.  

 

 
 
 
 
 

 
 

Fig. 2. The scheme of the device for unscrewing the captured column of pipes.  

Inside the case 1 the hollow shaft-gear 4 is installed 
the upper end of which is designed in the shape of splined 
surface 5, closer to the lower end of shaft-gear 4 there is 
geared surface 6. The shaft-gear 4 is placed with the 
ability of rotation towards the case 1 of the device. With 
this purpose the rolling bearings 7 and 8 are placed at the 
lower part between them. On the upper part of the shaft-
gear 4 on splined surface 5 the spacing sleeve 9 is placed 

and it is able to perform limited axial movements towards 
shaft-gear 4. The limitation of this movement is ensured 
by screw 10, screwed at the geared end of shaft-gear 4 and 
fixed from unscrewing by locking nut 11. At the upper 
part of spacing sleeve 9 the right pipe adapter 12 is fixed 
with the help of screwed joint, adjoining it axis. 

The device also has the reversing gear 13 in the shape 
of planetary gear, consisting of master hollow shaft-gear 
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4, carrier gear 14 with satellites 15 placed with the 
possibility of interaction with external geared surface 6 of 
shaft-gear 4 and internal geared surface 2, designed in the 
cylindrical hollow case 1 of the device. The satellites 15 
are placed at the respectful hollows 16 of the carrier gear 
14 on the axes 17.  

The offered design of the device for pipes unscrewing 
also contains anchor knot 18 consisting of cylindrical case 
19, immovably (e.g. by screw connection) fixed at the 
upper part of carrier gear 14 and placed with the 
possibility of rotation at shaft-gear 4. The anchor knot 18 
also has fixture elements 20 (ranging in number from 3 to 
12) placed with the possibility of rotation around axes 21, 
placed in case 19 parallel to shaft-gear 4 axis. The external 
working cylindrical surface 22 of fixture elements 20 is 
designed by the motion of the generant in part of the 
Archimedean spiral. Fixture elements 20 are 
manufactured from solid material like steel, processed by 
relevant thermochemical methods (cementing, boration, 
chromizing, etc.) and thermal (hardening+low dismissal) 
of treating. The working surface 22 is carved or armed  
by hard-alloyed insertion pieces 23. The anchor knot 18 
also has extension springs 24 (according to the number of 
fixture elements 20), the force of them being directed at 
rotation of fixture elements 20 towards О-О axis of the 
device.  

Apart from that the anchor knot 18 is provided by two 
spacers 25 and 26, placed at case 19 in order to fix axes 
17 axially.  

The anchor knot 18 is placed at shaft-gear 4 with the 
possibility of relative rotation and limited axial movement 
by the magnitude h that can be altered by adjustor nut 27, 
screwed at screwed surface, performed at shaft-gear 4 
under splined surface 5.  

The anchor knot drive of the patented device consists 
of abutting carrier gears 28, immovably fixed at upper end 
faces of fixture elements 20 and designed in the shape of 
cylindrical shafts with spheric endings 29. The lower part 
of spacing sleeve 9 consists of two surfaces: cutaway 
conus 30 and flat end surface 31. The drive also contains 
the spring 32, placed between upper flat end surface of 
adjustor nut 27 and flat end surface 31 of spacing sleeve 
9. 

The sizes and mutual location of cutaway conus 30 
and spheric endings 29 of carrier gears 28 ensure their 
interaction during the movement of spacing sleeve 9 
(along splined surface 5 of shaft-gear 4) in the direction 
of spring 32 contraction.  

Before the device installation it is necessary to 
conduct well logging that will make it possible to clearly 
define the place where the device should be installed [29, 
30, 37, 38] on the part of the pipe that is not damaged. 

The device operates the following way. The offered 
device (fig. 2, 3) altogether with fishing tools: taper tap, 
drill pipe spear etc., attached to the lower pipe adapter 3, 
is lowered altogether with fishing string of right drilling 
pipes with the help of right upper pipe adapter 12. 

 
 

 

 

 

Fig. 3.  Laboratory experimental model of a device for unscrewing a captured column of pipes.  

This process is continued in the cased wellsite up to 
the lineup of the fishing tool with the upper end of the 
stuck string stern. Further lowering sets the upper pipe 
adapter 12 going altogether with spacing sleeve 9 along 
the splined surface 5 of shaft-gear 4, pressing string 32 by 
that. Conic surface 30 of spacing sleeve 9 starts 
interacting with spheric endings 29 of abutting carrier 
gears 28 resulting in the action of charge away from the 
О-О axis of the device. As carrier gears 28 are immovably 
fixed at the upper faceplate of fixture elements 20, the 
latter ones, resisting extension strings 24, turn around 
their axes 21 towards case 19 of anchor knot 18, moving 

to contact external cylindrical surfaces 22 of fixture 
elements 20 with external wall of casing string.  

Mutual axial location between spheric endings 29 of 
abutting carrier gears 28 and conic surface 30 of spacing 
sleeve 9 is adjusted by screw 10, screwed at screwed end 
of shaft-gear 4 and fixed from unscrewing by locking nut 
11.  

Spacers 25 and 26 are placed at the external cylindrical 
case surface 19 from the side of fixture elements edges 20 
and mitigate axial movement 21. Besides, spacers 25 and 
26 do not let abrasive particles get into junction: the case 
holes 19 – axis 21 – fixture elements holes 20, preventing 
jamming and device incapacitation.  
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The anchor knot is fixed in the casing pipe by drilling 
string weight indicator.  

Working surfaces 21 link with casing pipe wall. The 
reliability of this link is ensured by the design of fixture 
elements working surface by the motion of the generant 
in part of the Archimedean spiral and thread cutting 
fixture elements 20 on working surface 21 or 
reinforcement those surfaces by hard-alloyed insertion 
pieces 23. The link of fixture elements 20 with the 
external surface of casing pipe wall prevents anchor knot 
18 from rotation in cased borehole.  

The rotation is initiated by drilling string. As the 
anchor knot does not let carrier gear 14 rotate towards the 
О-О axis of the device, planetary gear 13 is turned into 
common spindle reversing gear. Drilling string rotation 
through upper right pipe adapter 12, spacing sleeve 9, 
through splined surface 5 drags over to shaft-gear 4 and 
further through satellites 15, placed in the hollows 16 at 
axes 17 onto case 1 of the device. The latter, having the 
possibility of rotation towards shaft-gear 4 at rolling 
bearings 7 and 8 sets anticlockwise (reverse) rotation of 
the lower left pipe adapter 3 with the fishing tool.  

After fishing tool is screwed into the emergency pipe 
body the unscrewing of the weakest thread in emergency 
drilling string is begun.  

Axial movements that appear during fishing tool 
cutting-in and pipes unscrewing is ensured by axial 
movement (sliding) of satellites 15 along geared surfaces 
2 and 6 respectively in case 1 of the device and at shaft-
gear 4 at the expense of spacing gap h between upper part 
of anchor knot 18 and lower edged surface of adjustor nut 
27. Depending on fishing tool schedule and unscrewed 
pipes thread this spacing gap is adjusted by means of 
according tightening adjustor nut 27. 

After the weakest screwed joint assembly is 
unscrewed which is noted by drilling string weight 
indicator, the rotation of the fishing string is stopped and 
it starts being lifted. The impact of spring 32, placed 
between adjustor nut 27 and flat end surface 31 of spacing 
sleeve 9, sets the spacing sleeve 9 going towards shaft-
gear 4. Alongside with that as a result of upward axial 
movement of conic surface 30, the thrust force on spheric 
endings 29 of carrier gears 28 is reduced – fixture 
elements 20 under the impact of springs 24 reset, 
unlocking the device from casing string. The device with 
the unscrewed pipe or several pipes is lifted from the 
wellbore.  

4 Conclusions 
1. It is often the case with oil and gas production industry 
when emergency situations associated with catching 
(wedging up) drilling string or pumping-compressor 
pipes. And the number of these occasion call for the pipes 
unscrewing from the caught pipe.  

2. The most popular way of unscrewing pipes from the 
caught pipe is the use of pipes with anticlockwise screw. 
This way is labor-consuming, power-consuming and 
causes environmental pollution.  

3. The use of the way mentioned in clause 2 of the 
conclusion causes extra pollution to the environment by 

transportation means delivering and taking away big 
amounts of tools with anticlockwise screw and 
sustainable operation of drilling rig engines when the 
available pipes with clockwise screw are replaced by the 
ones with anticlockwise screw, and when the operation is 
completed, the reverse replacement takes place. The total 
length of pipes with anticlockwise screw is equal to the 
length of the wellbore and may comprise from 1000 m up 
to 6000 m and more.  

4. The offered construction of the device that functions 
as a transformer of rotation direction is lowered into the 
wellbore with the aid of existing pipes with clockwise 
screw after which there is no necessity to use pipes with 
anticlockwise screw. It reduces the time of preparatory 
works needed to remove the emergency and respectively 
the environmental impact is shortened.  

5. The cost of the offered device is next lower order 
than with the use of pipes with anticlockwise screw.  

6. In addition, in order to prevent environmentally 
hazardous situations oil and gas production sites should 
employ highly qualified and certified staff. This approach 
will reduce the impact of human factor as the reason of 
emergency situations by forming adequate response skills 
during emergencies when wellbores are being 
constructed. [39, 40, 41]. Specialists should be trained 
with the use of modern educational technologies that will 
make it possible to imitate real life conditions and get 
practical experience of proper response to incidents in the 
workplace [42]. 
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