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ABSTRACT

Purpose. To modernize a pumping-circulatory system of a drilling rig in order to improve the environmental safety
data, reliability, and convenience during oil well construction.

Methods. Methods of system analysis of the conditions and use of different design features of facilities and equip-
ment of pumping-circulatory systems for well washing with muds have been applied. Computer modeling has been
performed to assess the risks of pumping-circulatory station operation; theoretical and experimental data have been
evaluated and generalized to develop environmentally friendly pumping-circulatory system.

Findings. Improved design of a pumping-circulatory system which components are made of elastic (e.g. rubber-
textile) materials has been proposed; the design provides air-tightness and prevents harmful substances from pene-
trating into the environment. Modernized pumping-circulatory system allows obtaining efficient operation results
since it meets following requirements: quick readjustment to the drilling mode under certain conditions; minimum
time for transportation to the operating site, assembling and disassembling; compactness and mobility; convenient
and safe labor conditions for the personnel; and considerable damage-resistance.

Originality. The paper demonstrates the approach aimed at the increase of environmental safety level, labor protec-
tion, and efficiency of operating processes in terms of pumping-circulatory system based on stage-by-stage study of
different sections of the equipment, technological processes, and impact of the related substances. The research has
made it possible to determine the ways for the improvement of separate equipment units as well as to define their
positioning and provide proper operation modes. That approach, aimed at the increase of the environmental safety
level of the industry, is appropriate to be applied at other stages of the life cycle of oil and gas industry.

Practical implications. The pumping-circulatory system under consideration requires minimum transportation ex-
penses being very cheap to transport, assemble, operate, maintain, and disassemble.

Keywords: pumping-circulatory system, environmental safety, oil and gas wells, well construction, rubber-textile
reservoirs, mud

1. INTRODUCTION

Oil and gas industry is quite often associated with pen-
etration of harmful substances into the environment. While
drilling oil and gas wells in the process of washing the
well with the mud, certain conditions are formed resulting
in the intensive penetration of oil products and chemical
reagents of different hazard class into the environment.

The mud may contain sodium hydroxide (NaOH), so-
dium carbonate (Na,COs), soldering acid (HCI), hydro-
gen disulfide (H»S) etc. that are harmful both for human
health and the environment.

There are many scientific papers concerning the envi-
ronmental impact of oil and gas complex, especially the

process of well construction. The authors (Kurhanskyi,
2006; Podavalov, 2010) define the sources of negative
environmental impact of a well construction process
upon different environmental components (soils, atmos-
pheric air, water medium, flora and fauna), in particular
the effect made by the components of muds. However,
the researchers do not offer particular technical solutions
in order to prevent negative environmental impact.

The available designs of pumping-circulatory systems
and their separate components are studied in various
papers (Arakelyan, Lyskova, & Korchakov, 1997; Fedo-
rovych, Kryzhanivskyi, Korop, & Liakh, 2008; Savyk et
al., 2009; Shvydkyi, 2010; Steinsvag, Galea, Kriiger, &
Peikli, 2011; Shkitsa, Yatsyshyn, Popov, & Artemchuk,
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2013). Some papers (Steinsvag, Galea, Kriiger, & Peikli,
2011; Shkitsa, Yatsyshyn, Popov, & Artemchuk, 2013)
consider negative impact of the vapour generated in the
process of primary mud cleaning on a mud screen. Cer-
tain technical measures of mud temperature control to
prevent intensive vapour generation on a mud screen
have been proposed; however, the design itself remains
unchanged, and its open surface continues to be the
source of hazardous substances penetration into the envi-
ronment (Steinsvag, Galea, Kriiger, & Peikli, 2011).

We know about pumping-circulatory stations (Arakel-
yan, Lyskova, & Korchakov, 1997; Savyk et al., 2009)
consisting of the tanks for special purposes, intake and
discharge lines, mud pumps, cleaning unit, and isolation
valves. Main disadvantages of these systems are as follows:

— all the tanks are not air-tight, i.e. they are open; the
mud (flushing water), saturated with harmful, dangerous
for health substances, evaporates; that evaporation is
more intensive when the mud comes out of the well at
high temperature;

— it is very difficult to transport as well as to assemble
and disassemble large-sized and heavy-metal tanks.

Pumping-circulatory system of a drilling rig (Fedo-
rovych, Kryzhanivskyi, Korop, & Liakh, 2008) has tanks
and reservoirs made of rubbertextile material, cleaning
unit, mud pumps, intake and discharge lines, standpipe,
and isolation valves. Disadvantage of the system is in the
fact that it is not designed to complete all technological
processes due to different conditions that may occur
while drilling and does not make it possible to prepare
quickly the muds with certain parameters, necessary for
high-quality and accident-free borehole drilling.

The paper proposes a scheme of air-tight pumping-
circulatory system (Shvydkyi, 2010) that may serve as the
basis for further adjustment to certain drilling conditions;
nevertheless, it does not take into account the connection
of a unit for flush water preparation, air-tightness, and
piping of tanks with chemical reagents for mud pro-
cessing into a joint system. Making up of the well is not
provided in the process of trip out of hole operation.

The available pumping-circulatory systems have
mud-storing tanks being large-sized, difficult to handle,
assemble, and transport. The problem of preventing
mud evaporation is still unsolved as well as the issue to
reduce evaporations containing hazardous substances at
different sections of a pumping-circulatory system
during different technological operations. The known
circulatory systems provoke intensive penetration of
polluting substances into the environment; they do not
ensure the necessary level of environmental safety as
the majority of mud-storing tanks are often open for
influence of various external factors. That is why the
considered pumping-circulatory systems may be treated
as the ones not ensuring the necessary level of envi-
ronmental safety as well as the quality of oil and gas
wells drilling.

Thus, there arises the need to design a modernized
circulatory system which will make it possible to carry
out flushing processes effectively at the well and will
ensure the required air-tightness of the main components
in order to increase the environmental safety of oil and
gas wells drilling.
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2. STUDY OF ENVIRONMENTAL SAFETY
LEVEL OF A PUMPING-CIRCULATORY
SYSTEM OF A DRILLING RIG

Improvement of the environmental safety of the avail-
able pumping-circulatory systems needs thorough studies
of both equipment and technological processes being
closely connected with mud circulation. That will make it
possible to outline the main factors effecting the level of
environmental safety of a pumping-circulatory system and
define environmental risks during the system operation.

2.1. Defining the factors effecting the level of
environmental safety of a pumping-circulatory system

Pumping-circulatory system of drilling rigs, as it has
been mentioned before, is mainly open (Fig. 1). The mud
circulates there together with different hazardous sub-
stances; some of them are used to improve technological
processes: 55% — gel powder, chalk, barytes; 16% — acids;
11% — surface-active  substances; 7% — water-soluble
salts, polymers — 5%, dissolvent — 4%, caustic and differ-
ent chemical reagents 1% each (Podavalov, 2010).

Figure 1. Unsealed channels of a pumping-circulatory system

Hazardous substances may be generated in the pro-
cess of mud circulation and its contact with drilled-out
layers, saturated with hydrogen disulfide or other dan-
gerous substances.

Apart from direct spills, the environment is constantly
polluted due to evaporations. Thus, the paper (Shkitsa,
Yatsyshyn, Popov, & Artemchuk, 2013) notes substantial
negative impact of channel system evaporations. That is
why it is necessary to study the factors promoting vapor
formation during mud circulation.

Evaporation of the fluid from a free surface is caused
by thermal movement of the fluid molecules and depends
on its intensity: the faster molecules move, the faster
evaporation is. The mud comes out of the well heated up
to high temperatures.

Main conditions affecting the evaporation process
are: chemical properties, temperature, disengagement
area, duration of evaporation, and air velocity.
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Intensity of evaporation of i component of the fluid
during laminar flow of the external medium air at the
surface of evaporation is defined by following formula
(Yatsyshyn, 2012):
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G — amount of evaporated substance, (g/h);

S — area of evaporation, (m?);

L — typical size, (m), for round surface — L =d, for
square surface — L =a, in terms of rectangular and ire-
gular-shape surface — L = Jd ;

M, —molecular weight of the external medium
vapors;

M, —molecular weight of vapors of the substance
being determined;

pn and po — partial pressure of vapors above the sur-
face and in the external medium, (Pa);

ki — coefficient that considers the lowering of evapo-
ration surface temperature;

k> — coefficient that considers the degree of evapora-
tion surface closure;

D; — coefficient of fluid vapors diffusion, (cm?/s).

During turbulent air motion near the evaporation sur-
face, the amount of hazardous substances penetration
into the atmosphere from the fluid surface is calculated
according to following formula:
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Regulations on fire safety contain following formula
to calculate mass of the fluid that evaporates from the
open spill surface indoors:

my =107 p,, STIM , 3)

n — coefficient depending on the velocity and the
temperature of air flow above the surface of evaporation
(defined by a corresponding table);

M —molar weight of the evaporating substance
(kg/mole);

Pp.sv. — pressure of the saturated vapor at the tempera-
ture of evaporation, (mmHg).

Values of partial pressures and concentrations of haz-
ardous gases and vapours in the atmosphere should be
taken in terms of the fluid surface temperature. During
stationary mode, that temperature is defined according to
the heat balance: the heat incoming to the fluid from the
outside, the heat being given and accepted by the air and
the fluid as a result as their heat exchange, and the heat
spent on evaporation (Tishchenko, 1991).

Analysis of equation (1 — 3) has taken into account all
the above-mentioned industrial conditions involving the
process of evaporation. As a result, the factors have been
established that are necessary to be taken into considera-
tion while modernizing pumping-circulatory system in
order to decrease emissions of hazardous substances into
the atmosphere (Table 1).

Values of the parameters of separate equipment units
associated with the factors of high evaporation level have
been demonstrated in terms of IDECO-525 drilling rig;
moreover, possible tendencies of the performance im-
provement have been shown.

2.2. Assessment of environmental risks
during the operation of a pumping-
circulatory system of a drilling rig

Penetration of hazardous substances into the lowest
atmospheric layers during different technological pro-
cesses and industrial operations while oil and gas wells
drilling has been studied by means of specially designed
computer software complex (Shkitsa & Yatsyshyn,
2013). Environmental risks during different technologi-
cal operations involving different equipment have been
calculated. Values of the risks have been calculated ac-
cording to (Alymov & Tarasova, 2004) as well as ac-

where: cording to current regulations of the Ministry of Health
of Ukraine (MOZ, 2007).
Table 1. Factors that should be taken into account during pumping-circulatory system modernization
Pumping-circulatory system equipment
No. Factor Mud Channel . Measures of modernization
Reservoirs
screens system

1 Evaporation area, S, m? 7.04 11 24.75 Maximum air-tightness of all
Coefficient that considers cover the parts of circulatory system

2 degree of the evaporating 1 1 0.6 where the mud is available
surface k2 (mud screens, channel system)

Coefficient depending on
velocity and temperature

3 of air flow above the surface
of evaporation, #
4 Saturated vapor

pressure, Ps.y. , mmHg

Depends on certain climate conditions
and defined according to table values

Depends on chemical properties of substances
and environmental temperature

Reduction of the effect of
external factors upon the cost
of the equipment air-tightness

Creating conditions to generate
oversaturation pressure and to
limit evaporation

According to the methodology (Alymov & Tarasova,
2004), the risks have been calculated with the use of
threshold models and nonthreshold models. The models
make it possible to estimate negative impact of techno-
genic air pollution during oil and gas wells construction,
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its effect on personnel’s health and the population of
nearby territories that may result in negative toxic effects
and chronic diseases (including oncogenic and immuno-
toxic ones). Main conditions to model mud vapors dissi-
pation are based on long-term studies and wind rose of the
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territory under analysis: east wind of 5m/s velocity; air
temperature is 23 —24°C; air humidity is 45%; air pres-
sure is 741 mmHg; stratification of atmosphere — convec-
tion, stability class — B; without precipitations; the reagent
under study is methane (Shkitsa & Yatsyshyn, 2013).

To evaluate the risks of immediate toxic effects during
air pollution of clear threshold character, a model of indi-
vidual impact threshold is used; the model is as follows:

z T T — J.
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where:

a, b — parameters depending on toxicological proper-
ties of the substance. In our case, in terms of methane,
belonging to category of hazard 4, a=-1.41; b=2.33;
and C — concentration of toxicant in the air, mg/m?>.

To determine the risks of chronic intoxication, being
measured within a certain period of time, following equa-

tion is used:
Vi
j t ,
where:

S — coefficient that considers peculiarities of toxic
characteristics of the substance; in terms of methane —
£ =0.86;

K. — parameter, depending on hazard category of the
substance; in terms of methane — K, = 3;

C — concentration of pollutants in the atmosphere
effecting during certain period of time t, mg/m?.

Values of a, b, 5, and K. parameters depend on the
substance hazard category (Table 2).

Table 2. Values of coefficients a, b, f§, and K;

Substance

a+blg|
MPCO.[.

4)

C

- 5
MPC,; K, ©)

R, =1-exp —0.174[

hazard Substan'ce. a b p K
characteristic

category

s Extremely o5 166 240 75
hazardous

2nd Highly 551 749 131 6.0
hazardous

31 Moderately 35 393 190 45
hazardous

4th Low-hazardous —-1.41 233 086 3.0

According to the methodology (MOZ, 2007), during
inhalation substance intake, the calculation of hazard
coefficient is done by formula (6):

<, (6)

HO: =2

where:

HQ;—hazard coefficient of the impact of i
stance, in our case it is methane;

C; — impact level of i" substance, mg/m>;

RfC — safe impact level of CHs = 50 mg/m?.

As a matter of convenience, the results of risks calcu-
lations have been represented in the form of characteris-

i sub-
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tic curves (Figs. 2 —4). Figure 2 shows the dependence
of chronic intoxication risk within the time period
t=10 days by the methane vapors from the distance to
pollution sources along the wind direction. The risk level
of chronic intoxication due to air pollution depends on
the time people spend within the polluted territory.
Maximum risk values R. are observed during drilling
tools round trips and at the mud availability in the chan-
nel system (R. = 0.99). Value of chronic intoxication risk
rises with the increase of the period spent under the in-
fluence of pollutants.

1.2

mR: channel system ®R: sludge pits = R lifted drill pipes

10 20 30 40 50 60 70 80 90 100 110
Distance from the source along the wind flow, m
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Cronic intoxication risk (Rz)
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Figure 2. Dependence of chronic intoxication risk by the
vapors of methane upon the distance to the sources
along the wind direction

Under the given conditions, moderate risk of the im-
mediate toxic effects for the substance under study (me-
thane) is observed (Fig. 3).

0.0012
m RI: channel system m R/ - sludge pits= R/ lifted drill pipes

=3 =1 (=} (=} (=}
(=3 (=3 (=1 (=3 (=3
8 8 8 8 =
\S] S [« =) (=}

0 10

20 30 40 50 60 70 80 90 100 110
Distance from the source along the wind flow, m

The immediate toxic effects risk (RIz)

o
=
8
S

Figure 3. Dependence of risks of immediate toxic effects by
the methane evaporations upon the distance to the
sources along the wind flow

Characteristic curves (Fig. 4) show the values of ha-
zard coefficient HQnus. According to the criteria charac-
terizing hazard coefficient (Table 3), it is pointed out that
HQ > 1 during drilling tools round trips and during mud
circulation through a channel system.

It means that non-oncogenic risk for the personnel’s
health under the influence of methane from the mud
evaporations at its concentration in the solution being 5%
may not be treated as acceptable; there is a probability of
harmful effects upon the drilling rig personnel.

The risk calculation results show that the most ha-
zardous operations are drilling tools round trips. The
chronic intoxication risk is 1.



L. Skitsa, T. Yatsyshyn, M. Liakh, O. Sydorenko. (2018). Mining of Mineral Deposits, 12(3), 71-79

35

m HQ CH, channel system s HQ CH,sludge pits

30 HOCH, lifted drill pipes
T

=25

=}

5 20

=l

Q

315

=

g 10

<

jas|

10 20 30 40 50 60 70 80 90 100 110
Distance from the source along the wind flow, m

Figure 4. Dependence of hazard coefficient upon the distance
to the source along the wind flow

Table 3. Oncogenic risk criteria

Hazard
No. Risk characteristic coefficient
(HQ)
1 Risk of possible negative effects <1

is treated as negligible

Boundary value that does not
2 require urgent measures but cannot 1
be treated as quite acceptable

Probability of hazardous effects
3 rises proportionally to the
increase of HQ

>1

It is caused by the fact that during drill pipes lifting,
the pollution happens due to the imperfection of the facil-
ities for drilling tool cleaning. That is why technological
processes during drilling tools round trip have been ana-
lyzed, and an engineering solution for a facility to clean
drilling tool has been proposed (Shkitsa, Yatsyshyn,
Lyakh, & Sydorenko, 2016). The developed tool makes it
possible to improve cleaning of tools with complicated
surface geometry as well as to neutralize hazardous sub-
stances in the process of trip out of hole operation.

Pumping-circulatory system is the next facility to be
considered as the one with high risk values. During tech-
nological operations while oil and gas wells constructing,
a pumping-circulatory system that transports mud poses
risks of hazardous substances penetration into the atmos-
phere. Thus, the paper proposes to have maximum air-
tightness for all the sections of a pumping-circulatory
system, i.e. to modernize it.

3. MODERNIZING PUMPING-CIRCULATORY
SYSTEM OF A DRILLING RIG

3.1. Updating separate equipment units
of a pumping-circulatory system

Analysis of the factors influencing the environmental
safety level and the risks defined during the operation of
a pumping-circulatory system has made it possible to
determine the equipment that requires updating to in-
crease safety of its application, environmental comp-
liance, and power saving.

Equipment of the available circulatory systems has been
studied; the systems may be divided into following groups:

— facilities for mud preparation: hydraulic (mechani-
cal) mud mixers, reservoirs;
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— facilities for mud delivery into the well: supercharg-
ing pumps, delivery line, rotary swivel, drilling pipes;

— facilities for mud cleaning: mud screens, mud de-
silters, degassers.

In terms of mud cleaning facilities, attention should
be paid to mud desilters, which are the first to receive the
mud from the well. At this stage it is saturated with dif-
ferent substances according to the mud composition and
the substances entering as the result of the contact with
the drilled-out layers and the equipment; during the
opening of gas horizons vapors may contain explosive
materials. When it comes out of the well, the mud may
have high temperature values that depend on its depth
and the geothermal gradient (Shkitsa & Yatsyshyn,
2012). Intensive movement of vibration frames intensi-
fies evaporation of the heated mud (Fig. 5).

Figure 5. Mud screen in the operating mode

To solve the problem, a modernized mud screen with
a protective shield has been designed (Fig. 6) (Shkitsa,
Yatsyshyn, Liakh, & Fedoliak, 2013).

That mud screen design to clean the mud will reduce
evaporation and provide partial isolation of vapour at the
expense of space concentration above the net. The struc-
ture may be equipped with special discharges to utilize
hazardous gases and vapour.

10 9 13 5 11 6 7 7

Figure 6. Diagram of a mud screen with a folded protective
shield: 1-bottom; 2—tub; 3 —draining hole;
4 —feed bin; 5—vibrating frame; 6 —vibrator;
7 —net; 8 —shock absorbers; 9 — protective shield;
10 — shield extension; 11 — sliding bars; 12 — fol-
ding-back part

To improve operating and environmental characteris-
tics of the equipment for fine cleaning of the mud, i.e.
mud desilters, a modernized mud desilter has been de-
signed (Liakh et al., 2010).
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Design of the tool makes it possible to reduce the
amount of similar facilities which in its turn will not only
reduce penetration of hazardous substances into the envi-
ronment during fine cleaning of the mud but also cut its
production expenses. From the viewpoint of environmen-
tal marketing, use of a modernized mud desilter reduces
material consumption and improves environmental per-
formance of the equipment.

Modernization of separate elements of a pumping-
circulatory system allows improving environmental safe-
ty indices however, a system approach is more effective
as it takes into account both modernizing separate
equipment and its rational positioning, selection of the
material it is made of etc. That is why it is necessary to
design a new scheme of a pumping-circulatory system
that will take into account and correct certain faults of
the available circulatory systems.

3.2. Design of a modernized
pumping-circulatory system

To solve the problem of environmental safety im-
provement and the effectiveness of washing the wells being
drilled, a modernized scheme of a pumping-circulatory
system of a drilling rig has been designed (Fig. 7).

19
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Figure 7. Diagram of a modernized pumping-circulatory
system of a drilling rig

Features of the proposed scheme are as follows: re-
ceiving tanks and tanks with chemical reagents are air-
tight being made of elastic material; they can be folded
compactly in order to ease their transportation and as-
sembling/disassembling. Sections of the intake line are
equipped with aligned drilling mud pumps and pipe fit-
ting to mix the mud in closed receiving tanks made of
elastic material to perform borehole makeup if it is ne-
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cessary. Channel circulation line is closed; it consists of
elastic pipelines. To provide proper mud circulation, the
line is equipped with the aligned mud pumps from a
cleaning unit and from the tanks with chemical reagents
To distribute and regulate mud flows, sections of intake
and discharge lines as well as sections of a channel-
circulatory line are equipped with optimum set and posi-
tioning of isolation valves, back valves, and protective
switch units.

Modernized pumping-circulatory system consists of
air-tight receiving tanks / made of elastic material. They
are connected by means of sections 2, 3, 4 of the intake
line and through drilling mud pumps 5 with drilling
pumps 6 and tanks 7 with chemical reagents connected
through drilling mud pump 8§ with section 9 of a channel-
circulatory line. That line is connected to a cleaning unit
10 through drilling mud pumps // and back valves /2; it
is also connected with receiving tanks 1 through gates
13. A drilling mud preparation unit 14 is also connected
with section 9 of a channel-circulatory line. From the
drilling pipes 6, sections 15, 16, 17, and 18 of a discharge
line are joined successively and in parallel to each other
and section /7 by means of the other end to equipment
20 of the mouth of the well, and section /8 is connected
to standpipe /9 with rotary swivel 21.

Section 23 of a channel circulatory line is mounted
from equipment 20 of a well mouth to a cleaning unit.
Safety switch units 22 are installed in every section of
the line where overpressure is likely to occur. Drilling
mud pumps 5 are also connected through respective
isolation valves 27 to receiving tanks /; gates of other
sections of the intake line are connected with section 24
and gates 25 mounted on fitting pipes of receiving tanks
I and in reverse direction through section 26 to the well
mouth equipment 20.

Pumping-circulatory system of a drilling rig operates
as follows. The mud is delivered to drilling pumps 6 from
receiving tanks / made of air-tight elastic material
through sections 2, 3, 4 of the intake line and, in terms of
open gates 27, from the tanks and other corresponding
gates located at the above-mentioned sections with the
help of drilling mud pumps 5. In this case, drilling mud
pumps acts as supercharger pumps. If it is necessary, both
drilling mud pumps 5 and drilling pumps 6 may operate
one at a time or by two in parallel. Drilling pumps 6 de-
liver the mud through sections /5 and /8 of the intake line
to the standpipe /9 and through the rotary swivel 2/ with
the drilling string into the well. The mud, saturated with
drilled-out rock, goes out of the well through equipment
20 of the well mouth, and enters cleaning unit /0 through
section 23 of a channel-circulatory line.

From the cleaning unit /0, with the help of one or two
drilling mud pumps /7, the mud is delivered into recei-
ving tanks / through back valves /2 and section 9 of a
channel-circulatory line in terms of open gates /3. When
reverse circulation is necessary, the mud is delivered into
the well by drilling pumps 6 through sections 15, /7 of
intake line and equipment 20 of the mouth. The well
makeup by the mud is performed through section 26 and
equipment 20 involving one of drilling mud pumps 5.

In case of emergency — mud overpressure on one of
the sections — corresponding switch unit 22 will come
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into action to bleed off the pressure. To process the mud
with chemical reagents from tanks 7, drilling mud pump
8 is used to deliver chemical substance through section 9
into one or several receiving tanks / with open gate.
When it is required, the mud is prepared in mud prepara-
tion unit /4 and is delivered by means of drilling mud
pump to receiving tank / through section 9 of a channel-
circulatory line. To mix the mud in one of the receiving
tanks /, one of the drilling mud pumps 5 is used which
delivers the mud from tank / through section 24 and
open gate 25 respectively providing closed circulation
through the tank where the mud is being mixed.

4. DISCUSSION

Maximum air-tight pumping-circulatory system of a
drilling rig has been designed on the basis of the results
of the studies. In that context, transportability, ease of
assembling, and ease of the system operation were taken
into account.

Great attention was paid to designing the tanks for
mud and chemical reagents storage. During the system
exploitation process, when the mud will not be able to
circulate, the heavier particles may precipitate preventing
the fluid from its movement. Thus, the system must have
such a piping so that its separate sections could be
washed by the mud drilling pump.

The proposed pumping-circulatory system prevents
and reduces efficiently the evaporation of the mud con-
taining hazardous substances at different sections of a
pumping-circulatory system during various technological
operations while drilling. Changes in mud parameters take
place in terms of a closed pumping-circulatory system
that also prevents hazardous substances from penetrating
into the environment. The proposed pumping-circulatory
system of a drilling rig is easy to transport. When folded,
the tanks are compact; they do not take much space and
do not require special vehicles for their transportation.
The tanks are quite light-weighted and convenient for
loading/unloading and assembling/disassembling opera-
tions. Besides, they are made of elastic material and may
be used for oil product collecting in case of uncontrolled
oil showings and other emergency situations.

When all the above-mentioned and other technologi-
cal operations connected with the proposed pumping-
circulatory system are performed, it reduces greatly envi-
ronmental pollutions at the expense of maximum
air-tightness of all the system sections and rational posi-
tioning of all its components.

Further research should involve studies of new envi-
ronmentally safe mud compositions that would meet all
the technological requirements. It is also very important
to improve professional level of drilling rig personnel in
terms of environmental awareness as well as to take into
consideration current regulations concerning the safest
operation modes during oil and gas wells construction.

5. CONCLUSIONS

Possible risks during oil and gas wells construction
have been evaluated in order to define the most danger-
ous parts of the equipment and technological processes
during oil and gas wells construction.
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It has been determined that maximum risk values R.
are observed during round trips and in terms of mud
availability in a cleaning unit and channel system
(R-=0.99). HQ during round trips and during mud circu-
lation through channel system is more than 1 which can-
not be acceptable for drilling personnel.

Certain ways to improve the equipment have been
outlined; modernized scheme of a pumping-circulatory
system has been proposed. The design of the system
allows making its elements maximum air-tight to prevent
penetration of the mud hazardous substances into the
environment, to minimize expenses for transportation,
assembling, operating, servicing, dismantling as well as
creating safe work conditions for the personnel. The
system makes it possible to perform all the required
technological processes during well construction. The
considered ways of environmental safety improvement
may be applied both to better environmental safety and
compliance at different stages of oil-and-gas industry life
cycle and for different industrial branches.
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ISAXHY NIABUINEHHA EKOJOITYHOI BE3IEKH
HACOCHO-IIUPKYJISINIMHOI CACTEMM BYPOBOI YCTAHOBKHA

JI. Wkina, T. Auumms, M. Jlsx, O. CuxopeHko

MeTta. BrockoHanieHHSI HACOCHO-IMPKYJISILIHHOI ccTeMH OypOBOI YCTaHOBKH /ISl TOKPAIEHHS TIOKa3HHUKIB €KOJIO-
riuyHOi Oe3neKH, HaAIHHOCTI Ta 3pYYHOCTI IIPU CIIOPYAXKEHH] HAaTOra30BUX CBEPAJIOBHH.

Metoauka. BukoprctaHo METOM CHCTEMHOT'O aHaJIi3y YMOB i JIOCBiy €KCIUTyaTalii pi3HOMaHITHUX KOHCTPYKTH-
BHHUX OCOOJMBOCTEH MPHUCTPOIB Ta 00JaJHAHHS HACOCHO-LMPKYJLLIHHNX CUCTEM Ul IPOMHBaHHS CBEPUIOBUH Oypo-
BUMH po3uuHaMH. [IpoBeeHO KOMIT IOTEpHE MOJIETIOBAHHS OI[IHKH PH3HKIB IIPH poOOTI HACOCHO-IUPKYJILAMIHHOI CHC-
TEMH, a TAKOXX OLIHIOBAHHS i y3araJbHEHHS TEOPETHYHHUX Ta EKCIIEPUMEHTAIBHUX TaHHUX JUI MOXKIMBOCTI CTBOPCHHS
€KOJIOTIYHO 0e3MeYHO0i HaCOCHO-IIMPKYJIISAIIIHOT CHCTEMH.

Pe3yabTaTH. 3aiponoHOBaHO BIOCKOHAJIEHY CXEMY HACOCHO-IMPKYJISMIHHOI CHCTEMH, OCOOIMBOCTSIMHE SIKOI € BU-
KOHAaHHA CKJIAJOBHX 3 €JIaCTUYHOTO MaTepiany (HalpHKIaa, TYMOBOTKAHWHHOTO), SIKUH 3a0e3ledye repMEeTHIHICTh Ta
130JISILII0 IIKIJAJIMBUX PEUOBHH Bij MOTPAIUISIHHS B HABKOJIMILHE cepenoBuiie. MoaepHi30BaHa HACOCHO-IIMPKYIIALIiiHA
CHCTEMa, 3 TOUYKH 30pYy JOCATHEHHS e()eKTUBHIX BUPOOHMYMX PE3YJIbTaTIB, 330BOJIBHSE HACTYITHI BUMOTHU: ONEPaTHB-
HO INepeHasIaroKy€eTbesi Ha METOJ OYpiHHSI, SIKMI BiJIIOBiIa€ KOHKPETHUM YMOBaM; Ma€ MiHIMaJIbHI BUTPATH 4acy Ha
TIepeBe3CHHS JI0 MicIs pOOOTH, MOHTX 1 JIEMOHTaX; € KOMIIAKTHOIO JUISl MiJBUIIEHHS MaHEBPEHOCTI; Ma€ KOM(pOPTHIi
Ta Oe3Me4YHi YMOBH Mpalli Ui 00CIyroBYIO4Oro epCoHay; BOJIOIIE MiHIMAIBHOIO CXHIIBHICTIO 10 YIIIKO/PKEHb.

HaykoBa HoBH3HA. B po0OTi MpoAeMOHCTPOBAHO MiXiJ AJIS MiABHUINCHHS PiBHSA SKOJOTIYHOI Oe3MeKH, OXOPOHU
TIpaii Ta SKOCTI BHPOOHHYMX TPOIIECiB Ha MIPHUKIIAAlI HACOCHO-IIMPKYIIAIIIHOI CHCTEMH, SIKUi 0a3y€ThCS Ha TTOCTAITHOMY
JIOCIIKSHH] PI3HUX IUITHOK OOJNagHAHHS, TEXHOJOTIYHUX MPOIIECIB i BIUTUBY PEUOBHH, MO iX CYNMpPOBOKYIOTH. Lle
JIAJI0 MOYKJIMBICTh BCTAHOBUTH HANpPSIMHM BIOCKOHAJICHHS OOJaIHAHHS: IMiaiOpaTH HAMOLIBII BIAIOBIAHI MaTepiaau it
BUKOHAHHSA OKPEMHUX OJHMHHIL OOJaJHAHHS, BU3HAYNUTH X pO3TallyBaHHS Ta 3a0e3ME€UUTH HEOOXiIHI peKUMHU pOOOTH.
Taxuii miaxin JUis TiABUILEHHS PIBHS €KOJIOTIYHOI O€3MeKH JOLIFHO BUKOPUCTOBYBATH i Ha IHIIMX €Tanax XXUTTEBOTO
LUKy Ha)TOra3oBoi raysi.

IMpakTHyHa 3HAYUMIiCTB. 3aIIPOIIOHOBaHA HACOCHO-LMPKYJIALiHHA cHcTeMa MOTpedye MiHIMaNbHUX (iHAHCOBHX
BUTpAT Ha TPAHCIIOPTYBaHHS, MOHTaX, EKCILTyaTallilo, 00CIyroByBaHHs i IEMOHTaX.

Kniouogi cnoea: nacocno-yupkynayiiina cucmema, exonoziyna 6e3nexa, Hagmozazosi cepoNoSUHlU, CHOPYOIICEHHS
C8ePONIOBUH, 2YMOBO-MKAHUHHI pe3epayapu, Oyposull po3uuH

IIYTHU NOBBIIEHUSA SKOJOI MUECKOM BE3OINACHOCTH
HACOCHO-IIMPKYJISIIMOHHOM CUCTEMBI BYPOBOI YCTAHOBKHA

JI. Hlxuma, T. Amumwa, M. JIsx, O. CugopeHko

Leapb. CoBepLICHCTBOBAHHE HACOCHO-LUPKYISLMOHHON CHCTEMBI OypOBOI YCTAHOBKH IS yJyYIUCHHUS MOKa3aTe-
JIeil 9KOJIOTHIECKOM Ge30MacHOCTH, HAAEKHOCTU U yI0OCTBA IIPH COOPYKEHUH HE(PTEra30BBIX CKBAXKUH.

Meroauka. Vcrionp30BaHbl METOIBI CHCTEMHOTO aHAIM3a YCIOBHM U OIBITA SKCIUTYaTalNK Pa3INYHBIX KOHCTPYK-
THBHBIX 0COOCHHOCTEH YCTPOMCTB 1 060PYIOBaHHSI HACOCHO-IIUPKYIISILHOHHBIX CHCTEM TSl IIPOMBIBKH CKBXKHH OypO-
BBIMH pacTBopamu. IIpOBENCHO KOMIBIOTEPHOE MOACIHPOBAHHWE OLICHKH PHCKOB NPU paboTe HACOCHO-IUPKYI-
LMOHHOW CHCTEMBI, @ TAK)KE OLICHKA M 00O0OIICHHE TEOPETHIECKUX U IKCIIEPHMEHTAIBHBIX TaHHBIX U1 BO3MOKHOCTH
CO3[IaHHSI SKOIOTHIECKH OE30IacHOil HACOCHO-LIMPKYIIILIMOHHOM CHCTEMBI.

PesyabTathl. [IpenoxkeHa ycOBEpIICHCTBOBAHHAS CXeMa HACOCHO-IMPKYISIMOHHOW CHCTEMBI, OCOOCHHOCTIMH
KOTOPOU SIBIISIETCS BHITIOJIHEHNE COCTABIISIOIINX M3 3JaCTHYHOrO Marepualia (HarpuMep, pe3HHOTKaHEeBOT0), 00ecreyn-
BAIOLLEr0 F€PMETUYHOCTh U U30JISLUI0 BPEAHBIX BEILECTB OT IIONAJaHUs B OKPYIKAIOLLYI0 cpely. MoaepHU3UpOBaHHAs
HACOCHO-LUPKYJISLIMOHHAS. CUCTEMa, C TOYKU 3PEHUs JOCTHKCHUS S(P(EKTHBHBIX MPOM3BOJCTBEHHBIX PE3YJIbTATOB,
YIOBJICTBOPSIET CIEAYIOIINM TPEOOBAHUIM: OMEPAaTHBHO MEPEHAAXKMBACTCS HA METOA OypeHUs, KOTOPBIil COOTBET-
CTBYET KOHKPETHBIM YCIIOBHSIM; MMEET MUHUMANBHBIC 3aTPaThl BPEMEHU Ha MEPEBO3KYy 10 MecTa padOThl, MOHTAX U
JIEMOHTAa)K; ABISIETCSI KOMIAKTHOM [UISl TIOBBIIICHHS MAHEBPEHHOCTH; UMEET KOM(MOPTHBIC U OE30IaCHbIEC YCIOBHS TPY-
Ia Iuisi 00CITy KUBAIOLIETO IIEPCOHANa; 00J1aJaeT MUHUMAIBbHOM CKIIOHHOCTBIO K TIOBPEXKICHUSIM.
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Hayunasi HoBu3Ha. B pabore npoaeMoHCTpUpOBaH MOAXO/ JUIsl MOBBILIEHHUsS] YPOBHS 3KOJIOTHYECKOH Oe30macHo-
CTH, OXpPaHBI TPyJla U KayecTBa IMPOU3BOJCTBEHHBIX MPOIECCOB HA MPUMEpPE HACOCHO-LUPKYISILUOHHON CUCTEMBI, OC-
HOBaHHBII Ha MOATAIIHOM UCCJIEJOBAaHUU Pa3JIMUHBIX YYaCTKOB 000PYIOBaHHS, TEXHOJOIMYECKUX TPOLECCOB U BIIHS-
HUM COIPOBOXKJAIONIMX BEIIECTB. DTO IIO3BOJMIIO YCTAaHOBUTH HAlpaBJiIEHUs COBEPLICHCTBOBAHUS 00OpYIOBAHMS:
mooopare HanboJiee MOAXO/AIINEe MaTepPHalIbl AJIsl BBITOJHEHUS OTJAEIBHBIX €IMHUIL 000pYIOBaHUS, ONPENEIUTh X
pacriosyio)keHre ¥ 00eceYnTh HeOOXOJMMBIE PEXKUMBI pa00Thl. Takoi MoAX0 Ul OBBIIEHHS YPOBHS SKOJIOTHIECKON
6€301acHOCTH 1eneco00pa3HO MCIOIb30BaTh M Ha APYTHX dTAlax >KU3HEHHOTO KA He()TEra3oBOi OTpaciH.

IpakTHyeckasi 3HAYUMOCTb. [IpenoxkeHHas HaCOCHO-IMPKYIIALMOHHAS CHcTeMa TpeOyeT MUHUMAIbHBIX (pUHAH-
COBBIX 3aTpaT Ha TPAHCIIOPTHPOBKY, MOHTaX, IKCIUTYaTaIHI0, OOCTY)KNBAaHHE U IEMOHTAX.

Kntouesvle cnosa: HacoCHO-YUpKyIAYUOHHAA CUCTEMA, IKOTO2UHECKA OE30NACHOCIY, Heghme2a308ble CKEANCUHDL,
Oypenue CK8adiCUuH, pesuHo8o-mKanesvle pe3epeyapul, 0yposol pacmeop
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