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APPROVAL OF OPTIMAL PIPELINE’S
CLEANING METHODS ACCORDING
TO MULTIPHASE FLOW PATTERNS
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1. Introduction

The gas-producing complex contains in its composition
a complex pipeline system, which performs two functions —
collection and inter-industrial gas transportation. The gas
pipeline system receives and transports its own production
gas, contains loops industrial pipelines that feed gas to gas
preparation unit (GPU), booster compressor stations (BCS)
or linear compressor stations (CS). The type of the tech-
nical characteristics, as well as the performance of the
compressor equipment and pipelines depends on the capac-
ity value of the system as a whole. Thus, the capacity of
the gas collection and gas transmission system depends
both on the operating modes of the ground infrastructure
facilities and on each of the linear sections.

The throughput capacity of a gas pipeline system as
a function of mode parameters is the main production
indicator characterizing the efficiency of using gas pipe-
lines for their intended purpose. The value of the capacity
of the system is most affected by the technical charac-
teristics of pipelines and their pressure conditions. If to
consider a separate gas pipeline with a certain technical
characteristic, then its pressure regime and, accordingly, its
throughput capacity are closely related to the operating

conditions. In particular, the presence of liquid condensation
conditions, plugging, an increase in the hydraulic resis-
tance of the sections, and, accordingly, the total pressure
drop in the gas pipeline as a whole. Accordingly, exces-
sive pressure drop affects either the level of the initial
pressure, reducing gas production at the final stage of
development in the gas mode, or the value of the final
pressure, increasing the BCS energy consumption for gas
transportation. Reducing the pressure drop occurs with
a corresponding increase in throughput of gas pipelines,
which is achieved by introducing methods of freeing them
from liquids, such as cleaning with pistons, switching to
self-cleaning mode, tapping drainage devices and drips of
various designs.

Depending on the stage of field development, various
flow structures form in the cavity of pipelines, respectively,
forming various hydraulic supports [1]. So, the methods
for clearing the cavity of gas pipelines from these con-
taminations will be different, and a separate algorithm
must be created for their selection.

Accordingly, given the fact that the overwhelming ma-
jority of the fields in the oil and gas production sector of
Ukraine are at the final stage of development, which is
characterized by a high gas-producing factor, the question
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of minimizing pressure losses in the system for collecting
and transporting hydrocarbons remains.

2. The ohject of research
and its technological audit

The object of research is the system for the collection
and inter-industrial transportation of gas from gas and
gas condensate fields.

Today, Ukraine belongs to the countries with a deve-
loped oil and gas industry and oil and gas transportation
industry. The first step in the development of the industry
was made a century and a half ago, when the lighting
of the streets of one of the cities of Ukraine — Lviv —
artificial, produced from coal by gas.

Considering the large branching of the system for the
extraction and transportation of hydrocarbon products, as
well as the remoteness of industrial facilities from each
other, the length of the system for extracting and trans-
porting oil and gas products is about 12 thousand km.

At this stage of operation of the oil and gas sector of
Ukraine, most of the fields are operated at the final stage
of development, characterized by a significant decrease in
reservoir pressure, low well rates, high content of reservoir
water and hydrocarbon condensate in reservoir products.

Therefore, taking into account the existing technical
condition of the system, as well as the age factor of oil
and gas fields under operating conditions, the development
and selection of optimal methods for cleaning pipelines for
various structures of multiphase flows is a problematic issue.

3. The aim and ohjectives of research

The aim of research is determination of a wide range of
similarity criteria, which describe the movement of multi-
phase flow in pipelines of the gas-collecting and product-
collecting systems with a wide range of content of natural
and associated gas in the mixture.

To achieve this aim it is necessary to perform the fol-
lowing objectives:

1. To investigate sections of pipelines on which structural
flows follow each other in length and lead to a constant
transition of one form to another.

2. To develop an algorithm for determining the structural
form of gas-liquid flow, assess its type and uniformity, as
well as determine the parameters of the hydraulic state.

3. To develop an algorithm for choosing the best ways
to drain fluid from the cavity of the pipeline according
to their principle of operation.

4. Research of existing solutions
of the prohlem

Any gas pipeline oil and gas system can be considered
as a transported gas-liquid flow with different gas content
in the flow structure. That is why in world practice these
structures are modeled in separate simulation programs,
depending on how the flow is considered.

Schlumberger’s PipeSim simulator is used for analytical
studies, such as well modeling, optimization of mechanized
production, modeling of pipelines and process equipment [2].

Weatherford’s WellFlo software is a standalone appli-
cation for designing, modeling, optimizing, and trouble-
shooting oil and gas wells operating in both the fountain

and mechanized mode. This product allows the engineer
to build models of wells and pipelines using a convenient
user interface. Models constructed in this way accurately
reflect the flow of any type of fluid from the reservoir,
as well as the flow in tubing (tubing) and land lines [3].

Another of the software tools in which it is possible to
create integrated models from the field to the preparation
system is Petex of the Petroleum Experts company [4].

It is also like to mention the software simulator of
the unsteady multiphase flow OLGA from Schlumberger.
The dynamic multiphase simulator OLGA allows to cal-
culate changes in flow parameters in wells and pipelines
as a function of time, that is, to simulate stationary and
transient flow regimes [5].

In national practice, for modeling flows, the provisions
for calculating hydraulic parameters set forth in [6] are
supplemented by methods of the Ukrainian Research In-
stitute of Natural Gases (UkrNDIGas) [7]. These methods
are based on the treatment of theories [8, 9] to determine
the boundary between liquid accumulations in lower sec-
tions of the pipeline.

In fact, the use of these methods allows to determine
the amount of contamination in the cavity of the pipeline,
as, for example, proposed in scientific work [10]. Or to
monitor the work of a number of pipelines, form the gas
collection system of fields, as provided for by regulatory
documents like [11].

To date, much attention is paid to the study of two-
phase flow. Models of gas and liquid movement in pipes
have been developed, new methods for determining the
amount of liquid in a gas pipeline cavity and methods for
extracting liquid from a gas pipeline have been created,
and devices for removing liquid have been modernized.
One of such methods is the method of creating a pulsed
mode of the working gas flow [12].

Therefore, solving the problem of analyzing the operating
modes of pipelines in the oil and gas sector, identifying
problem areas from the point of view of the deterioration
of hydraulic efficiency, as well as justifying the feasibility
of implementing measures to clean gas pipelines are promi-
sing issues.

When solving the problem of cleaning the pipeline, it is
necessary to find out the causes of the ingress of fluid and
the amount. This will provide an opportunity to monitor
any changes in the process of operation and make a timely
decision on the time and method of cleaning. It should also
be noted that the amount of pollution in gas pipelines,
calculated theoretically, differs from a certain experimental
one. Therefore, this problem requires detailed study.

In addition, attention should be paid to the differences
in the approach to cleaning the internal cavity of the field
pipelines. In accordance with the requirements of regulatory
documents, the decision on cleaning this type of pipelines is
made solely on the basis of an internal pipe inspection [13],
which is virtually impossible to do in Ukrainian specific
conditions, which are described in detail in [14].

However, it should be noted that in any conditions,
a multiphase medium will form in the pipeline cavity. This
medium is considered to be relatively stationary under
the operating conditions of mature fields, or it constantly
changes its shape when it is localized in low places under
the condition that the thermobaric mode of operation is
changed [15]. Although, on the other hand, the problem
of the behavior of multiphase media under conditions
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of changing temperature and pressure conditions of the
pipeline is mainly highlighted for oil pipelines and col-
lector threads collecting oil, considering the possibility of
formation of both paraffin deposits [16] and tar [17, 18].

The processes of fallout and the formation of fluid
accumulations in gas collection systems are more specific.
Such pollutants are more mobile when the main pollutant
is gas condensate, and more resistant to localization at
the final stage of field development, when they will be
formed exclusively from water fractions only with traces
of condensate. In any cases, experts recommend a com-
prehensive survey of pipeline sections where fluid accu-
mulation is possible [19].

In [20] it is presented that to prevent the accumulation
of liquid contaminants in the cavity of the pipeline in the
ascending sections of pipelines, measures were taken to
replace the plumes of large diameters with smaller ones.
Accordingly, these measures were carried out with the
aim of ensuring the minimum necessary gas velocities to
ensure the removal of fluid in the complex gas treatment
units (CGTU).

Accordingly, it remains an open question how to choose
the best method for removing the formed amount of pollu-
tion, because according to the stage of field development,
the effectiveness of their implementation will be different.
First of all, it is necessary to evaluate the structure of
the flow, the homogeneity of the liquid formation in the
pipeline cavity (define its structure as a mobile dispersed
or plug or existing homogeneous mass, which is in a state
of relative rest). And at the last stage, choose the most
optimal method for draining the liquid from the cavity
of the pipeline.

5. Methods of research

To develop an algorithm for determining the structure
of a homogeneous flow and the flow of homogeneous flows,
it is necessary to perform a series of successive steps:

— to draw up a profile of the pipeline route profile;

— to determine the equivalent ascending and descen-

ding sections of the route and carry out their hydraulic

calculation.

The longitudinal plan-profile of the pipeline route is
designed to determine the effect of the terrain on the
formation of zones of increased hydraulic resistance to the
movement of a liquid-gas stream (localization of water,
paraffins, mechanical impurities) and zones of formation
of gas caps. These processes increase the rate of pressure
change in the pipeline under conditions of a constant flow
of fluid in its cavity as a result of mechanical removal
from the wellhead or separation equipment [21].

The development of technology now makes it possible
to use simple, publicly available software products for the
compilation of longitudinal plan-profiles of the route, such
as Google Earth. These software systems provide only
a binding to the terrain of the pipeline route with auto-
matic profile construction.

The ascending segment of the equivalent route is con-
sidered to be such a segment between the crossing points
of the real profile, along which, regardless of the number
and slope of the intermediate sections, the mixture moves
only upwards.

The length and the first equivalent ascending section
are taken as the total length of the ascending sections

of the real route between two crossing points (Fig. 1).
Such an algorithm is completely based on the provisions
of [6] and is described in detail in [21].

In
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Fig. 1. Scheme for determining the length of the i-th section:
a — ascending; b — descending

Determination of the equivalent ascending and descen-
ding part of the route:

l/IS(‘ zlkmm (1)

where [, — the length of the k-th section, which is
included in the ascending section between the crossing
points, m.

For the angle of inclination of the ascending equivalent
area, the average angle of inclination is taken, which is
determined by the condition:

. H,-H,
(Sln Qigse )t‘q = (l

e
) )
iasc ) oq

(2)

where H,-H, — marks the starting and ending points of
the ascending section, m.

In fact, the use of such an algorithm significantly in-
creases the time required for the project, since the number
of ascending and descending sections, according to the
length of the investigated gas pipeline, can reach hundreds
or more. This ultimately leads to the need to process
large amounts of data for weeks. The use of the above
software systems reduces the time required for processing
to several hours.

In the future, after determining the geometry of an
elongated gas pipeline in space, an assessment of the
structural flow of the work should be carried out, which
involves the determination of criteria describing the flow
structure in dimensionless quantities.
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6. Research resulis

6.1. Experimental studies. Conventionally, a multiphase
mixture is at least two components: liquid and gas rise
from the bottom of the well and move to the horizontal
component of the gas production system. Depending on the
type of a deposit, liquids may differ in density and visco-
sity, forming both emulsion formations and separate isolated
structures during transportation. In addition, suspensions
of the compound may appear in the gas-liquid stream as
a result of mixing the liquid with solid impurities (clay de-
posits, sandstones, drilling mud residues, propping agent, etc.).

Conventionally, in the life cycle of a field, there are
three main stages, as shown in Fig. 2:

1) early (high pressures, high speeds, leading to dis-
persion of one type of fluid in another);

2) stage of stabilization (intensification) of production,
characterized by the formation of plug structures moving
between parts of the system;

3) late, at which the drop in production leads to the
separation of the main fluids and the formation of liquid
accumulations in the lower generatrix and gas caps in the
transfer points of the system.

]

v
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c

Fig. 2. Characteristics of the movement of mixtures at various stages
of development: a — early stage; b — stage of production
stahilization (intensification); ¢ — late stage

In fact, the main task of the algorithm is to determine
what type of structural flow the researcher is dealing with,
and also by the quantitative content of a liquid in a gas
or gas in a liquid, to determine the uniformity of flow.

The definition of the transfer mode of the liquid-gas
mixture on the ascending pipeline is performed in the fol-

lowing sequence [22]:
0, Y
X
P1—P2

a) V value is determined:
xexpl (8+62-[1)-B, ], 3)

v =(8.2—0.017-u°-6){Rez Fr, -

where n=p,/u; — reduced viscosity; w;, w, — dynamic
viscosity of the liquid and gas phase, respectively, Pa-s;
B;=Q,/Q. — content of liquid in the stream of liquid-gas
mixture; Q;, Q. — volumetric flow rates of the liquid and

the mixture, respectively, m3/s; p;, p, — density of liquid and
gas phases, kg/m3 Re, =(p,-w,-D)/u, — Reynolds number,
describes the mode of motion of the gas in the mixture;
w,=4Q,/nD?* — velocity of the liquid-gas mixture, m/s;
Fr.=w?/gD — Froude criterion for liquid-gas mixture.

When V<1 - flow mode is ring; V'>1 — flow mode
is plug or stratified;

b) froude criterion Fr* is determined by the content
of gas and liquid in the mixture:

2+ SIN Ol

* _
Fr —[0.2+ X

J-Bf -exp(-2.5-B), (4)

P

where B,=1-B, — the gas content in the stream of liquid-
gas mixture; o, — the maximum inclination angle of the
descending sections of the pipeline’s equivalent route, rad;
A, — hydraulic resistance coefficient, which is determined
from the system of equations:

2sino-g-D
=
P
) 5
%, =0.067 (158 2'1%]” )
=0.067- + :
r Re, D

where Re,=(p,-w,-D)/u; — Reynolds number, describes
the mode of motion only of the liquid component; K., —
equivalent roughness, m; w, =4Q, /nD? — fluid velocity, m/s.

At Fr,> Fr" on this site of the pipeline the plug mode
of a stream of a mix takes place. At Fr, < Fr' at this sec-
tion of the pipeline there is a stratified mixture.

The pressure drop in the calculated area when the
ring and plug flow in the descending areas is determined
by the formula [23]:

APt (BB |
- (BP1+qﬁ)292)—(¢1p1+¢2p2)-g-smoc

AL 2D’

, (6
o (6)

where ¢, — the actual volumetric content of fluid in the
flow (the part of the pipe that is occupied by the fluid);
A. — coefficient of hydraulic resistance.

The value ¢, for a descending flow of a liquid-gas mix-
ture in a ring mode is determined by the formula:

1
o =[1- y
1+3.84‘106~{R61Fn( P2 J]~sin(x1’66
P1—P2
5.5-,/100-B,
L (7

X
3
|:Re1Fn[ i ]:|
P1—P2

where Re,=(p;-w,.-D)/u; — the Reynolds number, which
describes the mode of motion of the fluid in the mixture.

The value ¢; for the descending plug flow is deter-
mined by the formula:

(|)1=1—K-B2, (8)

where K — coefficient taking into account the effect of
viscosity of the liquid.

2
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K=0.35+14-{u at £<0.01, 9)

K=0.77+0.23- /i at g>0.01. (10)

The actual coefficient of hydraulic resistance in the
ring mode is determined by the formula:
A =h-y, (11)

where A — coefficient of hydraulic resistance when a ho-
mogeneous fluid flows.

where y — the combined coefficient of hydraulic resistance.

1
pi—p2 |?
X
P2

x exp[ -15-(p+B1)]-4/100-B;.

158 2-K,,
R1 D

A=0.067- ( (12)

y=1+ 0.0031~(R62Fn. .

(13)

In case of a plug-flow mode, the actual hydraulic re-
sistance coefficient is determined by the formula:

2K, 187

D Re1 \/XD ’ an

Mz[(3—1.26~a) 2.q. lg[

where

1
&ﬂ%( K)-(a/B)

K is determined by the formulas (11), (12).

In the stratified flow regime, the hydraulic pressure
drop for the descending section is determined by the
formula [24]:

AP Py W3 .
E:M'TDF —p,-g-[sinal. (15)
Hydraulic diameter:
DH:D' ¢2,
4-Q, 0 —sin6-cosO
wz_ﬂ:-Dlg’ 2= p ) (16)

where Qy — the volumetric gas flow rate, m3/s; & — half
of the central angle to the liquid segment, rad (Fig. 3).
The actual fluid content is determined by the formula:

where Rey; =(4-Q,-p2)/(Dy -1y -0) — the Reynolds number,
which describes the gas flow regime for the hydraulic
diameter.

Fig. 3. Distribution diagram of liquid and gas in the pipe
to the condensate line

Since, by their nature, the flow movement structure
can’t be expanded in ascending sections, the determina-
tion of the transfer mode of the liquid-gas mixture in the
ascending section of the pipeline is based on the deter-
mination of (5) V*

— at V'<1 — there is a ring flow of the mixture;

— at V<1 — there is a plug mode of the mixture

flow is realized.

Hydraulic calculation of the ascending pipeline section
is made according to the formula:

AP pt B3 .

AL =A 2D o, —pit o —P2 +(¢1p1+¢2p2)-g-slnoc. 19)
The value ¢; for the ascending ring flow is determined

by the formula:

o 5.5-,/100-B,

* =100, T
(RqFrc P J
P1—pP2

where ¢; — the actual volumetric content of the liquid
at zero fluid flow:

(20)

3.3-W,

¢; =0.0053 - at W, <3.3,

s 3
— P2

2

(Ra -Fr,
P1

0;=0at W, >3.3,

where

p _ 0.25 0.5
w“:w{W] [p] ,
G-g-sino Py

-1

¢1=2.63-</Fr( 1‘(0402+ \sinoc\) . (17) o — the surface tension force of the main component of

the liquid-gas mixture, N/m.
For the ascending cork flow, the actual gas content

Actual hydraulic resistance coefficient: is determined by the formula:
re=0.067[ 28, 2Ka - 18 K1 PR 2
| A8)  ou=K-|1-exp| ~doy |7 ||-Be 22)
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Fr, value is determined by the relationship:
Fr, =1150-1°™ at ©£<0.001,

Fr, =9.8-1" at 1>0.001. (23)
The value of K is determined by formulas (11) and (12).
With an ascending ring flow of the mixture, the value A,

is determined by formulas (11)-(13). With an ascending

plug flow, the value A. is determined by formula (14).

6.2. Analysis of operating modes of gas pipelines. The
operating modes of the gas production system determine
the dynamism of its operating modes, which lead to the
movement of liquid formations in the cavity of pipelines,
which is especially characteristic of the final stage of field

development. For the evaluation, a system of inter-field
transportation of products between the installations of the
fields at the final stage of operation was chosen. In fact,
as can be seen from Table 1 based on the processing of
the actual operation mode of gas condensate lines with
significant gas content in the flow, the structural cur-
rents follow each other in length and lead to a constant
transition of one form to another.

As a result, this leads to an unpredictable rapid release
of liquid, because in order to prevent this phenomenon, it
is necessary to introduce measures to divert water from the
cavity of pipelines. It is possible to estimate the volume
of this instantaneous surge due to the movement of liquid
plugs under conditions of a decrease in the operating pres-
sure in the system between industrial pipelines or changes
in other operating conditions (Table 2).

Tahle 1

Baseline data for determining hydraulic resistance coefficients and flow patterns

Pipeline name

Pipeline for pumping multiphase mixtures (condensate, water, oil, gas) from complex

gas treatment units (CGTU) Komisnia to CGTU Yarivska

Measured parameters of hydraulic state

9:00 May 1, 2017 — 9:00 May 2, 2017

The period during which studies were conducted

1 day from 8:00 on May 1, 2017

The mass of the mixture at the beginning of the pipeline, kg/h 3387
Initial pressure, kgf/cm? 19.39
Final pressure, kgf/cm?® 18.12
Initial temperature, °C 23.28
Final temperature, °C 12.23
The density of the mixture in the initial section, kg/m® 695.6
The density of the mixture in the final section, kg/m3 702.35
Number
lenl:gl[‘ta}il,l o Internal diameter, mm of sections — 18
Technical specifications Ascending | Descending
275048 8184i1;nnm— ?&rtt}lirs::le ttl'[lle 19111'1.:1‘ ]il{tll]i-ll',lt 4 14
Detailing by sections
No. Type Length, m Internal di- Tilt angle, Flow The S]JEE.El [}f mFlvement of . Section passage The nueﬂ.icient' of area
SEC. ameter, mm deg structure | the gas-liquid mixture, m/s | time by the liquid, s | hydraulic resistance
1 asc 500.009 143.0 0.005999928 | stratified 0.088 5695.038129 0.031642807
2 asc 1500.00133 143.0 0.001333333 | wave plug 0.088 17084.82505 0.031338705
3 des 400.211 143.0 0.032488565 | stratified 0.088 4558.354773 0.032032458
4 des 2000.025 143.0 0.004999958 | stratified 0.088 22780.03123 0.031619386
5 des 800.3905 143.0 0.031239833 | stratified 0.088 9116.346677 0.032038302
B asc 4800.015 143.0 0.002489995 | wave plug 0.088 54671.56241 0.031516794
7 des 500.014 143.0 0.002389995 | stratified 0.088 5694.953022 0.031515737
8 des 1100.0003 143.0 0.000727273 | stratified 0.088 12528.86388 0.031281565
9 des 600.053 143.0 0.013332543 | stratified 0.088 6834.531378 0.031894418
10 des 1000.05 143.0 0.009999667 | stratified 0.088 11390.44272 0.031834775
11 des 800.25 143.0 0.024994794 | stratified 0.088 9114.745617 0.032047527
12 des 402.305 143.0 0.107088749 | stratified 0.088 4582.198524 0.0323958907
13 asc 9800.074 86.0 0.003877532 | wave plug 0.243 40371.33017 0.027279678
14 des 900.067 86.0 0.012221614 | stratified 0.243 3707.820177 0.02786271
15 des 800.01 86.0 0.004999958 | stratified 0.243 3285.635208 0.027420804
186 des 801.05 86.0 0.0512052 | stratified 0.243 3289.919218 0.028486385
17 asc 200.068 86.0 0.025994144 | wave plug 0.243 824.1769342 0.028221896
18 des 600 86.0 0.000333333 | stratified 0.243 2471.695648 0.025728953
0.088 - at the initial sec- 218022.5 0.032 - at the initial
General and weighted average indicators tion, 0.243 — at the final | (2 days, 12 hours, | section, 0.027 — at the
section 32 minutes) final section
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Tahle 2
The time required to move the fluid plug [25]

Level Volume of a Section Linear The time required to
liquid plug, m® | length, m | speed, m/s | move th plug, min
Minimum 15.0 7000.0 4.0 30
Average 15.0 7000.0 16.0 8
Maximum 15.0 7000.0 28.0 4

The time required for this plug to be moved by the
gas flow from the lowered position of the pipeline to the
entrance to the separation equipment
is presented in Table 2. For its eva-
luation, the following calculated data
are used:

Using the values of the initial working pressure and
the calculated pressure loss, the calculated final pressure
is determined and compared with the measured values ac-
cording to questionnaires or instrument measurements. If
the value of the calculated final pressure is higher than the
measured one, the formation of contaminants is recorded
at lower points of the pipeline route.

An example of the calculation is given for the existing
section of the pipeline pumping gas production between
two installations. The results of the comparison of the
measured value of the final pressure and its calculated
value are summarized in Table 3.

Tahle 3

Detailing on pressure losses due to hydraulic resistance of the sections

in the investigated period from 01 to 14 May 2017

,7 the I.naxynum speed 1S forn,led Mass of the | Initial Hydraulic Final Final Difference in
in the pipeline when the operating Dat supplied pres- | (calculated) | pressure pressure the values of
pressure drops to 12 at — 28 m/s; ate mixture, sure, losses, (calculated), | (measured), | the final pres-
— the maximum speed is formed kg/h kgf/cm?® | kgf/cm? kgl/cm? kgf/cm® sure, kgf/cm®
intheIﬁpeh?e\vhen<nxwaﬁngéﬂ 01.05.17 3387 19.60 1.01 18.59 18.27 0.32
a pressure of 24 at — 4 m/s; 02.05.17 3215 | 1942 | 1.01 18.41 18.20 0.21
— the average speed formed in the
pipeline when the operating pres- 03.05.17 3254 | 1946 | 1.01 18.45 18.19 0.26
sure decreases to 12 at — 16 m/s. 04.05.17 3255 19.22 1.01 18.21 17.95 0.26
As can be seen from the Table 2, 05.05.17 3406 19.66 1.01 18.85 18.22 0.43
the expected time of fluid intake will
begin 4 minutes after the working 06.05.17 3365 | 1950 | 1.00 18.50 18.17 0.33
pressure is reduced and will end after 07.05.17 3356 19.32 1.00 18.32 18.04 0.28
. . . 3
30 minutes, during which 15 m* of 08.05.17 3352 | 1901 | 1.01 18.00 17.67 033
water will be picked up in the sepa-
rators. If the volume of such a salvo 08.05.17 3465 19.51 1.01 18.50 18.04 0.46
emission is signiﬁcantly largcr than 10.05.17 3451 19.72 1.00 18.72 18.29 0.43
the design of the input separator, this 11.05.17 3420 | 1946 | 089 18.47 18.07 0.40
will lead to an emergency stop of 12.05.17 3432 | 1941 | 1.00 18.41 17.97 0.44
the equipment.
Mostly salvo emissions of the li- 13.05.17 3506 | 1981 | 1.00 18.61 18.03 0.58
quid are provoked by a sharp change 14.05.17* 3521 20.11 1.00 19.11 18.47 0.64
in the pressure mode of operation -
Weighted aver-
and can be monitored with a pressure agggi“di,:alm 33846 | 1951 1.00 1851 18.13 0.38

drop in the pipeline, namely by com-
paring its optimal (nominal) values
and actual parameters.

The actual values of pressure and temperature at the
initial, final and intermediate points of the pipeline section
are simultaneously selected according to the indications
of questionnaires or measurement data. Chromatographic
analysis allows to remove the gas-condensate characteristic
in the case of continuous polling with flow meters [26].

For each specific section of the pipeline, in accordance
with its orientation in space, according to the above al-
gorithm, the structure (type) of the liquid-gas flow is
selected and the corresponding parameters of the hydraulic
state are calculated. The actual hydraulic condition of the
ascending and descending sections of pipelines is evaluated
according to the actual coefficient of hydraulic resistance,
which is calculated in accordance with the structure of
the liquid-gas flow according to an algorithm.

The actual and nominal pressure loss for the present
hydraulic condition of the pipeline by adding them to all
the studied areas is calculated:

B Nase M Nes M
= (; AT Z’ AL )L.

Note: *

(24)

— salvo fluid redistribution

As can be seen from the Tables 1, 3, the presence of
various patterns of movement of the gas-liquid mixture in
the cavity of the pipeline leads to a volatile redistribution
of fluid at a certain point in time due to a change in the
pressure mode of operation. This necessitates the use of
various methods of removal of pollution, and for certain
pipelines requires an integrated approach to solving the
issue of removal of pollution from the cavity of pipelines.

6.3. The construction of the algorithm for selecting
the optimal method of removal of contaminants from the
pipeline cavity. From the choice of the method of removal
of fluid with the presented algorithm, the hydraulic state
of the collection systems and inter-industrial transporta-
tion of products with different gas content with a total
length of about 12.0 thousand km were analyzed, which
were divided into three groups:

1) for deposits at an early stage of operation — 2 %
of the total;

2) for deposits with stabilized (or smoothly falling)
production — 24 % of the total;
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3) for deposits at the final stage of operation — 74 %
of the total.

It is established that the choice of the optimal method
of cleaning the internal cavity of the pipeline depends on
the following main factors:

— structural form of the mixture movement, during

pumping of which pollution is formed,;

— true gas content, which determines the homogeneity

of the gas or liquid flow and determines the type of

pipeline with which the researcher is dealing;

— hydraulic condition, necessitates the removal of fluid.

Based on these calculation results, the algorithm for
selecting the optimal method for cleaning the pipeline
cavity from accumulated pollution results in the following
sequence presented in Table 4.

In fact, for the same pipeline, it is possible to apply
various methods of drainage, eliminating the obviously in-
effective, using the data of Table 4 and an algorithm for
evaluating the structural forms of motion and the hydraulic
state of pipelines pumping a multiphase medium is presented.

The choice of the optimal measure should be based on
the assessment of the influence of the three factors listed

above, on the basis of its action and based on a mathe-
matical model of the change in the structural form of
the gas-liquid mixture or pollution, which is confirmed
by experimental studies.

As can be seen from the presented analysis, the most
optimal method of cleaning the gas pipelines of the col-
lection systems and the inter-industrial transportation of
natural and petroleum gas is the transmission of pistons,
since they can be used for any periods of field develop-
ment and the corresponding structural flow streams. How-
ever, refining pistons have significant limitations in the
use of mature gas fields for gas collection systems, since
these systems are equipped with non-corrugated fittings,
and the condition of the internal surface of pipelines is
eroded and worn. For depleted fields, the optimal point
is the selection of liquids, which requires the installation
of a large number of traps [14].

The optimal solution is the development and applica-
tion of new designs of cleaning pistons. One of which is
elastic models of pistons, which can undergo both local
narrowing and local resistance in the form of non-curved
fittings.

Tahle 4

Algorithm for choosing the best ways to drain fluid from the pipeline cavity

1 Definition of flow patterns

1 Stratified with a smooth surface and the formation of
waves when changing the technological operation mode

2 Plug typical for ascending areas or salvo emis-
sions of liquid when changing operation modes

3 Ring typical for plumes of flowing wells or
gas pipelines with full load

2 Determination of structure homogeneity (phase mode and main phase) by

true gas content

1 gas con- 2 gas content — | 3 gas content |1 gas content — |2 gas con- 3 gas content |1 gas con- |2 gas 3 gas content
tent — 1: gas | 0: product in 0.6-0.99: | 1: gas pipeline tent — 0: in 0.6-0.99: tent — 1: |content —» |of 0.6-0.99:
pipeline with | pipeline with the |a product with salvo emis- | product pipe product pipeline | gas pipeline | 0: product |a gas pipeline
liquid in low | formation of gas | pipeline with | sions of liquid with gas caps | with ascen- in which pipeline in | (emergency mode
places caps in trans- a stratified flow, | from low places | that cause ding sections a small which gas is | close to a water
shipment points | the lower one pressure pulsa- | filled with gas, |amount concentrated | hammer) or an
being occupied tions through which | of liquid in a liquid | ascending section
by a liquid, the the liquid is moves in stream in of a product pipe-
upper one by pushed in the |the form of |the form of |line in which a
a gas form of stop- a film bubbles gas is surrounded
pers by a ring of liquid

3 Verification of compliance of the hydraulic operation mode with nominal Py a= Pymess), if not, then:

Fluid forms |Gas forms a gas | Volume of Salvo removal of | The estab- The liquid com- | The liquid | Gas reduces | Ring traffic is
pollution in | cap in the upper |a more dense |the liquid from lished gas cap |ponent moves | provides the viscosity | formed on the
lower trans- | transfer points of |liquid (water) |the lowered point | determines in the form of a | additional of the mix- |ascending sec-
fer points the pipeline is formed of the pipeline the mode of plug due to the |resistance |ture, reduc- |tions, and cork
(natural fluid at the lower occurs operation of ascending por- | during ing energy |on the down ones
traps) transfer points; the pumping tion, changing | transfer, consumption

a gas cap equipment in the structure to | moving in for pumping

occurs at the cycles layered in the |the form of

upper transfer descending a film

points

4 The choice of the type of method of pollution removal from the pipeline cavity and a description of the operation principle

periodic — periodic — gas periodic — periodic — removal | periodic — gas | periodic — permanent — | for plumes | permanent —
removal of release from removal of the | of fluid from the | release from removal of the |liguid film |of wells to | liquid film break
fluid from the |gas cap most dense cavity gas cap most dense break and |remove gas |and its removal
cavity pollution pollution its removal | is impractical

5 Definition of the list of methods of pollution removal

1 Drain tube
2 High-speed
flow

3 Piston skip

1 Drain tube
for venting gas
to the following
areas

2 Piston skip

1 Drain tube
2 Piston skip

1 Drain tube
2 High-speed flow
3 Piston skip

1 Drain tube
for venting gas
to the following
areas

1 Drain tube 1 Drip on 1 Piston 1 Drip on the

2 Piston skip the prin- skip principle of
ciple of the the expansion
expansion chamber
chamber

;28
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7. SWOT analysis of research resulis

Strengths. Conducting periodic studies of the state of
industrial pipelines excludes additional costs for the com-
pany to use inefficient methods for cleaning the system.

As a result of research to determine the structure of
the form of movement and the actual hydraulic state of
industrial pipelines pumping a multiphase medium, will
allow to determine the sequence of choosing the best ways
to drain fluid from the cavity of the pipeline in accor-
dance with the principle of their action. Such a sequence
will make it possible to discard the obviously ineffective
methods for one or another type of industrial pipelines
from further analysis.

Weaknesses. The research results are somewhat diffe-
rent from the actual data.

Opportunities. The need to create composite materials
that will be able to keep the shape, moving in the form
of a tube through the cavity of the pipeline.

Threats. The proposed algorithms require further re-
search.

It has been determined that the best method of clea-
ning between industrial gas pipelines and well plumes is
the transmission of cleaning pistons, the use of which,
however, is limited for gas gathering systems of mature
fields. Improvement of the design of such cleaning pistons
is possible only due to a significant increase in their elas-
ticity, which requires the creation of a composite material
that would keep the shape moving in the form of a plug
through the pipeline cavity with the optimal transit time
between the initial and final points.

1. A study of the inter-field transportation of products
between the installations of fields at the final stage of
operation is carried out. The regularity of the flow struc-
ture transition in the stratified sections of the pipeline is
established. It is also noted that when the flow went to
the ascending section, the flow structure changed to wave
or cork. It is noted that during the transition from the
stratified flow into the wave or cork structure of flow,
a slight decrease in the hydraulic resistance coefficient is
observed in the investigated area. It is established that
85 % of the pipelines of the oil and gas extraction system
of mature fields transport raw materials in the form of
a stratified structure.

2. An algorithm for determining the structural form
of the gas-liquid flow is presented. An assessment of its
type and homogeneity is carried out, the parameters of the
hydraulic state (nominal and actual pressure losses during
system operation) are determined. It is determined which
processes cause different values of the final pressure in the
studied pipeline sections. The proposed algorithm allows
to clearly define the structure of the flow at a particular
point in the system. Having the data calculated by the
presented algorithm, it is possible to localize accumula-
tions of pollution, as well as to prevent salvo emissions
on separation equipment.

3. Based on the algorithm for determining the struc-
tural forms of the movement and the actual studies of
the hydraulic condition of industrial pipelines, oil and gas
production systems of various types of fields are formed,
and a sequence is developed to select the optimal me-

thods for removing fluid from the pipeline cavity. Such
a sequence makes it possible to discard the obviously
ineffective methods for one or another type of industrial
pipelines from further analysis.

It is established that the choice of the optimal mea-
sure should be based on the assessment of the influence
of such factors as are presented below:

— structural form of the mixture movement, during

pumping of which pollution is formed,;

— true gas content, which determines the homogeneity

of the gas or liquid flow and determines the type of

pipeline with which the researcher is dealing;

— hydraulic condition, which necessitates the removal

of fluid.
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RATIONALIZATION OF PORT
INFRASTRUCTURE MANAGEMENT
DURING ICE NAVIGATION

Lysyy A,
Kotenko V.,
Yakovisev S.

06’cxmom docriowcenis € ynp 6AiHHs MOPCHKOIO NOPMOBOIO THPP CMPYKMypoio 6 nepiod 1vodosoi n iz uii.
O0num 3 1 UbOLILW NPOOLEMHUX NUM Hb € P UioH 113 uis i epexmuenicmsv 1b00060i nposodxu. H ocnosi cm -
MUCTUYHUX 0 HUX OYI0 BI03H YEHO 3H UHe SHUICCHHS 8 Hm Jcoobiey 6 nopm x A306cvkozo mops (M piynow
i Beposmcox (Yep in )) npomszom ycvozo iv0006020 nepiody. IIposedeno docuidncenms neobxionocmi suxopu-
Cm HHA M Ni3Y 1 NPOZHO3YE HHSA CE30HHUX NPOUECIE 6 Ynp 6AIHNHI UPOOHUU0I0 OLAIbHICTNI0 MOPCOKUX NOPMIE,
3 00noM02010 CM MUCTMUYHUX O HUX, 0L 6U3H deHHs Oun MIKU 6 Hm H000izy MOPCLKUX NOPMI6 6 nepiod
10006801 06cm nosku. H ocnosi cm mucmuunozo H 1isy 0 nux 6yni0 copmyivo8 Ho NOHAMMS CE30HHOCMI
JIodoymeopenis 8 A306CbKOMY MOPI.

B npoueci docrioncenns 0 1O 6U3H UEHHs NOHAMMS () KMOP CE30HHOCMI SK K Mezopil, wo 6up i €mvcs
Y BU2NA01 KOIUS TbHUX NPOUecis. A m Ko po3pobiero nioxio 0o popmye wuns ingopm yiinoi 6 3u, wo ép xoeye
Pisni hopmu supobHuuoT JislibHOCi NOPMY 6 YMOB X Ib00060T 06Cm HOBKU, U0 3 0060ILHAE 6UMOZ M Oesnepeps-
H020 NI HYE HHSL 1 Peeyaro8 HHsi poOOmu nopmy. 3 nponoHos Huil i po3poOIeHUTl CLOBECHUL  I20PUMM NPOZHO3Y
cm Hy 10008020 NOKPUBY 0Nt POPMYE HHA K P 6 Hi6 3 MEmO CM MUCTNUUHO20 NPOZHO3YE HHSL, BKIHOU 10UU
6ci cm 0il 06poOKU Oun miunux psdis. B pesyavm mi 6yio dosedeno cymmese smenments 6 um xHcoobizy nop-
mis 6 nepiod 1b00060i 0OCM HOBKU 1 3 NPONOHOE Hi CHOCOOU NIOBUEHHS NPONYCKHOL 30 MHOCME 600HUX ULLSXIE
6 1p00osuil nepiod. H oymxy emopis, 3 00nomoz010 ¢p kKmop  ce30HnoCmi i npozHo3ys Hist 1b000YMEOPeHiLs,
H  OCHOBI CILOBECH020 NZOPUMMY, MONCH OOCSZMU SMEHUCHHS. UMY M H  BUKOPUCTN HHSL KPUZOL M Nid 4 ¢
1000601 1 iz yil. [lepedb u emovcs, wWo 3HUNCENHIA BUX00I8 KPUZOL M 6 pelic modce Oymu 3nudxcerno 3 10—15 do
4-5. Ile, 6 c6010 uepey, 31 UHO 3HUSUMb UMY MU NOPIMIE H  YMPUM HHL KPUZOL M 1 NIOSUUUMb NPOOYKMUE-
Hicmb nopmie nio u ¢ Ab0006oi 1 iz Uii.

Kmwouosi cnoBa: ynp 6inis MOPCHKOI0 NOPMOBOIO iHpp cmpyrmypoio, 36iaviuenns 6 um Hcoooizy, MOPCHKULL
nopm, 10008 1 iz 4is.

winter period of navigation. Rational management of the
port infrastructure contributes to increasing the turnover
of goods regardless of seasonal fluctuations. Under the
port infrastructure refers to the set of available means
of communication, transport terminals and vehicles that

1. Introduction

The management, organization and planning of year-
round sea transportation largely depends on the influence
of external factors, in particular on the conditions of the

;30
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