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TRANSPORTATION BY PLATFORM 
SUPPLY VESSEL

The object of research is the process of transportation of drilling fluid used for lubrication and cooling of drill-
ing equipment of offshore oil production platforms. The subject of the study is the stratification of the density of 
the drilling fluid along the height of the cargo tank in which it is transported. The technology of transportation 
of drilling fluid on the Platform Supply Vessel is considered. A problematic point in ensuring this process is that 
during the transportation of drilling fluids, due to the action of gravitational forces on organic and inorganic 
compounds in their volume, there is a latent change in their dispersion over the volume of the fluid. This leads 
to the stratification and stratification of the fluid density along the height, as well as to the formation of sedi-
ments at the bottom of the cargo tanks, in which the drilling fluid is transported. The study is aimed at developing  
a technology that maintains a constant value of the density of the drilling fluid along the depth of the tank in which 
it is transported. The studies were carried out in the vessel system for transporting drilling fluid of a specialized 
marine vessel of the Platform Supply Vessel type with a deadweight of 5850 tons. It is experimentally established 
that for a transportation time of 6–36 hours, the density stratification of the drilling fluid is 3.04–32.04 %.  
As a method that ensures the minimum stratification of the density of the drilling fluid during its transportation, 
it is proposed to use an additional X-shaped circulation of the drilling fluid in the volume of adjacent cargo tanks. 
Studies have confirmed that the density stratification over a time period of 6–36 hours decreases to a range of 
2.30–9.01 %. The complex use of additional X-shaped circulation and simultaneous air supply to the bottom  
of the cargo tank provides a density stratification value of 0.73–2.93 %. The proposed technology was tested on 
a specialized seagoing vessel of the Platform Supply Vessel type with a deadweight of 5850 tons and can be used 
on offshore vessels that ensure the operation of offshore oil production platforms.
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1.  Introduction

Every year all countries with oil reserves increase its 
production. This is due to the constant growth in the 
consumption of thermal, mechanical and electrical energy, 
the source of which is liquid fuel. Oil fields are not only 
onshore. There are offshore fields, the main of which are 
the Persian, Venezuelan and Guinean Gulfs, as well as the 
North Sea. The development, production and transportation 
of oil in offshore areas (in comparison with continental 
sources) is characterized by an increased complexity of the 
technological process, as well as the use of special engi-
neering structures (drilling platforms) and special purpose 
marine vessels – Platform Supply Vessel (PSV). These 
vessels provide delivery of water, fuel, oil, food, necessary 
equipment and special technical fluids (drilling fluids) from 
the shore to the offshore drilling platform [1].

The functional properties of drilling fluids include the 
provision of lubrication, cooling and anti-corrosion action 
on the drilling tool [2, 3]. Drilling fluid is a complex 
multicomponent dispersed system, the dispersed medium of 
which is a lubricant of petroleum origin, and various organic 
and inorganic compounds are used as the dispersed phase, 
the specific gravity of which exceeds the specific gravity 
of the lubricant [4, 5]. Depending on the type and amount 
of these compounds, drilling fluids have different physi-
cal (primarily density and viscosity) and rheological (pri-
marily shear resistance and fluidity) characteristics [6, 7].  
In the process of transportation of drilling fluids, due to 
the action of gravitational forces on organic and inorganic 
compounds, a latent change in their dispersion over the 
volume of the fluid occurs. This leads to stratification of 
the drilling fluid and stratification of its density along the 
height, as well as to the formation of sediments at the  
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bottom of the cargo tanks in which it is transported. 
In this case, situations are possible when the amount of 
high-density sediment does not allow for pumping the 
drilling fluid through the pipelines of the system and pump-
ing it out (transferring) to the oil production platform. 
Removal of sediment manually or mechanically belongs to 
the category of work unusual for the vessel’s crew. Their 
implementation is associated with an increase in the sail-
ing time of the vessel, leads to losses of thermal [8] and 
mechanical energy [9], therefore, increases financial costs 
and reduces the economic performance of PSV.

Thus, maintaining the operational characteristics of drill-
ing fluids during their transportation by PSV-class sea ves-
sels is an urgent applied scientific and technical problem.

2.   The object of research and its 
technological audit

The object of research is the process of transportation 
of drilling fluid used for lubrication and cooling of drill-
ing equipment of offshore oil production platforms. The 
subject of research is the stratification of the density of 
the drilling fluid along the height of the cargo tank in 
which it is transported.

Maintaining the rheological characteristics (viscosity, 
dispersity, density) of drilling fluids ensures reliable opera-
tion of the equipment and the continuity of the process 
of production and transportation of hydrocarbons. In most 
cases, these issues are considered in relation to continental 
fields, for conditions that do not take into account the 
specifics of the transportation and transfer of drilling fluids 
to offshore or ocean drilling platforms [10].

The vector of scientific research aimed at optimizing 
the operational characteristics of working substances used 
in vessel power plants is aimed at studying the properties 
of marine heavy fuels and motor oils [4, 6]. The issues 
of ensuring the functional properties and performance of 
technical fluids, such as drilling fluids, are practically not 
studied in relation to the marine industry. The rules for 
their transportation have no confirmed practical recom-
mendations. Latent deterioration of their rheological cha-
racteristics cannot always be determined, evaluated and 
eliminated by the vessel’s crew.

3.  The aim and objectives of research

The aim of research is to develop a technology that 
maintains a constant value of the density of the drilling 
fluid along the depth of the tank in which it is transported. 
This will provide:

– maintaining the operational characteristics of the 
drilling fluid;
– minimization of sediment formation of heavy com-
ponents with which the drilling fluid is doped;
– reduction of energy costs for the process of pumping 
drilling fluid from the PSV to the drilling platform;
– maintenance of the technical condition of the vessel 
drilling fluid transportation system.
This aim can be achieved by solving the following 

objectives:
1. Monitor the density of the drilling fluid along the 

height of the cargo tank.
2. Consider ways to modernize the vessel’s drilling 

fluid storage and transportation system.

3. Determine the parameters for ensuring forced cir-
culation of the drilling fluid.

4. Propose parameters for maintaining the rheological 
characteristics of the drilling fluid during its transportation.

4.   Research of existing solutions   
to the problem

To maintain and restore the rheological characteris-
tics (in particular, viscosity and density) of technical fluids, 
their hydrodynamic, ultrasonic and chemical treatment 
are used [11, 12].

The hydrodynamic effect on the fluid flow is carried 
out by creating an increased pressure and increasing the 
speed of its movement [13, 14]. In this case, due to the 
fragmentation of the elements of the dispersed phase, their 
dispersion and uniformity of the entire volume of the liquid 
increase [15, 16].

During ultrasonic treatment in a fluid flow, there is  
a pulse increase and decrease in pressure in the local volumes 
of the fluid. This, as well as the provision of turbulent 
motion, leads to an increase in the homogeneity of the 
liquid and the prevention of sediment of heavy components 
that make up its composition [17, 18].

Maintaining and restoring the rheological characteristics 
of technical fluids is also possible by chemical treatment. 
In this case, additional reagents are introduced into the 
volume of the liquid, which, due to intermolecular interac-
tions, ensure the maintenance of the homogeneity of the 
liquid at the required level during the periods of storage 
and transportation [19, 20].

The above methods for solving the problem of maintaining 
the rheological characteristics of technical fluids are used 
for fuels and oils used in power plants of vessels of sea 
and river transport. An optimal solution to the important 
problem of maintaining the physical and rheological cha-
racteristics of drilling fluids during their transportation by 
vessels of the PSV class has not yet been found.

5.  Methods of research

To determine the technology that ensures the mainte-
nance of a constant value of the density of the drilling 
fluid along the depth of the tank in which it is transported, 
experimental studies were carried out on the PSV sea ves-
sel with a deadweight of 5850 tons. Vessels of the PSV 
type belong to the medium-speed class (their maximum 
speed, as a rule, does not exceed 12–13 knots), therefore 
the duration of their passage (and, accordingly, the time 
of transportation of the drilling fluid) from the port to 
the oil platform is 2–5 days. In addition, there may be 
cases where some operational and technological reasons 
necessitate drifting or parking near drilling platforms. This 
time interval contributes to the gradual deposition of heavy 
components, which are alloyed in the fluids, and increases 
the stratification of the density of the drilling fluid along 
the depth of the cargo tank in which it is located [1, 20].

The fluid was transported in six tanks of the same 
type, located symmetrically on the left and right sides. 
The system provides for technological operations for taking 
on board and delivering drilling fluid to the oil platform, 
which are provided by cargo pumps. In order to minimize 
the process of stratification of the density of the drill-
ing fluid, to prevent its stratification and the formation 
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of sediment from heavy components, the vessel’s drilling 
fluid transportation system was modernized by:

– installation of additional pipelines that ensured X-
shaped circulation of the fluid in the tanks;
– installation of aerodynamic inserts in the lower part 
of the cargo tank, through which air was supplied.
The changes made to the system are shown in Fig. 1.

a

b

Fig. 1. Schematic diagram of the inclusion of additional units in the vessel 
drilling fluid transportation system: a – ensuring the X-shaped circulation 
of the drilling fluid in the tanks; b – ensuring the X-shaped circulation of 

the drilling fluid in the tanks with simultaneous air supply

The changes made to the system were carried out by 
the vessel’s crew and agreed with the technical depart-
ment of the shipping company. The complexity of the work 
performed did not exceed 10 hours. The work was carried 
out during the ballast passage of the vessel.

6.  Research results

Density was taken as the control parameter by which 
the dispersed state of the drilling fluid was estimated. Its 
determination was carried out by an Anton Paar DMA35 
Tag&Log electronic hydrometer from LEMIS Baltic (Lat-
via-Germany), which allows measurements in the range 
of 650–1630 kg/m3 with an accuracy of ±1 kg/m3 while 
simultaneously monitoring the temperature of the mea-
sured samples [21, 22].

Samples for determining the density of the drilling fluid 
were taken at various points of the tank, corresponding 
to 30, 60 and 90 % of its depth. For the experiment, the 
drilling fluid was transported under the following conditions:

1) two tanks without changing the design of the system;
2) two tanks, in which the X-shaped circulation of 

the drilling fluid was additionally provided – Fig. 1, a;
3) two tanks, in which X-shaped circulation of the 

drilling fluid and forced air supply were additionally pro-
vided – Fig. 1, b.

The time of the PSV’s ocean passage from the port to 
the drilling platform was 44 hours, which made it possible 
to sample the drilling fluid for all experimental conditions 
within 36 hours with an interval between density measure-
ments of 6 hours. The research results are shown in Table 1.

Table 1

Change in the density of the drilling fluid (r, kg/m3) along the depth of  
the cargo tank, depending on the time and method of its transportation

Transport without changing the system design

Measurement 
level

Transportation time, hours

0 6 12 18 24 30 36

on a surface 1232 1218 1205 1188 1173 1135 1105

0.3h 1232 1230 1222 1205 1189 1178 1152

0.6h 1233 1248 1265 1285 1301 1345 1406

0.9h 1235 1255 1282 1312 1342 1385 1463

Transportation with additional X-shaped circulation

on a surface 1272 1235 1175 1122 1068 1028 1002

0.3h 1232 1220 1215 1202 1182 1179 1176

0.6h 1233 1226 1222 1208 1196 1194 1185

0.9h 1233 1242 1246 1246 1249 1258 1262

Transportation with additional X-shaped circulation and air supply to the 
volume of the cargo tank

on a surface 1233 1232 1231 1228 1227 1226 1226

0.3h 1233 1232 1232 1232 1231 1231 1230

0.6h 1235 1236 1242 1245 1248 1251 1253

0.9h 1236 1241 1248 1251 1258 1262 1263

Graphical dependencies that show the change in the 
density of the drilling fluid over time for different condi-
tions of its transportation are shown in Fig. 2.

The results, which are shown in Table 1 and Fig. 2 
indicate that the decrease/increase in the density of the 
drilling fluid occurs exponentially. The maximum increase 
in density rmax

+  (and the corresponding weighting of the 
drilling fluid) corresponds to the lower part of the cargo 
tank (90 % depth). The maximum decrease in density 
rmax

−  corresponds to the layer of drilling fluid that is on 
the surface of the cargo tank.

The highest values rmax
+  and rmax

−  corresponds to the 
transportation of the drilling fluid without changing the 
design of the system. In this case, the stratification of 
the density of the drilling fluid along the depth of the 
cargo tank:

Dr
r r

r
=

−
⋅h h

h

0 9
100

.
%, 

where rh – density of the drilling fluid on the surface 
of the cargo tank, kg/m3; r0.9h – density of the drilling 
fluid at a depth of 90 %, kg/m3 (for a transportation time  
of 6–36 h, it is Dr = 3.04–32.04 %).

In the case of modernization of the system, the density 
stratification was:

– with additional X-shaped circulation – Dr = 2.30–9.01 %;
– with additional X-shaped circulation and simultaneous 
air supply – Dr = 0.73–2.93 %.
The effectiveness of the proposed methods can be esti-

mated from Fig. 2 as the area bounded by the exponents 
of the maximum increase rmax

+  and maximum decrease rmax
−  

in density over a selected period of time.
These areas (S0

6,  S6
12, S12

18,  S18
24,  S24

30,  S30
36) can be calcu-

lated as the areas of the corresponding trapezoids [4, 23].  
The values of the trapezoid areas (which characterize the 
density stratification of the drilling fluid along the depth 
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of the cargo tank and are a criterion for assessing the 
density stratification) are given in Table 2. The area of 
these trapeziums has the dimension (kg⋅h/m3), however, 
further (in the text and in Table 2) only numerical va-
lues are indicated. The increase in area corresponds to an 
increase in density stratification along the depth of the 
cargo tank and the formation of sludge of heavy compo-
nents of the drilling fluid.

The results of Table 2 are summarized in the form of 
a nomogram shown in Fig. 3.

a

b

c

Fig. 2. Changes in the density of the drilling fluid under different 
conditions of its transportation: a – transportation without changing the 
design of the system; b – with additional X-shaped circulation; c – with 
additional X-shaped circulation and simultaneous air supply; 1 – density 

of the drilling fluid on the surface of the tank; 2, 3, 4 – at a level 
corresponding to 30 %, 60 %, 90 % of the depth of the tank

Table 2

Criterion for assessing the stratification of the density of the drilling  
fluid along the depth of the cargo tank, depending on the time  

and method of its transportation

Transportation 
method

Transportation time, hours

6 12 18 24 30 36

1 120 342 603 879 1257 1824

2 96 216 312 438 537 597

3 36 78 120 162 201 219

Note: 1 – without changing the design of the system; 2 – transportation 
with additional X-shaped circulation; 3 – transportation with additional 
X-shaped circulation and air supply to the volume of the cargo tank

Fig. 3. Criterion for assessing the stratification of the density of the drilling 
fluid depending on time for different transportation conditions:  

1 – without changing the design of the system; 2 – additional X-shaped 
circulation; 3 – additional X-shaped circulation and forced air supply  

to the bottom of the cargo tank

The nomograms shown in Fig. 3 confirm the effective-
ness of the proposed methods for maintaining the density 
of the drilling fluid. None of the options can completely 
prevent the process of settling of heavy components that 
make up the drilling fluid. Moreover, their use contributes 
to a 3.6–10.9-fold decrease in density stratification.

7.  SWOT analysis of research results

Strengths. The strengths of this study are that the pro-
posed method provides the minimum values of the density 
stratification of the drilling fluid along the depth of the 
tank in which it is transported. It also prevents the drill-
ing fluid from stratifying and the formation of sediment of 
heavy components included in its composition. Maintaining 
the required density of the drilling fluid minimizes the 
time it takes to pump it from the vessel to the drilling 
platform and reduces energy costs for this operation.

Weaknesses. The weaknesses of this study are related to 
the fact that to use the proposed method, it is necessary 
to re-equip the vessel drilling fluid transportation system. 
Such works can be performed only by agreement with 
the vessel owner, and in some cases with the Register, 
which controls the operation of the sea vessel and its 
power plant.

Opportunities. Application of the proposed technology 
for maintaining the rheological characteristics of technical 
fluids is possible in various facilities of the technological 
complex to ensure oil production (for example, onshore 
bases providing production and temporary storage of drill-
ing fluid, as well as in transport organizations carrying 
out the transportation of drilling fluid from onshore bases 
to the PSV vessel).

Threats. The option of maintaining the rheological 
characteristics of technical fluids proposed in this work 
is of an applied nature and is based on practical research. 
For the analytical calculation of the optimal processing 
time for the drilling fluid, which ensures the minimum 
stratification of its density with the simultaneous mini-
mum energy consumption for the processing process, it is 
necessary to develop a mathematical model and perform 
mathematical modeling [24, 25].

8.  Conclusions

1. It is found that to monitor the density of the drilling 
fluid, it is necessary to perform measurements at levels cor-
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responding to 30 %, 60 %, 90 % of the depth of the tank.  
It has been experimentally established that for a trans-
portation time of 6–36 h, the density stratification of the 
drilling fluid is 3.04–32.04 %.

Thus, heavy components of the drilling fluid, settling 
to the bottom of the tank, subsequently complicate the 
process of pumping it out. This can lead to breakdown 
or failure of cargo pumps, inability to pump drilling fluid 
onto the drilling platform and further disruption of the 
oil production process.

2. It is shown that in order to reduce the stratification 
of the drilling fluid density, it is advisable to modernize 
the vessel’s storage and transportation system. The paper 
proposes the following upgrade options:

a) the use of additional X-shaped circulation of the 
drilling fluid in the volume of adjacent cargo tanks (while 
pumping the drilling fluid between the lower and upper 
parts of the tanks);

b) the complex use of additional X-shaped circula-
tion and simultaneous air supply to the bottom of the 
cargo tanks.

In this case (in the case of transportation of the drilling 
fluid from the shore to the drilling platform in 6–36 h), 
the density stratification is:

– option a – 2.30–9.01 %;
– option b – 0.73–2.93 %.
The decrease in density stratification for these trans-

portation options is explained by the artificial creation 
of a laminar flow of the drilling fluid (due to its forced 
circulation between adjacent cargo tanks). As well as its 
local turbulent currents (due to additional air supply to 
the lower part of the cargo tanks). The cross movement 
of the drilling fluid (which is carried out both under the 
action of gravitational forces and with the help of additio-
nally installed circulation pumps) and air can contribute to 
the occurrence of the cavitation phenomenon. This leads 
to a forceful effect on organic and inorganic compounds 
in the volume of the drilling fluid, which prevents their 
sedimentation and maintains them in fluid.

3. It is determined that the modernized system, which 
provides the minimum level of density stratification of 
the drilling fluid during its transportation on PSV-type 
vessels, includes a mobile circulation pump and an air 
compressor, pipelines and fittings. It can also be installed 
on a specialized vessel in accordance with the techno-
logical scheme directly by the vessel’s crew. The power 
required to ensure the functioning of such a system does 
not significantly affect the energy performance of the vessel 
power plant, which is characterized by increased values and  
a large safety factor for specialized vessels that ensure 
the operation of drilling platforms.

4. The following technological solutions are proposed: 
additional X-shaped circulation of the drilling fluid, as 
well as X-shaped circulation with simultaneous air supply 
to the bottom of the cargo tank. These solutions provide  
a 1.3–3.6 fold (in the first case) and 4.2–10.9 fold (in the 
second case) decrease in density stratification – the most 
important rheological characteristic of the drilling fluid.  
This prevents the formation of sediment of heavy compo-
nents of the drilling fluid, reduces the energy load on the 
vessel’s power plant during pumping of the drilling fluid 
to the drilling platform. It also reduces the pumping time 
of the drilling fluid and helps to ensure the technological 
process of oil production.
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