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Abstruct. The article is devoted to the scientifically substantiated selection of the
main dimensions of the FPSO for operation as a pipe-laying vessel on the Caspian shelf
at the initial design stages.

On the basis of practical experience of using specialized pipe-laying vessels it is
proposed to use universal subsea engineering support vessels (SESV). A system analysis
was carried out and a mathematical model was formed to determine the main dimensions
of SESV when using pipe-laying equipment. The influence of pipe-laying operations and
equipment on the main dimensions of SESV was assessed.

On the basis of the research, the previously developed nomogram of formation of
main dimensions of SESV taking into account the use of pipe-laying equipment has been
supplemented.

The model of optimization of the main dimensions of SESV obtained on the basis
of the performed dependences and the developed nomogram was formed. With the help of
this model the parameters of SESV are determined for pipe-laying operations in the
Caspian Sea basin.
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main dimensions, optimization model.
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Anomayia. Cmammio npUCeIueHo HAYKOBO OOTPYHMOBAHOMY BUOODPY 20108HUX
posmipie COIITP ona excnayamayii ax mpyboykiadaiviozo cyona na Kacniticoxomy
wenvghi Ha nouamkogux cmadiax npoexmyseanus. Ha ocnosi npaxmuunoco 0ocgioy
BUKOPUCTHAHHA CNeYiani308aHux cyoen 018 YKIAOAHHA mpyO NPONOHYEMbCS GUKOPUC-
MAaHHs YHIGepCcAnbHUX CcyOeH 3abe3neyents niogoono-mexuiunux pobim (COIITP).
Ilposedeno cucmemuuti ananiz i copmoeaHo Mmamemamuyny MoO0enb BUSHAYEHHS
eonosnux posmipie COIITP nio uac euxopucmanHs mpyooyKiaoaibHo2o 001AOHAHHSL.
3pobneno oyinky enaugy mpyboOyKIaOanbHux onepayii ma 0ONAOHAHHA HA 20J06HI
posmipnocmi COIITP. Ha ochogi Oocniddicenus, 6yna 0onosHena po3pobiena pauiuie
HoMocpama @opmysanus 2onosHux posmipie COIITP 3 ypaxysanusm 3acmocyeamnis
mpyboyknadanvroeo ooaaouanus. Chopmosano moodenb onmumizayii 20108HUX POIMIDIG
COIITP, ompumany Ha 6a3zi GUKOHAHUX 3aNedCHOCHel | po3pobienoi Homoepamu. 3 it
odonomozoio eusnaueno napamempu COIITP, 0ns euxonants mpyooyKkiadaibHux pooim y
baceuini Kacniticoko2o mopsi.

Knrouoei cnoea: niosoowe OyoigeivHe CyoHo, mpyoOoyKIadaibHA Onepayis,
mpyboyknaoaibHe 00AAOHAHNS, OCHOBHI PO3MIPU, ONMUMI3AYIIHA MOOeb

1. Introduction.
The smooth functioning of a sea oil field requires ensuring the laying and repair of
pipelines on a sea bottom. Performance of a pipe-lay operation on a sea oil field in the
Caspian Sea, a long time is operated a pipe-lay vessel, the «RR-25» design number
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(ISRAFIL GUSEYNOYV) and the «904» design number (SULEYMAN VEZIROV), (see
Table 1). The practice of operating a pipe-pipe-laying vessel on the Caspian Sea [1, 2]
shows that pipe-lay vessels, in contrast to other types of vessels in a sea oil field, have
such features as idle time between projects. Considering this factor, in real life, applying a
pipe-lay complex on the universal subsea construction vessel (SCV) in the absence of the
pipe-lay projects allows the vessel to be engaged in other subsea construction and repair
works [3-6]. Within the research, the system analysis and the mathematical model are
carried out to define the main dimension of the vessel and ensure the optimum application
of pipe lay equipment on SCV.

To obtain the optimal main dimensions of the SCV for the pipe-laying equipment
used, an assessment of the influence of pipe-laying operations and equipment on the main
dimensions of the SOPTR was carried out using the obtained database of world fleet
vessels. Using the conducted studies, the previously developed nomogram [7, 8] for the
formation of main dimensions was supplemented, taking into account the use of pipe-
laying equipment, Fig. 11.

Using the conducted research, the main dimensions of the SCV were formed for
work in the Caspian Sea basin (see Table 3) according to the parameters of pipe-laying
operations, taking into account the geographical features.

To ensure the optimum application of pipe lay equipment on SCV within the
research, the system analysis and the mathematical model are carried out during the
research. To ensure the optimum application of pipe lay equipment on SCV within the
research, the system analysis is carried out, and the mathematical model of the

Objective of the work: Performance of the evidence-based choice of the main
dimension of SCV for operation in quality a pipe lay vessel on the Caspian Sea.

Scientific innovation: The method of definition of the main dimension of SCV
using parameters pipe lay is developed, guided by the developed nomogram of the
definition of the main dimension and dependences received from the database of pipe lay
vessels of the Caspian and world fleet.

2. The pipe lay vessels and operations carried out in the Caspian Sea and
their prospect. For ensuring smooth functioning of a sea oil field particularly important
questions of laying of subsea pipelines and cable lines become.

The most progressive way which is widely applied in world practice in the course
of arrangement of the field is laying of the subsea pipeline and cable lines from
watercrafts.

The wide complex of technical and operational requirements is imposed to pipe-
cable lay watercrafts. Their design, ship and technological the equipment and a system
have to provide:

— safety of the laid pipeline or cable, without allowing their damages to laying
process;

— the minimum course deviation of the movement throughout the route of the
laid pipeline or a cable irrespective of the changing hydro meteorological conditions;

— the high performance allowing to reduce the cost of pipelines and cable lines
operation;
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— mechanization of the heavy and labor-consuming auxiliary operations
connected with their laying.

Floating pipelines and cable lines facility can be classified by the following signs:

— as the laid pipelines and cable lines (main, intra-field, communication cables,
power cables);

— on a way of storage and transportation of pipes and cables (in the form of a
deck caravan in stacks, in winch, in bays);

— on architectural structurally type (barges platforms with the simplified
contours, one-case vessels, semisubmersible installations);

— on means of the movement (self-propelled, not self-propelled);

— on a way of positioning (the anchor, dynamic systems of deduction);

— on a design of the basic and trigger device (the stinger, a vertical stage
sending to the trench).

Technical development of pipelines and cable lines watercrafts is defined: on the
one hand — need of conducting works for more severe hydro meteorological conditions
and at big depths of the sea, and with another — increase in diameter and extent of
pipelines and cable lines.

The pipe-lay vessel is an essential element of the construction and repair of
offshore pipelines. Table 1 below illustrates the main parameters of pipe-lay vessels
successfully utilized in the Caspian Sea. The nature of the pipe-lay vessel operations
consists of a pipe laying offshore and inshore, as well as laying of the trans-Caspian
pipelines and repair of pipelines. When developing the SCV parameters with pipe-lay
equipment, the main parameters of pipe-lay vessels should be used, considering the
international experience of designing pipe-lay vessels.

Table 1

The pipe lay vessels operate in the Caspian Sea

Project Ne PP-25 «Israfil Guseynov» | Project Ne 904 «Suleyman Vezirov»
Main dimension

Length — 115,2 m;

Width — 33,0 m;
Depth — 13,0 m;
Draft — 7,0 m;

Cargo capacity — 7500 t;
Displacement — 25540 t.

Length — 108,3 m;

Width — 25,6 m;
Depth— 7,0 m;
Draft - 3,5 m;

Cargo capacity — 2966 t;
Displacement — 8900 t.

Pipe lay parameters

Pipe diameter — 219 — 820 mm;
Pipe lay depth — 10-300 m;
Pipe repair depth — 60 m;

Pipe lay speed -1500 m/day.

Pipe diameter — 219 — 813 mm;
Pipe lay depth — 195 m.
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Continuation of the Table 1

Cargo gear
Main crane — 250 t; Caterpillar crane — 100 t;
Deck crane — 60 t; Rotate crane — 60 t;
Deck crane — 30 t; 4-non rotate crane — 40 t.

Bridge crane — 15 t;
Crane boom — 40t (5pies.)

Pipe lay equipment

Stinger — 100 m; Stinger — 100 m;
Tensioners — 2 pies.; Tensioners;
Working post — 8 mmr.; Working post;

Pipe alignment post. Pipe alignment post;

Pipe store — 593 pies.

3. The system analysis and mathematical model of formation of the main
dimension of SCV when using pipe lay pipe-lay equipment. Many interconnected
factors exist when developing SCV with pipe-lay equipment. For the definition of
conditions on the research of formation of the main dimension of SCV, the block diagram
is developed (fig. 1.), interferences of parameters a pipe laying on elements a pipe laying
equipment with the developed vessel.

Vessel width

Pipe lay speed Vessel draft

Electric station power

Dicplacement

Pipe lay depth

Cargo capacity

Cargo deck square

Accommodation capacity

Crane load capacity

Fig. 1. The block diagram of interference of parameters
a pipe laying on elements a pipe lay equipment SCV
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Considering the parameters reflected in the block diagram in Fig. 1, the criterion
function (1), is developed, reflecting conditions of a research study of the influence of
parameters a pipe laying on the main dimension of the SCV. At the same time, the
sequence of formation of elements of the main dimension is reflected in Fig. 2. The
model of the sequence of formation of the main dimension is reflected by criterion
function (2).

U=App, Aps f(ZSpo), (1)

here U — function of pipe lay equipment the SCV;
Ap p. - pipe lay depth;
Ap 5. — pipe lay speed;
Sp.0. — SCV pipe lay equipment parameters.

L

Pipe lay » B d
parameters

1A

Fig. 2. The block diagram of formation of the main dimension
of SCV taking into account a pipe lay equipment

L) d) A = AP.D.) AP.S.f(B)9 (2)

here L, d, A — length, draft and displacement;

B — the vessel width.

4. Impact assessment of the pipe-lay equipment to the main dimension
of SCV.

Based on the developed structural diagram and target functions, using the
database of pipe-laying vessels of the world fleet, the dependencies of the factors of pipe-
laying equipment and the vessel (Fig. 3-31) were developed and described by formula (3).
Also, using the database, the ratios of the main dimensions of pipe-laying vessels
(Fig. 32-33) were formed, which are necessary for determining the main dimensions of
the SOPTR using pipe-laying equipment.

Cn:b*Sp.o._% 3)
p.o.

here C,, —research parameters (Cp, Cp, Cs, Cym, Cs, Ccp., Cn, Cg, Cyd, Cmo);
C — displacement;
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Cp — the vessel cargo capacity;

Cg — cargo deck square;

Cwm — accommodation capacity;

C — pipe lay speed;

Cc.p. — crane cargo capacity;

Cy — electric station power;

Cg — the vessel width;

Cg4 — the vessel draft;

CwmG — number of Main Diesel — Generators (MDG);

SP-O- — elements of the SCV pipe lay options (Sd.p,Ssp,SN,SA,SP,SM,SC.p,SS);
Sd.p — pipe lay depth;

Ssp — pipe lay speed;

S\ — electric station power;

S — displacement;

Sp — the vessel cargo capacity;

Sy — accommodation capacity;

Sc p. — cargo crane capacity;

Sg — cargo deck square.

b _ correlation coefficient the considering regularity of the considered ratios

determined by a formula (5);
C % — ratios of the studied and measured parameters.
p-o.

Thus, ratios of the studied and measured parameters it is described by expression

C% N =31 G- L Spo. @)

p

(4):

At the same time, the correlation coefficient, is described by expression (5):

n C Val
s g -G (T

Z:;l(cn Sp.o. _C%p.o.] zyzl(c_a)z

)
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Fig. 10(b). Dependence of the vessel draft and width

Using the conducted research, the nomogram [8-10], which was earlier developed
and described in publications, was added with parameters of pipe lay equipment. The
definition of the main dimension, according to the new nomogram in Fig. 11., is made in
the listed below sequence:

1. The selection width of the vessel in the presence of a pipe lay equipment in
parameters reflected in horizontal scales at the bottom of the nomogram:

— is select the value added to the nomogram, depths or speeds a pipe laying,
set in the conditions of design of the vessel (set in the lower part of the nomogram);

— we draw a vertical line before crossing from a curve the corresponding
name up;

— from the point of intersection of the vertical line and the corresponding
curve it is drawn a horizontal line before crossing with a vertical scale of the width of the
vessel to the right;

— the point of intersection of a horizontal line and vertical scale indicates
the required width of the vessel.

2. Finding the greatest value of the width of the vessel:

— having carried out actions on depth and speed a pipe laying to
independence from each other, we receive various values of width of the designed vessel;

— from the received width values, the greatest gets out for the designed
vessel.

3.Select the vessel length:

— from the received value of the width of the vessel on a vertical scale, we
draw a horizontal line before crossing from the curve length of the vessel with pipe-lay
equipment;

— from the point of intersection of a horizontal line and the corresponding
curve length of the vessel, we draw a vertical line to a horizontal scale in the top part of
the nomogram reflecting vessel length with a pipe lay equipment;

— The point of intersection of the vertical line and horizontal scale of the
vessel's length reflects the vessel's length and the necessary value of the length of the
designed vessel.
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Fig. 11. The nomogram of definition of the main dimension of SCV
the complemented pipe lay equipment
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4. Select the vessel draft:

— from the received value of the width of the vessel on a vertical scale, we
draw a horizontal line before crossing from the curve draft of the vessel with pipe-lay
equipment;

— from the point of intersection of a horizontal line and the corresponding
curve draft of the vessel, we draw a vertical line to the horizontal scale in the top part of
the nomogram reflecting the vessel draft up;

— the point of intersection of the vertical line and horizontal scale of the
vessel's draft reflects the necessary value of the draft of the designed vessel.

5. Formation of the main dimension of SCV in parameters a pipe lay
operations. Counting main dimension of SCV in parameters assumed to installation on
the vessel a pipe lay equipment, with use of models of optimization (6), (7) and (8), we
select optimization conditions:

(Sdp U Sspj =G <ZE:1XL) =L (6)
B[Sdpussp):CH(ZE:IXB)_)Bmax (7)
d(sdessp)zcn(ixdje d (®)

here L — the vessel length, m;
B — the vessel width, m;
d — the vessel draft, m;
Lniq — average size of length of the vessel;
B nax — maximum size of the vessel width;

d;yi — minimum size of the vessel draft.

Having received the main dimension of SCV (see Table 2) determined by the
nomogram (Fig. 11) with use of such parameters as depth and speed a pipe laying, we
select optimum main dimension of SCV taking into account optimization conditions on
models (6), (7) and (8). Using the formula (3) and dependences received from the
database (fig. 3-9), we receive the SCV other parameters in Table 3.
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Table 2
Matrix of optimization of the main dimension of SCV
Parameters a pipe laying according L B d
to the nomogram (fig. 34)
On depth pipe laying 110 33,5 5,5
On speed pipe laying 110 34,5 6
The received main dimension 110 34,5 5,5

Thus we receive key parameters of the SCV when using a pipe lay equipment

(see Table 3).

Considering that the nature of the work of the SCV consists of the joint work of
the installed technological complexes, each of them leaves its mark on the formation of
the main dimensions of the SCV. The subsequent stages of the study are supposed to
consider the influence of the installed mobile technological complexes on the main
dimensions of the SCV and derive the optimal values of the main dimensions.

Basic data of SCV, in parameters a pipe lay complex

Table 3

Length, m 110
Width, m 34,5
Draft, m 5,5
Cargo deck square, m’ 2000
Cargo deck dimension, (length X width), m 60x33,4
Displacement, t 18000
Cargo capacity, t 7650
Specific load of cargo deck, t/m” 2,5
Main cargo crane capacity, t 300
Block coefficient, Cy, 0,862
Electric station total power, kBt 15000
Number of main diesel-generators, pies. 6
Accommodation capacity, man. 250
Pipe lay depth, m 300
Pipe lay speed, m/h. 65
The pipe diameter, mm 1500
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6. CONCLUSION.

The work describes the parameters of pipe-laying vessels that have been
successfully operating in the Caspian Sea for a long time.

A system analysis was conducted, and a mathematical model was developed to
study the design process of the SCV, taking into account the use of pipe-laying equipment
on the vessel.

The dependencies of the parameters of the pipe-laying equipment and the vessel
were compiled and described. The previously developed nomogram for determining the
main dimensions of the SCV when using pipe-laying equipment was supplemented.

A model for optimizing the main dimensions of the SOPTR was formed based on
the dependencies performed and the developed nomogram.

The main necessary and sufficient parameters of the SOPTR were developed to
perform pipe-laying operations in the Caspian Sea basin.
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