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Xiilasa. Maqgalada sualti-texniki islori tamin edon gomilorin layihalondirilmasi zamani yaranan
risklorin askar edilmasi, tahlili va idara olunmasi masalalori arasdirilmigdir. Bir gomilorda ¢oxsayl
texnoloji avadanlglarin va miirakkab miihandis sistemlorinin birlagdirilmasi istismar zamani yiiksak
risk saviyyasina gatirib ¢ixara bilor. Taohliikasiz va samarali layihalondirmani tamin etmak magsadila
sistemli analiz tisullarindan istifads olunmusg, risklorin struktur modeli va riyazi tasviri hazir-
lanmusdir. Konstruktiv, texnoloji, istismar va ekoloji kateqoriyalar tizra risklor miiayyanlasdirilmis,
onlarin giymatlondirilmasi aparilmis va qabaqlayict tadbirlor sistemi formalagdirilmisdir. Toklif
olunan yanasma layihanin taohliikasizliyini artirmaga va oxsar texniki sistemlorin layihalondirilmasi
zamani tatbiq edila bilacak metodoloji asas yaratmaga imkan verir.

Abstract. In this article questions of identification, the analysis and risk management, arising
at design of subsea construction vessel. Association on one vessel of a large number of technology
equipment and complex engineering systems can result in high risk level at operation. For ensuring
safe and effective design methods of the system analysis were used, the structural model and the
mathematical description of risks of the project are developed. Risks on constructive, technological,
operational and ecological categories are revealed, their assessment is carried out and the system of
preventive measures is created. The offered approach allows to increase safety of the project and to
create a methodological basis of its application at design of similar technical systems.

Annomauusn. B oannotl cmamee paccmompensi ONPOChl BbIAGIEHUs, AHATUZA U YIPAGIEHUSA
PUCKAMU, BO3HUKAIOWUMU NPU NPOEKMUPOBAHUU CYO08 0DecneueHus no0800HO-MEeXHUYECKUX pa-
bom. Obveounenue Ha 0OHOM CYOHe DObUIO2O KOIUUeC8a MEXHON02UUeCcKo20 000py008anus u
CILOJHCHBIX UHICEHEPHBIX CUCTEM MOJICem NPUeCcmu K 8blCOKOMY YPOBHIO PUCKA NPU IKCIILYAMAayull.
B yensx obecneuenuss 6ezonacnozo u 3¢pekmuenoco npoexmuposanus Oviiu UCNONb308AHbL Me-
MOoObL CUCMEMHO20 AHANU3A, PA3PAOOMAHbL CMPYKMYPHAS MOOeNb U MameMamuyecKkoe onucanue
PUCKO8 npoekma. BvisgneHvl pucku no KOHCMpYKMUEHbIM, MeXHOL0SUYECKUM, IKCHIYAMAYUOHHBIM
U IKONO2UYECKUM KAME2OPUiIM, NPo8edeHd UX OYeHKa U chopmMuposana cucmema npeseHmusHuLX
mep. [Ipeonoscennviii HOOX00 N036015em NOBbICUMb 6€30NACHOCTb NPOEKMA U CO30aAMb MemOoO0a0-
2UYECKYI0 OCHOBY €20 NPUMEHEHUs NPU NPOeKMUpOBAHUU AHANOSUYHBIX MEXHUUECKUX CUCTNEM.
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Introduction. Use of a large amount of expensive technology equipment, the apparatus and
diving complexes described in many sources [1-9] of the subsea operation concentrated within one
subsea construction vessel, raises degree of risk of operation of the perspective vessel. For anticipa-
tion of emergencies and ensuring safe work, we made the analysis of the main risks arising during
the work of the subsea construction vessel. The risks connected with design of subsea construction
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vessel are considered and carried out: systematization, identification, description, analysis of risk,
mathematical model also developed, sources of risks were identified and a system of actions to pre-

vent risks was developed.

System analysis and mathematical model of risk analysis. Design and further operation of
such complex technical systems as the sea vessel, in particular the subsea construction vessel (SCV),
is a multifaceted task requiring strict systematization of the actions performed. At the same time, at
design of the vessel on the basis of the theory of risk, use of methods of the system analysis [10, 11]
repeatedly increases the probability of faultless design and will allow to systematize the factors par-
ticipating at design. Thus, solving the problems described in the real work the structural model de-
scribing the sequence of performance of risk analysis at design of the SCV was made. Lower the

formula (1), described mathematical model of process of risk analysis at design of the SCV.

IDENTIFICATION OF RISKS

W S VR

\4

R

Fig. 1. The block diagram of risk analysis at design of the vessel

here W — the risks arising when forming weight loading of the vessel,
S — the risks arising when forming the main dimension of the vessel;
VR — the risks arising when calculating vessel speed,;
P — description of risks;
A —risk analysis;
Axy) — sum of private factors of risk analysis (1);
R — system of actions anticipatory risks.

A(X) == AW + AS +AU
here Ay, — risk analysis when forming weight loading of the vessel;
Ag — risk analysis when forming the main dimensions of the vessel,

A, — risk analysis when calculating vessel speed;

A= A(X)(W,S,U) n P (W,S,U)
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Fig. 2. The block diagram of a system of the actions anticipating risks at design of the vessel

here Hw — factor risk analysis describing weight increase of the vessel;
Lw — factor risk analysis describing weight decrease of the vessel,
Ly — factor risk analysis describing reduction of vessel speed;
Hp — factor risk analysis describing increase in displacement of the vessel;
L, — factor risk analysis describing deterioration in stability of the vessel;
T/v — factor risk analysis describing the incorrect select of ratios of draft and

vessel speeds;

B/v — factor risk analysis describing the incorrect select of ratios of width and

vessel speeds;

L/B — factor risk analysis describing the incorrect select of ratios of length and

vessel width;

Being guided by block diagrams (see fig. 1 & 2.) and the mathematical model describing for-
mation of risk analysis (2) identification, the description is carried out and the system of actions an-
ticipating risks described by formula (3) is developed.

R = P(AW(HW' LW) n AS(LU'HD'LI) n AU(T/U'B/U'L/B)) (3)
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Thus the developed block diagram and mathematical model of risk analysis, gives the chance
to systemically make the analysis, identification and the description of risks, to define sources of their
emergence. It will give the chance to offer the system of actions for anticipation of risks and to classify
the risks arising when forming weight loading, the main dimensions and when calculating vessel
speed.

Identification risks. Identification and classification risks. In a designing process of the ves-
sel providing carrying out subsea operation, the correct identification and classification of risks is one
of key stages. This stage demands the system analysis of information arriving from various sources
including normative documents on design and operation, results of similar projects and also expert
estimates.

Risks were identified and classified by the following main categories:

* Design risks (DR):

o Inexact assessment of loading capacity of the vessel,
Insufficient calculation of durability of the hull;
o Non-optimal select of the main dimension of the vessel.
» Technological risks (TR):
o Technological uncertainty at placement of the subsea equipment;
o Ignoring of hydrodynamic influences;
o Incompatibility at integration of the equipment.
* Operational risks (OR):
o Probability of refusal of diving complexes;
o Interruptions in the system of power supply;
o Shortcoming or delay in delivery of spare parts.
» Ecology and Environmental risks (EER):
o Ignoring of changes in the marine environment;
o Probability of emergence of environmental impacts;
o Inefficiency of countermeasures in the conditions of natural disasters.

Within each category of risks concrete risk factors and extent of their influence on the project
were defined and analyzed. In the course of identification of risk, the following methods were applied
(see Table 1):

* Expert polls and assessment;

* Databases of the previous similar projects;

 Risk matrixes and trees of decisions;

(@]

* Analyses SWOT & PEST.
Table 1
Further risks were grouped in extent of influence and probability of emergence as follows:
Risk level Extent of influence Emergency probability Priority
A (High) Strong High Urgent measures
B (Average) Average Average Planned measures
C (Low) Low Low Monitoring

Based on this classification, the basis for risk analysis and management strategies were formed
in subsequent stages of the project.

When forming the appearance of a prospective vessel, among a large number of risks, the fol-
lowing risks are highlighted as the most important ones when forming the design constraints of the
designed vessel (see Table 2):

— the risks arising when forming weight loading at a stage of initial (research) design of the vessel;
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— the risks arising when forming the main dimension of the perspective vessel at a stage of initial

(research) design;

— the risks arising when calculating speed of the designed vessel.

The analysis of the identified risks

Table 2

Risks, when forming weight loading of
the vessel

Risks, when forming the
main dimension of the ves-
sel

The risks arising when cal-
culating vessel speed

Errors of the designed vessel weight
loading, as a result can bring:

1. To weighting of the vessel that in turn
will effect on:

— displacement increase;

— increase in the actual draft;

— loss of speed (in connection with v/T
ratio);

— to reduction of loading capacity, as a
result possibilities of use of technol-
ogy equipment are narrowed.

2. To weight loss of the vessel that in
turn will effect on:

— reduction of displacement;

— deterioration in stability of the ves-
sel;

— increase in value of "ballast “weight;

— problems when using technology
equipment.

The incorrect select of the
main dimension ratios and
formation of the main dimen-
sion on the select ratios, as a
result can bring to:
—receiving less than pre-
dicted speed,;
—receiving more than pre-
dicted displacement;
—to deterioration of stability.
In the all listed cases can
lead problems in operation
of technology equipment.

Errors when calculating ves-

sel speed can bring to:

— incorrect select of T/v ra-
tios;

— incorrect select of B/v ra-
tios;

— incorrect select of L/B ra-
tios.

1.

2.

Description of risks. Analysis and risk assessment. At design of the vessel providing carrying
out subsea operation, each of the revealed risks it was analyzed and estimated on extent of influence
and probability of emergence. Risk analysis purpose — to reveal risks with a high priority and to
provide timely acceptance of the appropriate measures on their prevention.

Risk analysis was carried out via two main directions:
The analysis on the basis of quality indicators — classification of risks on the basis of expert
opinion, data on similar projects and to standard documentation;
The analysis on the basis of quantitative indices - calculation of degree of risk with application
of mathematical modeling, statistical data and probability theory.
At assessment for each risk factor the following parameters were determined (see Table 3):
Extent of influence (T) — potential negative impact of risk on the project or operation;

Emergence probability (E) — probability of realization of this risk;

Index of risk (RI) — the indicator defining the total risk level calculated by the following for-

mula (4):

here:

RI=TxE

(4)

T — influence force on a scale from 1 to 5 points (1 — minimum, 5 — critical),
* E — probability on a scale from 1 to 5 points (1 — very low, 5 — very high).
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Table 3
Evaluation criteria:
Range RI | Risk level Influence Type of actions
16-25 High Critical Urgent intervention, change of the progect

9-15 Average | Considerable | Detailed analysis and preventive measures

1-8 Low Insignificant | there is enough monitoring and control

For example, if for risk of structural instability at load distribution on the vessel to accept T
=5 & E =4, that Rl = 20, what corresponds to category of high risk and demands immediate inter-
vention.

As a result of the risk assessment, all risks were classified according to their priority level, and
an action plan for their management was developed.

The risks arising at a stage of initial design, in particular formation of weight loading definition
of the main dimension and calculation of vessel speed are described as:

— errors of weight distribution formation of weight loading;

— incorrect select of the main dimension’s ratios;

— errors when calculating vessel speed.

In table 2, the analysis of the identified risks for initial design stage is provided. The insufficient
weight load according to part concerning the displacement of the designed vessel can be sources of
risks. At the initial design stage, when forecasting weight load for displacement of the designed vessel
a large number of factors should be influences. It is possible to carry errors of the select of the weight
loading in the top and lower limits to similar factors, unjustified forecasts of the equipment weight, a
mistake when calculating and selecting coefficients of completeness and the main dimensions.

The incorrect select of ratios of the main dimensions of the perspective vessel, on initial design
stage, can arise at the incorrect select of the sizes in the maximum and minimum limits of the main
dimension’s ratios.

As link with the previous risk, the greatest influence on vessel speed among big quantity of
factors, in relation to the considered task renders errors when selecting the main dimensions and
coefficients of completeness.

Risk management and preventive measures system. Risk management is a complex of the
consecutive and system actions which are carried out for the purpose of minimization of dangers at
design and operation stages. For prevention of the hi-tech and design risks arising at design of the
vessel providing carrying out subsea operation the comprehensive strategy of risk management was
developed.

This strategy includes the following main stages:

1. Mitigation in risks:

* Application of alternative technical solutions in design;

* Planning of reserve decisions (redundancy) for critical components;

» Optimal material selection and integration of modern technologies;

* Check of loading by means of test models in the conditions approximate to real.
2. Transfer in risks:

* Transfer of separate technical risks through insurance or to contractors;

* Accurate distribution of responsibility in contracts with suppliers.
3. Acceptance in risks:

* Monitoring of risks of low level with the minimum influence;

* Development of reserve plans (the Plan B) on a case of realization of such risks.
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4. Prevention of the risks:
* Strengthening of the tests procedures and checks;
* Carrying out the training programs for risk management for technicians and design group;
* Application of iterative (repeated) checks at a design stage.
The main objective of a control system is expressed as follows (5):

Reff=R — (M + T + P) (5)

Here « R —initial risk level;

» M — efficiency of actions for risk reduction (mitigation);

* T — the volume of the transferred risks (transfer);

* P — the size of the prevented risks (prevention);

* Rers — residual risk, i.e. real risk level which is subject to management after end of the pro-

ject.

The developed system of preventive measures allows to reduce risks to the acceptable
manageable level and ensures compliance of the project to criteria of quality, safety and functionality.

Description of risks. Risk analysis is made for formation of actions for anticipation of the
identified risks at a stage of initial (research) design.

System of actions anticipatory risks.

1. Itis necessary for anticipation of the risks connected with formation of weight loading:

— at initial design stages to make the reasonable select of the predicted values of weight loading
being based on the data of the vessel of a prototype or statistical data on the same vessels;

— at initial design stages to predict, necessary value of a stock of displacement;

— at all stages of creation of the vessel, from development of the idea before delivery of the vessel
in operation to make strict control of formation of weight loading.

2. It is necessary for anticipation of the risks connected with formation of the vessel main dimen-
sions:

— at initial design stages to show consideration and carry out evidence-based calculations of the
main sizes of the perspective vessel,

— to show consideration for the select of a close prototype or statistical data of the same vessels;

— when selecting or calculating the main dimensions of the vessel to consider the most adverse
operating conditions of technology equipment and complexes.

3. Itis necessary for anticipation of the risks connected with calculation of speed:

— at all design stages and constructions of the vessel to watch closely change of the conditions
considered during the calculating of speed, a research in the model testing basin and at computer
modeling of the shell (CFD);

— at a design stage to connect theoretical calculations of seagoing qualities of the vessel with cal-
culation of vessel speed.

Thus, the carried-out analysis, identification and the description of risks, defined sources of
their emergence. Are brought the system of actions for anticipation of risks. By the analysis of the
identified risks it is established that all considered risks are interconnected. Anticipation of the iden-
tified risks it has to be made at all design stages and construction of the perspective vessel. Risks
when forming weight loading, the main dimension are classified and the vessel speeds arising when
calculating.

Conclusion. As a result of a research the complex methodology on identification, the analysis
and risk management, arising at design of the vessels providing carrying out subsea operation was
developed. Thanks to the carried-out system analysis and mathematical modeling at an analytical
stage of the project the following main results were received:
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4.

5.

The main risks arising in a designing process were revealed, their sources were analyzed and
their structuration was executed;

Risks were classified by character on designs, technological, operational and ecological groups
and also estimated on the probability of emergence and extent of influence;

On the basis of mathematical model calculation of indexes of risk is made and their priorities
was carried out;

The four-stage system of preventive measures for risk management (mitigation, transfer, preven-
tion and acceptance) is created,

As a result of application of this technique effective mechanisms on decrease in the general level
of risks within the project and to increased security were offered.

The received results demonstrate that system risk management at design of difficult technological
objects, such as subsea construction vessel, is an important condition of successful and reliable im-
plementation of the project. The developed model and methodology can be applied and improved in
other similar projects of marine engineering.
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