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Ballast Water Management

• Scientists first recognized the signs of an alien species
introduction after a mass occurrence of the Asian
phytoplankton algae Odontella in the North Sea in 1903.

• In the late 1980s, Canada and Australia were among
countries experiencing particular problems with invasive
species, and they brought their concerns to the attention
of IMO's Marine Environment Protection Committee
(MEPC).

• IMO has been at the forefront of the international effort
by taking the lead in addressing the transfer of invasive
aquatic species through shipping and In 1991 adopted
the International Guidelines for Preventing the
Introduction of Unwanted Aquatic Organisms and
Pathogens from Ships’ Ballast Water and Sediment
Discharges (resolution MEPC.50(31)).



Ballast Water Management

• The International Convention for the
Control and Management of Ships'
Ballast Water and Sediments (BWM
Convention) was adopted by
consensus at a Diplomatic Conference
held at IMO Headquarters in London
on 13 February 2004.

• The International Convention for the
Control and Management of Ships'
Ballast Water and Sediments, 2004
(BWM Convention), entered into force
globally on 8 September 2017.



Port State Control

• Port State Control (PSC) is the inspection of foreign ships in
national ports to verify that the condition of the ship and
its equipment comply with the requirements of
international regulations and that the ship is manned and
operated in compliance with these rules.

• Nine regional agreements on port State control -
Memoranda of Understanding (MoUs) - have been signed:

• Europe and the north Atlantic (Paris MoU);

• Asia and the Pacific (Tokyo MoU);

• Latin America (Acuerdo de Viña del Mar);

• Caribbean (Caribbean MoU);

• West and Central Africa (Abuja MoU);

• the Black Sea region (Black Sea MoU);

• the Mediterranean (Mediterranean MoU);

• the Indian Ocean (Indian Ocean MoU);

• the Riyadh MoU.

• The United States Coast Guard maintain the tenth PSC
regime.



Paris MoU –
Deficiency Codes

• 01 – Certificates and 
Documentation

• 02 – Structural Condition

• 03 – Water/Weathertight 
Condition

• 04 – Emergency Systems

• 05 – Radio Communication

• 06 - Cargo Operations 
Including Equipment

• 07 - Fire Safety

• 08 – Alarms

• 10 - Safety of Navigation

• 11 - Life Saving Appliances

• 12 - Dangerous Goods

• 13 - Propulsion and Auxiliary
Machinery

• 14 - Pollution Prevention

• 15 – ISM 

• 16 - ISPS 

• 18 - MLC, 2006 

• 99 – Other



Paris MoU – Deficiency 
Codes (Related to Ballast)

01 – Certificates and Documentation

01136 Ballast Water Management Certificate

02 – Structural Condition

02107 Ballast, Fuel and Other Tanks

02134 Loading/Ballast Condition

14 - Pollution Prevention

141 - Pollution Prevention - MARPOL Annex I 

14103 Segregation of Oil and Water Ballast

148 - Pollution Prevention – Ballast Water

14801 Ballast Water Management Plan 

14802 Ballast Water Record Book

14803 Construction Dates Applicable for BWM 

14804 Ballast Water Exchange 

14805 Sediment Removal and Disposal

14806 Crew Training and Familiarization

14807 Performance Standardnotmet

14808 Prototype Ballast Water Treatment

14809 Conditions for Exemptions

14810 Ballast Water Discharge Violation in Port 

14811 Ballast Water Management System

14899 Other BWM



AIM OF THE STUDY

• The aim of the study is to carry out a
control on the deficiencies arising from
the BWM Convention in Port State
Controls of oil and chemical tankers
and to propose a model for the
assessment of the risk of detention of
ships.

• It is thought that the results of the
research will contribute to the control
policy development processes.



METHODOLOGY

A data set was created by analysing the reports sharing the results of the
controls carried out by the Paris Memoranda of Understanding (Paris
MoU) between 10.10.2020 - 10.10.2023.

Based on this data set, contributing factors in the detention of oil and
chemical tankers, including deficiencies arising from the Ballast Water
Management Convention, were determined.

A model was generated to predict the risk of ships being detained using
machine learning algorithms. Afterwards, the analyses were completed
with SPSS modeler 18.0.



Methodological 
Flowchart





NUMBER OF DETENTION ACCORDING TO CLASS SOCIETIES
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NUMBER OF DETENTION ACCORDING TO FLAG TYPE
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NUMBER OF DETENTION ACCORDING TO AGE
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NUMBER OF DETENTION ACCORDING TO DEFECTIVE ITEM
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Balanced Data 
Processing

• Imbalanced data were balanced using 
Python Imblearn Library.



Model Performance 
Comparison with 
Balanced Data

*SVM: Support Vector Machine; *NN: Neural Network; *BN: Bayesian Network

SVM with balanced data NN with balanced data BN with balanced data

Accuracy 0.984 0.968 0.960

Precision 0.967 0.951 0.919

Recall 1.000 1.000 1.000

F1-score 0.983 0.975 0.957



Model Performance for SVM



Performance Calculator For Class, Flag and Company

*EMSA/Thetis (European Maritime Safety Agency / The Hybrid European Targeting and Inspection System)



Imbalanced data Balanced data

Variable Description Node name Value
No. of 
data

Statistic No. of 
data

Statistic

min max mean SD min max mean SD

Target

Detention Result of detention or 
not

Detention (yes/no) Yes; No 214 1 2 1.887 0.316 380 1 2 1.500 0.500

Attributes

Vessel class Classification society 
of the vessel

Class ABS; BV; DNV; RINA; CCS; ClassNK; LR; KR 214 1 8 2.906 2.323 380 1 8 3.718 2.267

Vessel class 
performance

Performance of the 
classification society

Class_Performance very low; low; medium 214 1 3 1.771 0.698 380 1 3 1.750 0.668

Vessel age Age of the vessel Age (≤10); (>10) 214 1 2 1.766 0.424 380 1 2 1.860 0.346

Vessel size Classification by GT Size (<15k); (15k-20k); (20k-50k); (50k-100k); 
(>100k)

214 1 5 2.102 1.121 380 1 5 2.076 1.095

Vessel flag Flag flown by the vessl Flag FOC; nonFOC 214 1 2 1.350 0.478 380 1 2 1.221 0.415

Vessel flag 
performance

Performance of the 
flag

Flag_Performance very low; low; medium 214 1 3 1.439 0.584 380 1 3 1.247 0.489

Owner 
performance

Performance of the 
owner

Owner_Performance very low; low; medium 214 1 3 2.752 0.530 380 1 3 2.276 0.740

Type of 
inspection

Inspection type 
applied to the vesssel

Type_of_Inspection inital; more detailed 214 1 2 1.864 0.343 380 1 2 1.923 0.265 

Number of 
deficiencies

Deficiency number 
recorded

Number_of_Defienci
es

(<3); (3-5); (6-10); (>10) 214 1 4 2.373 1.105 380 1 4 2.976 1.144

Defective 
item

The item regarding the 
deficiency

Defective_Item BWM certificate; BWM plan; BW record
book, crew training and familiarization; 
other

214 1 5 3.215 1.087 380 1 5 3.316 1.053



Detention Risk



Predictor Importance



CONCLUSION

• "Owner Performance", "Number Of Deficiencies" and "Defective Item" were
the 3 most effective items in the detentions due to deficiencies arising from
Ballast Water Management (BWM) Convention in controls of oil and chemical
tankers.

• It was observed that the deficiency that has the largest share within the scope
of BWM-related deficiencies in the detention of oil and chemical tankers is
related to the BW Record Book.



CONCLUSION

• It was observed that the highest detention risk was observed in oil and
chemical tankers "<15k" and "20k-50k".

• Over 10 years old oil and chemical tankers were observed to have the highest
detention risk.

• The probability of detention was found to be the highest when the number of
deficiencies was more than 10.



FUTURE STUDIES

• The study projection can be extended
to 5-year or 10-year periods.

• The study can be carried out on
different ship types.

• The study can be carried out using data
from different memorandums.

• Study values can be compared with the
results of our study by using future
eclipses.
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