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Abstract:   

The Gulf of Finland is a heavily trafficked sea area with a sensitive environment. The 
navigation in the area is made perilous by the relatively shallow and narrow 
waterways, ice cover in winter and the intensive ship traffic. Many chemical tankers 
sail here, carrying chemicals of different environmental hazard levels. Thus it is 
important to look at the most frequent and destructive types of accidents in the GoF 
that affect these ships. 

Collisions rank among top accidents both regarding to frequency and the 
consequences. Currently the three GoF states are in the processes of purchasing 
recovery vessels to meet the increasing risk related to oil transportations but the risk 
caused by chemical tankers has not attracted the attention from academia and 
official s. Given these conditions, the aim of this thesis is to assess the environmental 
risk  related to chemical tanker collisions and whether this risk can be mitigated using 
recovery vessels (RVs). Of special interest are whether future RVs should be equipped 
to deal with chemicals as well as where such vessels should be stationed.  

For this purpose, the Formal Safety Assessment was adapted as a theoretical 
framework, where a Cost-Benefit Analysis regarding the cost-effectiveness of chemical 
RVs was done. The best possible placement of RVs was calculated by writing a script in 
MATLAB .  The data used comes primarily from pre-existing written sources and 
databases, but complementary semi-structured interviews were also carried out. The 
data was analyzed mainly by MATLAB and Excel.  

This study shows that most chemicals transported in the GoF are such that they can be 
to some extent be recovered by RVs using similar methods of recovery as for oil. The 
extra costs for equipping RVs to also deal with chemicals was found to be between 1.5 -
40 % depending on how it is done. Another finding is that currently there are too few 
chemical RVs in the GoF at the time being to respond fast and effectively to potential 
major chemical spills. However, the data available for this thesis was inadequate and 
therefore the results are to be taken as indicators and not as absolute truths.  

Keywords: Formal Safety Assessment, Gulf of Finland, Risk  Analysis , Cost -
Benefit Analysis,  liquid bulk chemical s, chemical  transport , green logistics    
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1 INTRODUCTION  

The Baltic Sea is one of the world's  busiest seas with a share of 15% of the world's 

maritime transportation  (HELCOM 2009) . Navigation  in the Baltic Sea is complicated 

by the relative shallowness, narrow  navigation routes, and ice cover (HELCOM 2009). 

In addition , the Baltic Sea is a very sensitive area due to the relative shallow water and 

slow water circulation  between the North Sea and the Baltic Sea (Uggla 2008 ). 

Moreover, the transported  volumes in the Baltic Sea have increased significantly in 

recent years, especially to and from  Russia, i.e. especially also in the Gulf of Finland 

(GoF). This trend is expected to continue in the future  (Kuronen et al. 2008 ).  

These factors increase the risk of shipping  accidents in the whole of the Baltic Sea. The 

accidents, in turn, bring with  them risks for human health and the environment in 

addition to risk of financial loss. In the GoF  several types of dangerous cargo is 

transported, including oil and various chemicals. From the perspective of green 

logistics it is important that transportation is done in an ecological friendly manner and 

in this context it is important to minimize and control the risk related to chemical 

transports. Unfortunately there have been accidents in the past: For example, in July 

2000, the Italian tanker ship Crystal Rubino leaked two tons of nonylfenol  poly(4+)  

ethoxylates in Hamina due to the crew's negligence during loading. Nonyfenol poly(4+) 

ethoxylates are highly toxic to marine life , so the spill resulted in a mass death of fish in 

the harbor (Onnettomuustutkintakeskus 2000).  

These factors make it important  to study the risks related to the most common and 

destructive types of accidents. In the GoF, collisions between ships are among the most 

serious and common accidents (Kujala et al. 2009). It is also important  to examine 

different  methods that are available to reduce risks related to the transportation  of 

chemicals in the GoF. 

This has been done to some extent: There are many surveys and studies of risks in  GoF 

(e.g. Kujala et al. 2009; Hänninen  & Rytkönen 2006 ; Rosqvist et al. 2002). In addition , 

there have been models of the probability  of ship collision  in the Gulf of Finland  with  

tankers involved (e.g. Goerlandt & Kujala 2011). Decisions have been made to improve  

safety in the GoF (Kuronen & Tapaninen 2009). As examples are e.g. the mandatory 

double hull construction for tankers sailing in the GoF and the GoF Vessel Traffic 

Service (VTS) (Luoma 2010). The VTS is somehow similar to an air traffic control but 

for ships, tracking vessel movement and helping to prevent accidents. Such measures 
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as mentioned above, whether legislative, technical or other, that can be implemented to 

improve safety are called Risk Control Options (RCOs).  

In the past, implementing RCOs suffered from the dilemma in which action was 

reactive instead of proactive. This means that action was too often put off until 

something went wrong. This in its turn lead to implementing RCOs based more on 

public opinion and political considerations than on technical merit. The change came in 

1988 when the offshore platform Piper Alpha exploded in the North Sea and 167 people 

lost their li ves. Partly as a reaction to this, the Formal Safety Assessment (FSA) was 

developed that  is now being used in the IMO rule making process. FSA is a framework 

for evaluating maritime risks and the RCOs that can be implemented to reduce these 

risks. (IMO 20 11)  

One of the main goals of FSA is to avoid implementing costly RCOs that only 

marginally improve safety (IMO 2011). Therefore, one main criterion in FSA is 

determining the cost -effectiveness of RCOs. For this purpose Cost-Benefit Analysis 

(CBA) is used. Using CBA to evaluate projects or alternatives has won increased 

popularity especially in the field of public projects since the 1980ôs (Adler & Posner 

1999) and has now found its way to the maritime environment.   

However, there are still gaps in the lit erature when it comes to determining what 

should be done in order to increase the safety of chemical transports in the GoF. 

Kuronen & Tapaninen (2009) emphasizes that  it  is difficult to  calculate cost-

effectiveness of various decisions taken to increase safety. Goerlandt & Kujala (2011) 

suggest that  future  research is needed to model the impact  of ship collisions in terms 

such as environmental  damage from  spills. They also point out the need for  a 

comprehensive risk  map for the GoF. Hänninen & Rytkönen (2 006) specifically 

mention the need to do a FSA of chemical transports in the Baltic Sea. Currently 

Finland, Estonia and Russia are in the process of procuring more oil recovery vessels in 

order to be better able to respond to a potential oil spill in the G oF (Jolma 2010). These 

oil spill recovery vessels can also be equipped to recover chemicals as well, although for 

an extra cost.   

These factors make it relevant to conduct a part of a FSA of chemical transports in the 

Gulf of Finland, namely  how the risk related to chemical tanker collisions can be 

mitigated with recovery vessels. Of special interest is whether it is worth the extra cost 

to equip future recovery vessels in the GoF to be able to recover chemicals as well.  
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1.1. Aim of the thesis  

 
The aim of the thesis is to assess the risk related to chemical tanker collisions in the 

GoF, and whether the related environmental risks can be mitigated using recovery 

vessels. Of special interest is whether spilled chemicals can be recovered using recovery 

vessels. In addition, the best possible positioning of the recovery vessels for responding 

to chemicals spills due to collisions will be investigated.  

1.2.  Research questions  

The aim of the thesis leads to the following research questions that are directly 

related to the aim of the thesis: 

 

- How can the environmental risk caused by chemical tanker collisions be 

represented for the different parts of the GoF? 

- How can the environment al risk of chemical tanker collisions be mitigated using 

recovery vessels? 

- Should future oil spill recovery vessels in the GoF be equipped also to recover 

chemicals from the sea? 

- Where should the recovery vessels be stationed to respond to chemical spills as 

results of ship collisions? 

1.3.  Limitations  

This thesis is limit ed to the Gulf of Finland. Of the different accident types, only the risk 

caused by collisions between ships will be taken into account. Other accident types, 

such as groundings, will need to be excluded as currently there are no models available 

that can estimate the related risk in a satisfactory manner, linking simulated 

groundings with geographical areas and consequence models.  Also the effect of 

weather and ice cannot be modeled at the current stage in a satisfactory manner, and 

are therefore excluded from this thesis. Besides this, dangerous goods (chemicals in 

packaged form) are excluded from the study and the focus is on liquid bulk chemicals 

transported by tankers.  

Of the different RCOs the main focus will be on chemical recovery vessels only. The 

scenarios will be limited to having  1-5 harbors as recovery vessel bases in different parts 

of the GoF.   
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This thesis is a part of the authorôs contribution to the Chembaltic - project between the 

Kotka Maritime Research Centre, Aalto University and the University of Turku. 

However, modeling and quantifying the risk related to the chemical transports in the 

GoF in more detail is the aim of Chembaltic , which is not ready at this time. The 

preliminary results by the author of the risk analysis of collisions with chemical tankers 

are presented in this thesis, and a more detailed risk analysis is the aim of the authorôs 

up-coming thesis for Aalto University. The preliminary nature of the results of the risk 

analysis will leave several important aspects out of the risk modeling, such as drifting 

and sinking of chemicals in the sea.  This will limit the reliability and validity of the 

CBA of the RCOs, which is discussed later on in the thesis.  

1.4.  Introduction to methodology  

 
In the thesis a comprehensive literature review of modeling risk is done, combined with 

secondary data of vessel- and chemical statistics. This data is complemented with semi-

structured expert interviews in order to determine the costs and benefits of the relevant 

RVs in more detail than is available from current statistics . The data regarding risk and 

the costs and benefits of the different recovery vessels are analyzed quantitatively.  This 

is complemented by a qualitative study in order to gain more in -depth understanding of 

what can be done to lower risks in the Gulf of Finland based on the open-ended 

questions asked in the expert interviews.  

1.5. Definitions  

In this paragraph , the most central terms are defined. Further definitions and 

abbreviations are given along the text.  

Cost -Benefit Analysis : ñProcess of quantifying costs and benefits of a decision, 

program, or project é, and those of its alternatives é, in order to have a single scale of 

comparison for unbiased evaluationéò (Business Dictionary 2011) 

Dead Weight Tonnage (DWT):  Indicates how many tons of weight the ship can 

safely carry. This is the sum of cargo, fuel, ballast- and fresh water, provisions and 

people on board. (Hayler 2003)  
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Formal Safety Assessment:  "a rational and systematic process for assessing the 

risks associated with shipping activity and for evaluating the costs and benefits of 

IMO's options for reducing these risksò (IMO 2011) 

Gulf of Finland:  The easternmost arm of the Baltic Sea, between Finland (north) and 

Russia and Estonia (east and south).  The gulf extends for 400 km from east to west but 

only 19 to 130 km from north to south.  (Encyclopedia Britannica 2011) 

Green logistics:   ñSupply chain management practices and strategies that reduce the 

environmental and energy footprint of freight  distributionò (Rodrigue, Slack & Comtois 

2011) 

Liquid bulk chemicals:  Liquid chemical cargo that is unpacked (un-bundled or un -

bound) and is of the same or a similar kind or nature (homogeneous) and transported 

in a bulk carriers hold (Apparel Search 2011). Also known as product, or if the 

chemical is toxic, noxious liquid substances (Vähätalo 2011).  

Risk Analysis : ñA detailed examination é performed to understand the nature of 

unwanted, negative consequences to human life, health, property, or the environment;  

an analytical process to provide information regarding undesirable events; the process 

of quantification of the probabilities and expected consequences for identified risks.ò 

(Society for Risk Analysis 2011) 

1.6.  Structure  

The thesis begins with an introductory chapter that describes the problem, purpose, 

limitations, methodology, and structure of the thesis. After this, the theoretical 

framework in chapter 2 will be built up around an adaptation of the Formal Safety 

Assessment. In this chapter the different parts of the FSA are described systematically 

in detail.  

 

Chapter 3 describes the various forms of empirical studies, and which is / are most 

suitable in this case. In addition, the way in which the empirical study will b e done, is 

presented. Key concepts in empirical studies such as validity and reliability are 

discussed. Chapter 4 is the empirical chapter, where the theoretical framework and the 

empirical study will be combined and results will be presented and discussed. In the 

final fifth  chapter, the results will be summarized and suggestions for further research 
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will be made, followed by appendices and references. To give the reader a better picture 

of the overall structure of the thesis, a figure of the structure of the thesis is given in 

figure 1. 

 

 

Figure 1  The 5 chapters of the thesis  

  1. Introduction with aim & limitations   

  2. Thereotical framework with FSA  

  3. Methodology with theory of science, qualitative and 
quantitative studies, validity & reliability 

4. Results of the empirical study 

 

5. Discussion with suggestions for future research 
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2 ADAPTED FORMAL SAFETY ASSESS MENT  

The theoretical part of this thesis is built up around the Formal Safety Assessment, 

which is a framework used for assessing maritime risk  and how this risk can be 

mitigated . Therefore it is necessary to start with defining how risk is defined in this 

thesis before moving on to the FSA itself. 

2.1.  Risk  

Risk can be defined in different ways. Cool (1999) defines risk as the absolute value of 

the probable loss. The Society for Risk Analysis (2011) defines risk as "the potential for 

realization of unwanted, adverse consequences to human life, health, property, or the 

environmenté" A widely accepted definition of risk is given by Kaplan (1997), which is 

used in this thesis. According to Kaplan, we can define risk by asking the following 

three questions: ñWhat can happen?ò, ñhow likely is it to happen?ò and ñif it happens, 

what are the consequences?ò (Kaplan 1997:408). As this thesis adheres to the 

aforementioned definition , it is necessary to express the risk with mathematical 

variables. 

Table 1  The risk questions    

 

The answer to question 1 is called a scenario (event). The number or the i:th  scenario is 

denoted by Si, its probability  by Pi and the consequences of the scenario by Xi. That is to 

say, that the risk  R can be expressed as a set of scenarios, probabilities  and 

consequences. Mathematically  we have  

R = {<Si, Pi, Xi>} c   

where c means a complete set, meaning that we look at all the possible scenarios. So Si 

is used as a denomination when an undesirable scenario has happened (e.g. a tanker 

Notation Example

1.       What can 

happen?
Si

Collision between two chemical

tankers

2.      How likely is it 

to happen?
Pi

0,01 % per sailing tanker in the

lane

3.      If it happens, 

what are the 

consequences?

X i
1 000 000 ú loss, major

damage to local ecosystem, etc.
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collision ). On the other hand, a "successful" scenario is denoted by S0, meaning that no 

undesirable scenario happened, that is, no accident occurred. For non-mathematically 

oriented readers the above mentioned risk definition can be summarized as follows: 

Risk equals the probability of an accident multiplied by its consequences.  

In the case of environmental risk caused by chemical tanker collision, the scenarios are 

collisions where a chemical tanker is involved. The probability describes the likelihood 

of such a collision combined with the likelihood that chemicals are spilled as a result. 

The consequences are what impact the spilled chemicals have on the environment.  

2.2.  An overview of the Formal Safety Assessment  

FSA is a systematic and structured approach which has the intention to increase the 

maritime safety with regard to factors such as life, health, environment, and property 

(IMO 2011). Several other methods exist for analysing maritime safety and risk based 

on Fuzzy Logic, Event-Decision Networks, Bayesian Belief Networks, etc. (Balmat et al. 

2009; Trucco et al. 2008; Ventikos & Psafaratis 2004) However, the FSA is unique in 

the sense that it is currently the only method that links a comprehensive risk analysis 

with cost-effectiveness evaluation of Risk Control Options . Therefore the FSA used as a 

framework in this thesis, also because within the framework of FSA, the above 

mentioned methods can be applied in the Risk Analysis part of the FSA.  It should be 

noted that this thesis does not aim to do a full FSA, only a limited adaptation of it , as 

the thesis only looks at whether the environmental risks related to chemical tanker 

collisions can be mitigated using recovery vessels. For a full FSA all possible accidents 

and all possible RCOs should be included. However, by using the FSA as a framework 

for this thesis, the results can be used in future FSAs of chemical transports in the GoF 

and is therefore used. The FSA itself consists of the following five steps, presented in 

figure 2:   
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Figure 2   The 5 steps of FSA  (modified from Goerlandt  et al. 2011 ) 

In the first step of FSA the hazards related to chemical transports in the GoF are 

identified . In short, this answers the question "what can go wrong?" (IMO 2011). This is 

followed by a second step ï Risk Analysis - which is split up between Accident 

Frequency and Accident Consequence Analysis, answering the question "how bad and 

how likely?" (IMO  2011). The aim of the Risk Analysis is to present a map of the GoF 

illustrating how chemical tanker collision risk is divided geographically. This risk map 

is done by statistical analysis combined with a mathematical simulation model.  

In the third step  of the FSA, the Risk Control Options, the aim is to answer the question 

ñcan the [current] situation be improved?" (IMO 2011) , that is, can the current risk be 

mitigated. This is done by identifying different RCOs and describing their technical 

features. As mentioned above, in this thesis only different chemical recovery vessels are 

considered as RCOs.   

These steps lead to the fourth step, the Cost-Benefit Analysis, which is evaluating the 

different RCOsô costs and benefits and weighing them against one another, answering 

the question "what would it cost and how much the situation would improve?" (IMO 

2011). CBA was conceptualized for the first time by the French engineer and economist 

Dupuit  (1848) and has grown in popularity  especially from  the early 1980s. It is 
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currently used particularly to evaluate public  projects (Adler & Posner 1999). CBA 

consists of different  phases (Sugden & Williams  1978), whose objective is to compare 

two or more solutions to a given problem within  a framework  so that  solutions can be 

in a sensible way discussed and compared (Frost 1975). There is no single, well defined 

and rigorous way to proceed with  CBA- CBA is a framework  and not a formula.  

Completing the CBA ultimately leads to the final and fifth step, which inv olves 

discussing the results and making recommendations for decision-making based on the 

CBA and discussion, answering the final question "what should be done?" (IMO 2011).  

In this manner FSA offers decision-makers a tool for effectively pre-empting risks  (IMO 

2011). However, even IMO (2011) self admits that FSA is problematic. One major issue 

is that FSA is highly technical and complex to do.  According to Kuronen & Tapaninen 

(2009) it  is also difficult  to estimate the real costs and benefits of the RCOs, even when 

using CBA. Kontovas & Psaraftis (2009) state that two different FSA of the same issue 

can lead to opposite recommendations even when using the same input data.  

The effect of these factors need to be taken into account in this thesis and are discussed 

more in detail later on. The following paragraphs go systematically through the 

different steps of the FSA from 1 to 5, describing the different sub-blocks and theories 

associated with the steps. The first step is hazard identification, which is presented as 

follows.  

2.3.  Step 1: Hazard Identification  

A hazard can be defined as a possible source of danger (The Free Dictionary 2011). For 

the purposes of this thesis, the sources of danger are the chemicals that are spilled as a 

result of a collision with  a chemical tanker involved, and the risk is then the probability 

of such a spill multiplied by the consequences of the spill. When it comes to the GoF, 

the most frequent accidents that can lead to spills are groundings and collisions. 

According to Kujala et al. (2009), groundings are the more frequent of these two, 

followed by collision s between two ships. As already mentioned, this thesis limits itself 

to only collisions as there is currently no satisfactory model for modelling  the other 

types of accidents and their consequences. When it comes to collisions, the 

consequences can be anything from small dents in the outer hull to sinking; Passengers 

and crew may be injured or die as a result of a collision due to falling, drowning or 
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subsequent fires. If the inner hull of a ship is breached, various dangerous substances 

can be spilled into the sea.  

 

 

Figure 3   Example of a crossing collision (Pedersen 2010:242)  

This thesis focuses on the risk mitigating effect of chemical recovery vessels which are 

deployed to reduce the environmental risk after an accident has happened. Therefore 

they do not play any role in preventing collisions , and thus factors such as economic 

loss is not taken into account in this thesis : it  restricts itself to considering the risk  that 

recovery vessels can affect. These are namely the environmental consequences of 

spilled chemical substances that are results of ship collisions. Having thus defined the 

hazards that this thesis deals with, it is time to move on the next step of the FSA: The 

Risk Analysis.  

2.4.  Step 2: Risk Analysis   

Now the hazards or the risk scenarios Si have been identified by asking the question 

ñwhat can happenò in the previous paragraph, the next question according to Kaplan 

(1997:408) is ñhow likely is it to happen?ò In FSA, this is a part of the second step, 

which answers the question ñhow bad and how likely?ò This is answered by making a 

Risk Analysis that  consists of two parts: Accident Frequency Analysis and Accident 

Consequence Analysis. For clarity, each of these two parts are described in their 

respective paragraph, where the steps that make up Accident Frequency and Accident 

Consequence are defined, starting with the former.  
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2.4.1. Accident Frequency Analysis 

Accident frequencies can be analyzed using different methods, qualitative as well as 

quantitative. As examples of these methods are Event-Decision Networks, Baysian 

Belief Networks and Fault Trees. (Trucco et al. 2008; Ventikos & Psafaratis 2004; IMO 

2002a)  

However, these methods suffer the drawback of not giving a detailed picture of how and 

where the risk is distributed. Without precise knowledge of the geographical 

distribution of risk, no reliable and precise recommendations can be made e.g. 

regarding placement of recovery vessels. Therefore, a different approach is taken in this 

thesis: A simulation approach that has the aim of giving the probability of ship 

collisions and how this risk is divided geographically in the GoF.  

For this purpose, a model by Goerlandt & Kujala (2011) is used. Other models and 

software exist, such as the IWRAP Mk 2 (IALA 3 2011), but these do not give the output 

variables required (such as velocity or exact location) for Accident Consequence 

Analysis. A general description of the Goerlandt & Kujalaôs model is given below. 

The model uses the simulated number of ships in the different shipping lanes to 

estimate which ships risk colliding with each other.  These ships are called collision 

candidates. The actual collision probability for the collision candidates is obtained by 

multiplying wit h a so called causation factor. This factor represents the probability that 

the two ships on collision course fail to make evasive actions due to human or technical 

error. The causation factor depends on factors such as the visibility, the angle that the 

shipsô courses intersect and the collision candidate ship types. 
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Figure 4   Accident Frequency Analysis  

The ships in the respective shipping lanes are simulated by randomly generating ship 

departures from each port . The various simulated ships have random departure times, 

speed, size, route and type and cargo, all of which is estimated from statistical data.  

 The simulation then lets the ships ñsailò by letting  the clock run  and see which ships 

wind up in the same position  at the same time. Ships that are at the exact same location 

at the exactly same time in the simulation are the collision  candidates. At this stage the 

simulated ships do not undertake evasive manoeuvres.  This process can be easier to 

grasp in an illustrated form  as given by figure 5: 

 

Figure 5   Simulating collision candidates  

Generate ship 
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With a division of the GoF into 5 x 5 km squares, each square in the GoF can be 

classified into a matrix where each square is assigned a row i ɴ [1,2,..,I] according to the 

squareôs latitude and column j ɴ[1,2,é,J] according to the squareôs longititude  Thus the 

number of collisions candidates between different ship types in different 5 x 5 km 

squares of the GoF is denoted by Nij cand  for the ij:th square.  

Since it  is difficult  to model all  the factors that  contribute  to ship collision  in real life, a 

simplification is used to determine the collision probability for the collision candidate 

ships.  This is done by multiplying the number of collision candidates  with a probability 

that the ships would actually collide in the given situation. This probability is called a 

causation factor, denoted by PC. This is dependent on factors such as the ship types, 

visibility an d if a frontal, crossing or overtaking collision is about to happen. According 

to COLREG (IMO 2002b), a collision  is classified as frontal  if  the struck ship is in the 

bow section within  5 ę in either  direction  from the  ship's centre line. A collision  is 

classified to be overtaking the ship struck at an angle of more than 22.5 ę 

perpendicularly  from the  beam - the thickest part  of a ship. All other  collisions are 

classified as overtaking collisions. This is illustrated  in the following figure (6) to give 

readers a better overview of the situation . 

 

Figure 6  Collision types  (IMO 2002b)  

The simulation model by Goerlandt & Kujala (2011) gives this angle as well as the ship 

types and uses causation factors based on previous studies, summarized as follows.  
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Table 2  Causation factors by collision and ship type (Goerlandt & Kujala 2011:96)  

 

Thus the frequency or number of collisions per 5 x 5 km squares in the GoF per ship 

type t is Nt ij  = N t ij cand * Pc .  

The authors themselves criticize the model for such things as not taking into account as 

the effect of ice, environmental conditions and  differences between vessels within the 

same category such as crew competence and individual vessel maneuverability. Also the 

modelôs reliability is strongly dependent on the accuracy of the causation factors. The 

causation factors change somewhat depending on location, and unfortunately, no 

specific causation factors have been determined for the GoF. Montewka et al. (2010) 

have conducted a study and determined causation factors specific for the GoF but 

unfortunately, the way collision candidates are defined is different and therefore the 

causation factors cannot be applied to the model by Goerlandt & Kujala (2011).  

Refering back to step 2 of the FSA and its question ñhow bad and how likely?ò , this 

answers the ñhow likely?ò ïpart. It is then time to answer the ñhow bad?ò ïpart in the 

following paragraph.    

Situation PC for crossing
PC for frontal and 

overtaking

At least one tanker 

involved
рΣслҎмлҍпрΣслҎмлҍп

At least one 

passenger ship 

involved, good 

visibility 

сΣуоҎмлҍрпΣфҎмлҍр

At least one 

passenger ship 

involved, bad visibility

пΣспҎмлҍппΣфҎмлҍр

One tanker and one 

passenger ship 

involved, good 

visibility 

оΣмпҎмлҍпоΣлрҎмлҍп

One tanker and one 

passenger ship 

involved, bad visibility

рΣмнҎмлҍпоΣлрҎмлҍп

All other ships мΣоҎмлҍппΣфҎмлҍр
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2.4.2. Accident Consequence Analysis 

 
When a collision happens between two ships, no damage or harm is necessarily done. 

In order to estimate the consequences of a collision, the collision frequency needs to be 

combined with a consequence model to see if /how much chemicals are spilled and 

what their impact is. This is called Accident Consequence Analysis and relates to the 

third risk question ñòif it happens, what are the consequences?ò as defined by Kaplan 

(1997). In the same way as with Accident Frequency Analysis, analyzing accident 

consequences consists of several steps: estimating spill sizes and estimating the toxicity  

of the spill. The theory behind the three different steps is given below, starting with 

how to estimate spill sizes. 

2.4.3. Spill sizes 

In literature, there are several models for evaluating collision damage to a tanker (e.g. 

Rawson et al. 1998, Lützen 2001). For the purposes of this thesis, the collision 

consequence model needs to be able to handle tankers of all sizes that sail the GoF. 

Besides this, the model cannot be computationally too demanding and it has to be able 

to be adapted to different collision speeds and angles.  A model that meets these 

requirements is presented by Montewka et al. (2010).  The model can estimate spills for 

all size of tankers based on an assumption of a 6 x 2 tank layout for all tankers. 

Furthermore, the model assumes that 80 % of all collisions result in no spill and that 

the rest 20 % result in a spill for the struck vessel only. In the case of a spill, the spill 

size from the struck ship is estimated by generating a random value from a lognormal 

distribution with different means  and standard deviations for the different ship sizes.  

Table 3 Parameters of lognormal distributions for certain tanker sizes (Montewka et al. 
2010:1009).  
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An illustration of such a lognormal probability density function is given using the 

parameters for a 50 000 DWT tanker, generated using the plot-command in MATLAB.  

 

Figure 7  Spill probability density function for a 50  000 DWT tanker  

As can be seen from the figure, the most likely spill size for a 50 000 DWT tanker is 

around 2100 tons and that the bigger the spill, the more unlikely  it is to happen.  By 

using this ñcoin-flippingò approach (randomly genereting spill sizes), the spill for each 

collided chemical tanker can be estimated. The spilled chemical(s) can be also 

randomly generated in the same manner simply by comparing the transported 

chemical amounts to one other to obtain probabilities that a randomly selected tanker 

carries a certain chemical. This information is then used for randomly generating what 

chemical(s) is being transported in the struck tanker.  Spill size per different chemical 

type p  ɴ[1,2,é,P]  is denoted by zp. 

The models reliability, however, depends on the assumptions laid down by IMO, 

regarding a mean value of an oil outflow in case of an accident (Montewka et al. 2010). 

Also the model is used to estimate oil outflows, not chemical outflows. Thus if the 

sturctural  rigidty or amount of tanks in a given chemical tanker differs from the 6x 2 

layout assumed for oil tankers, the results will be different. Also if the transported 

chemicalsô physical properties differ from oils, the outflow rates will also be different. 

These shortcoming their implications will be discussed more in detail in the empirical 

chapter. In order to estimate the consequences of a collision-related spill, it is not 

enough to know the spilled amount as the different chemicals are not all equally toxic to 
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marine life and humans. The varying toxicity of different chemicals is addressed in the 

paragraph below.  

2.4.3.1. Toxicity of spill  

 
In order to assess the risk of different chemicals, one must have information about how 

dangerous they are. There is a standardized way of classifying the hazard level of 

various seaborne chemicals. According to IMOôs International Convention for the 

Prevention of Pollution from Ships  (MARPOL), chemicals have the following categories 

in accordance to their hazard level (IMO 2002c):  

Category A  - Noxious liquid substances, which if released into the sea, pose a major 

hazard to either marine environment or human health or cause serious harm to the 

amenities or other uses of the sea. 

Category B  ï Noxious liquid substances, which if released into the sea, pose a hazard 

to either marine environment or human health or cause harm to the amenities or other 

uses of the sea. 

 Category C ï Noxious liquid subst ances, which if released into the sea, pose a minor  

hazard to either marine environment or human health or cause minor harm to the 

amenities or other uses of the sea. 

 Category D  - Noxious liquid substances, which if released into the sea, pose a 

recognizable hazard to either marine environment or human health or cause minimal 

harm to the amenities or other uses of the sea.  

Other substances  that  fall outside these four categories, and thus are consider to not 

pose danger to the marine environment. 

The statistics available for this thesis are in this format, but a newer format was 

introduced in by IMO in 2007, where the new categories are X (major hazard), Y 

(hazard) and Z (minor hazard ) and other substances (no hazard) (IMO 2007). The 

older format, however, is still in use in AIS data. 

Although this approach of categorizing the chemicals into different  categories gives a 

cohesive and easy measure of the danger posed by the individual chemical, it does not, 

however, give us complete information: E.g. are all chemicals within the same category 
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equally damaging from an environmental perspective? Another shortcoming is that the 

scale is qualitative, not quantitative. This means that it  cannot be determined exactly 

how many times worse it  is from an environmen tal perspective that 100 tons of 

category X chemical is spilled in a given area versus 100 tons of category Y chemical. 

For this purpose, a comprehensive study should be undertaken that is too wide for the 

framework of this thesis.    

Relating this classification back to the definition of risk, we now have the scenarios Si, 

which are collisions. A collision has consequences Xi, which in this case are estimated 

based on the effects of the spilled chemical of type p, size zp and its corresponding 

hazard factor H p. The hazard factor is estimated based on the MARPOL ïcategory of 

the chemical. By combining the models presented above, the frequency for collision per 

square in the GoF is obtained, as well as the spilled substances, their volumes and risk 

classifications according to their MARPOL -categories A-D. By combining this 

information, the risk in different parts of the GoF can be represented mathematically.  

2.5.  Summary of Risk Analysis  

 
Based on the above models it is possible to quantify the risk of various parts of the Gulf 

of Finland. With a division of the GoF into 5 x 5 km squares, each square in the GoF can 

be classified into a matrix where each square is assigned a row i ɴ [1,2,..,I] according to 

the squareôs latitude and column j ɴ[1,2,é,J] according to the squareôs longititude.   

Now the risk can be expressed for each ij:th square by combining the number of 

expected collisions per ship type per square (Nt ij  = N t ij cand * Pc ), the simulated spill sizes 

in the squares of chemical type p ɴ [1,2,é,P]  (zp) and the hazard level of the spilled 

chemicals (Hp).  The risk is quantified by multiplying the number of accidents of all 

ship types with the spill sizes and hazard factors. Then the risk for each square is  

2   ( .z  zÚ  

This concludes the first two steps of the FSA, namely "what can go wrong?" and "how 

bad and how likely?" as well as answering the three risk questions by Kaplan (1997) 

namely ñwhat can happen?ò, ñhow likely is it to happen?ò as well as ñIf it happens, what 

are the consequences?ò Thus the risk has now been defined and the methods for 
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modeling risk have been shown. Therefore, the next step is to look at what can be done 

about the risk which is FSAôs third step.  

2.6.  Step 3: Risk Control Options  

This step of the FSA deals with the question ñcan the situation be improved?ò ï in this 

case by having one or more chemical recovery vessels with certain equipment in the 

GoF. Before this question can be answered, the reader must know about the behavior of 

chemicals when spilled to the sea as this affects how and if they can be recovered. The 

effectiveness of mechanical recovery of spilled chemicals depends on physical 

properties of the chemical such as the density and viscosity. As an example, if a 

chemical evaporates instantly if it is spilled into water, little can be done to recover it 

after a ship collision.  According to the Bonn Agreement (2002) chemicals can be 

divided into following main - and subgroups according to their behavior in water.  

When in contact with water, chemicals that do not violently react with H 20 can either 

be gasses to begin with or they can evaporate. If the chemical is not a gas nor does 

evaporate, it can either just float on the water or dissolve into the water. Finally, there 

are chemicals that do not dissolve into the water but sink to the bottom. Also a 

chemical can have characteristics of one or more main groups e.g. sink and dissolve at 

the same time. These combinations form the subgroups, which are presented in table 4.  

Table 4 Property groups of chemicals  (Bonn Agreement 2000)  

 

The behavior of the different main and sub groups in water can be visualized in the 

following manner:  

Main groups Subgroups

G Gas GD Gas/dissolver

E Evaporator ED Evaporator/dissolver

FE Floater/evaporator

FD Floater/dissolver

FED Floater/evaporator/dissolver

D Dissolver DE Dissolver/evaporator

S Sinker SD Sinker/dissolver

F Floater
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Figure 8  Physical behavior of chemicals spilled into water (Bonn Agreement 2000)  

Recovery vessels can reduce the environmental risk related to chemicals spilled as a 

result of a tanker collision by reducing the consequences that spilled chemicals have on 

the environment. This is done mainly by recovering spilled substances from the sea.  
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Figure 9   Swedish multi -purpose spill recovery vessel (Maritime Journal 2009)  

The risk related to different chemicals with different physical propertie s can lowered in 

different ways: 

Sunken chemicals can be realistically recovered by dredging, but SYKE recommends 

leaving the task to specialized dredgers and not to RVs.  If a chemical has dissolved in 

the water, it is practically impossible to recover. (SYKE 1995) Figure 10 describes 

different  techniques for dredging, which can be done by lifting the bottom matter with 

a dipper to the dredging vessel (top in the figure) or by sucking (lower 2 illustrations of 

the figure).   
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Figure 10  Recovering chemicals with dredging (SYKE 1995:14)  

When it comes to gases, spraying gas- absorbing foam can be effective to reduce the 

spread or impact of the gas on the environment. Also towing crippled and damaged 

vessels is possible as well as pumping chemicals from floating and a sunken tanker to 

the RV itself is possible. SYKE (1995) 

Floating chemicals can be collected from the sea most effectively using either brushes 

or drums with adhesive surfaces (oleophilic surface) or with boom-skimmers of the 

same type that is used for oil (SYKE 1995). These are illustrated in figure 11. 
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Figure 11  Different mechanisms for recovering floating substances (SYKE 1995:11)  

As can be seen from the figure, also different weir and hydrodynamic devices can be 

used for recovering floating substances. The weir, pump and skimmer systems suck 

water into a cleaning mechanism and let out cleaned water whereas the other oleophilic 

surface devices do not take water onboard, just the floating substance.  

The different recovery methods perform differently with substances of different 

viscosity in diffe rent sea-states, measured in optimum m3 of collected substances per 

hour  as illustrated in figure 12. 
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Figure 12  Optimal recovery rates for boom skimmers for low, medium and high viscosity 
substances (SYKE 1995:12)  

Starting from top left and going clockwise, the figure shows optimal recovery rates for 

low, high and medium viscosity substances using different recovery methods in 

different sea states. The adhesive surface brush/drum/roll and belt systems as well as 

boom skimmer types are the most effective for recovering floating chemicals of all 

viscosities and all sea states. As the floating chemicals seem to be the most important 

category of chemicals that RVs can recover, the focus of this thesis is on how to recover 

chemicals that float for at least some time with brushes and skimmers, the spread of 

which can  be reduced by laying booms. (SYKE 1995) 

Besides the physical properties of the chemical (viscosity, density etc.) and sea state, 

the effectiveness of recovery vessels depends on factors such as response time, ability to 

collect various chemicals and collection capacity. The response time is important 

because recovery vessels are most effective until the spill slick hits the shore  and 

recovering spilled substances is much more expensive from shorelines than from open 

water (Luoma 2010; SYKE 2010). For the purposes of determining the recovery 
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capacity, effectiveness, speed, and other technical properties of various chemical 

recovery vessels, written sources and expert interviews are done in the empirical part.  

Coming back to the FSA, the fourth question "can the situation be improved?" has now 

been answered by briefly presenting different RCOs and the ways they can reduce the 

risk related to different types of chemicals. A more detailed description of the variables 

used to estimate the effectiveness of the RCOs is given in the following paragraphs, 

where evaluating the costs and benefits of different RCOs is addressed. 

2.7.  Step 4: Cost -Benefit -Analysis  

The fourth  step of the FSA answers the question "what would it cost and how much the 

situation would improve?"  In FSA, CBA is used to answer this question and CBA as a 

method has already been discussed briefly at the beginning of this chapter. As follows, 

CBA is presented in a form that is relevant to the FSA. CBA in this form can be 

summarized in the following steps:   

a) Define the framework for the FSA by defining the scope and limitations  

b) Define the criteria that are used to assess the costs and benefits in the FSA 

c) Evaluate the benefits of the RCOs using the defined criteria  

d) Evaluate the costs of the RCOs using the defined criteria 

e) Compare the costs and benefits to determine best alternative or alternatives 

The first step has already been done previously in this chapter as the framework is 

defined by the limitations of the thesis : GoF, chemical recovery vessels as RCOs and 

collision related Risk Analysis only. The overall objective of FSA is to reduce risk in the 

most cost-efficient way. This also means that the criteria are risks and costs. Thus, the 

benefits are expressed in how much a given RCO (recovery vessels) lowers the risk as 

defined in the Risk Analysis part.  Combining this with information about the RCOsô 

costs leads to a comparison of the options according to their costs and benefits in order 

to determine the best RCO or RCOs.  

The advantages of CBA are e.g. that we can include non-monetary benefits in the 

analysis (Atkinson & Mourato  2008 ) and that CBA provides a framework  to evaluate 

different  projects or options with  each other (Sugden & Williams  1978). 
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On the other side, CBA has been criticized for arriving at morally dubious results in 

public projects (Adler & Posner 1999) if CBA is used to put dollar signs on intangible 

values such as human life or biodiversity. In addition, the validity and reliability of CBA 

has been criticized (Atkinson & Mourato 2008): it is far from trivial to evaluate costs 

and benefits related to qualitative factors. Moreover, CBA is based on future expected 

benefits and costs, making the results of CBA uncertain. Therefore, the reliability and 

validity CBA should be discussed comprehensively. One way to increase the reliability 

of CBA is sensitivity analysis, which will be described and discussed in later chapters.  

Those steps of FSA that have so far not been definedï evaluating the costs, evaluating 

the benefits and comparing costs and benefits ï are described more in detail in the 

following paragraphs.   

2.7.1. Evaluating costs of RCOs  

 
In a CBA the costs can incur at different times. Taking a ship as an example, it has a 

procurement cost which incurs when the ship is bought. Besides this, ships also have 

maintenance costs etc. that occur in the future . A cost that incurs in the future is not of 

the same value as a cost incurs today: If 1000 ú needs to be paid in 10 years, this can be 

covered by putting aside 1000 ú / 1.0510 = 614 ú today, if the interest rate is 5 % pa. 

Therefore, in order to be able to compare these costs to the current value of money they 

need to be discounted (Sugden & Williams 1978). Discounting and summing all 

incurred costs of an alternative or project produces the net present value (NPV). In 

order to do this, the fol lowing variables are defined: 

r := discount rate  ɴ[0;1]  

Cny :=  cost incurred in year y by RCO n 

Thus NPV for the n:th RCO can be calculated in the following way (Baker 2000; Frost 

1975): 

.06
#

ρ Ò
  

where Cn0 represents the cost incurred in the first year and CnY in the last year Y of the 

life span of the RCO. The individual Cny include procurement, maintenance, operating 
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and decommissioning costs. Note that the decommissioning cost can be negative if the 

RCO can be decommissioned for a profit, e.g. a recovery vessel can be sold for scrap or 

other uses.  Having thus defined the costs of RCOs, the next step is to look at the 

benefits of RCOs.  

2.7.2. Evaluating benefits of RCOs 

 
The benefits of the different RCOs are measured by linking the recovery capabilities of 

the different RCOs to the risks. In this paragraph the variables used to this purpose are 

presented more in detail .  

One criterion for this evaluation is response time. As Luoma (2010) points out, oil 

recovery vessels can be effectively used until the oil slick hits the shore. For the 

purposes of this work the same is assumed for chemicals. This means that a faster 

response time increases the probability and volume of recovered chemicals before they 

can reach the shore, dissolve or sink.  The recovery tank size of vessels also contributes 

to this: If the recovery vessel does not need to return to base to empty its tanks the 

recovery operation will be more effective. A third criterion is whether and how 

effectively a recovery vessel can recover different types of chemicals. One also needs to 

keep in mind which chemicals are recoverable due to their physical properties: If a 

chemical dissolves or sinks instantly when it comes to contact with water, little or 

nothi ng may be done to recover the chemical.  

Summarizing the criteria, we can formulate the following optimization criteria, noted 

by zi: 

First criterion : Choosing a harbor or harbors from a set h = {Helsinki, Kotka, 

Upinniemi, é} as a base for the recovery vessel(s) so that the average distance is 

minimized to the potential chemical tanker collision sites  t  ɴ [1, 2,é,T] weighed 

according to the respective risk factor  based on volume of chemical spill and the 

respective hazard level of the chemical p  ɴ[1, 2,é,P]. 

ÍÉÎÚ  ÁÒÇÍÉÎ Ä   z (  zÚ  
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where  

d t h := the distance from the potential collision site to the nearest harbor with an RV  

zp := volume of spilled chemical p during simulation in the given collision scenario  

(  := the hazard level of the chemical p  ɴ[1, 2,é,P]. 

Second criterion: Minimize the average response time to an accident, defined as 

follows:   

Ú  ÁÒÇÍÉÎ 
ρ

Ὕ
Ὀ    

where Dt  := the distance from the potential chemical tanker collision site t to the 

nearest harbor with an RV 

Third criterion : The more chemicals the vessels are able to recover, the better. In 

optimization terms, this can be expressed as  

Ú ÍÁØ Ò Úz  

where the variables are as follows: 

Ò ȡ  
ρȟÉÆ ÖÅÓÓÅÌ Î ÃÁÎ ÒÅÃÏÖÅÒ ÃÈÅÍÉÃÁÌ Ð 
πȟ    ÏÔÈÅÒ×ÉÓÅ                                           

 

zp := volume of spilled chemical p during simulation.  

Fourth criterion:  The bigger the combined tank size of all recovery vessels, the less 

round -trips the vessels need to make. Maximizing tank volume can be expressed as  

Ú ÍÁØ Ã 

where 

cn := recovery capacity (tank size) of vessel n. 
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The trivial solution that optimizes these criteria is having a vessel in every possible 

harbor with infinite speed and unlimited collection capacity.  However, increasing the 

number, speed and capacity of ships also incurs costs. Therefore we will need to 

compare the associated costs and benefits which will be discussed below.  

2.7.3. Comparing the costs and benefits  

 
Now the current situation with the associated risk level, the costs of RCOs as well as the 

variables used to measure their benefits are defined. The next step is to link these 

together within the framework of  CBA so that one in the end can make 

recommendations to decision-makers regarding the implementation of RCOs. This is 

done by taking all the possible options - having 1-5 harbors as chemical recovery vessel 

bases and calculating the costs and benefits associated with each option. As mentioned 

before, desirable features are minimizing response time and maximizing tank size as 

well as the collection ability ïwhether the recovery vessel(s) can recover the spilled 

chemical. Increasing any of the desired features increases the costs; therefore the costs 

and benefits need to be weighed against each other. This will be done in the empirical 

chapter 4. The relationship between the features, costs and benefits are summarized in 

figure 13.  
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Figure 13  Comparing costs and benefits of RCOs  

2.8.  Step 5: Recommendations for Decision -m ak ing  

 
Now that the risks, costs and benefits have been described, only the last step of FSA 

remains: Making recommendations for decision -makers.  As defined above, it is 

possible to calculate a cost for the RCOs using NPV. However, for the risk and the risk 

reduction we have defined a hazard level on the harmfulness of the spill for human 

health and the marine environment  based on the MARPOL ïcategories. As this variable 

is not directly comparable with a monetary variable, there will be no single optimal 

answer: The relevant authorities that are responsible for this decision-making must do 

it based on the utility of the society for avoiding risks related to chem ical accidents. 

Therefore, in the empirical part where the results are presented, the conclusion will be 

a discussion of the costs and benefits associated with the different RCOs together with a 

discussion of the findings from the expert interviewsô open ended questions.   
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2.9.  Summary of the theor etical part   

The theory is built up around the five steps of the FSA, where the focus regarding 

hazards is on the negative environmental effects of chemicals spilled as a result of 

collisions with a chemical tanker involved.   

 

Figure 14   The 5 steps of FSA (modified from Goerl andt et al. 2011)  

The second step is the Risk Analysis, which uses the simulation model by Goerlandt & 

Kujala (2011) for simulating collision candidates (i.e. the Accident Frequency) and the 

model by Mont ewka et al. (2010) for estimating the consequences of the collisions (i.e. 

the Accident Consequence Analysis).  

In the third step, recovery vessels are considered as RCOs and the costs and benefits of 

them are evaluated in the fourth step, which then ultimately leads to the fifth and final 

step: Recommendations for Decision-making where the research questions of the thesis 

are answered. Completing these five steps concludes the theoretical part of the thesis 

and leads to the next part, which revolves around methodology.  
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3 METHODOLOGY  

This thesis takes a deductive research approach, using a pre-defined theoretical 

framework (adapted FSA) and testing how empirical data from the GoF fits within this 

framework. The thesis is set within the paradigm of scientific realism , as the results are 

not absolute truths but  can only to a limited extent mimic reality, leaving room for 

uncertainty and error.  

In this chapter , the methods for data collection and analysis that are relevant to this 

thesis are presented. The reasons for using certain methods in this thesis are given in 

addition to a discussion of the concepts of reliability and validity. This is done in a 

hierarchical manner in the following paragraphs, starting with a presentation of the 

quantitative and qualitative methods.  

3.1.  Qualitative and  quantitative methods  

 
As follows, the two different empirical study methods are described, namely qualitative 

and quantitative methods along with a discussion of their suitability for the purposes of 

this thesis.  

If we want to find the range, frequency or extent of a phenomenon, the best way to do it 

is with a testing problem, which is always quantitative. A quantitative method will 

usually have an extensive approach, i.e. priority is given to gathering a large sample 

that is investigated more superficially instead of investiga ting a small sample in depth 

(Jacobsen 2006). The quantitative method is associated with paradigms of scientific 

realism and positivism and with all three research approaches: inductive, deductive and 

abductive.  

 In a quantitative study, hypotheses and theories can be tested with the help of 

statistical methods. The main advantage of the quantitative method is the ability to 

make generalizations of the entire population with a high degree of certainty. The 

disadvantages, however, include the risk of being superficial and only gaining a poor 

understanding of the studied phenomenon because of analytical distance. Furthermore, 

data collection in a quantitative study is rigid because standardized questions and 

response options are defined, which may give an incomplete or distorted picture of the 
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respondentsô opinions (Jacobsen 2006) or in the case of modeling, leaving important 

factors out of the mathematical model .  

The opposite of a quantitative method is the qualitative, where the weight is to examine 

a small sample in depth. Therefore a qualitative study has a so called intensive 

approach. If the purpose of the study is to understand or explain what is happening in a 

specific event, an intensive approach is the most appropriate for the study (Jacobsen 

2006).  

 The qualitative study method fits well when little knowledge about the studied 

phenomenon exists, and therefore the researcher wants to formulate new theories and 

hypotheses by collecting in-depth information from a small sample. The objective is 

thus not to generalize, which is in contrast with the quantitative method. The 

advantages of a qualitative study include a good depth and a detailed understanding 

combined with flexibility in data collection (Jacobsen 2006). This gives a good overall 

understandin g of the studied phenomenon, situation or individual. The qualitative 

study is not without its drawbacks: the data from the survey can be confusing and too 

detailed. In addition, the survey quality  can be compromised by the proximity of the 

respondent. Also the flexibility of the method can mean that the study will never be 

finished.  

 According to Jacobsen (2006), depending on the aim of the study, usually one of the 

two methods is chosen. It may also be possible to combine qualitative and quantitative 

studies e.g. by first making a qualitative study, followed by a quantitative study. 

Comparing the results of the different studies can give much better results than simply 

using only one method, but this usually requires much time and energy.  

Given the thesisô aim, it can be argued that the different steps may require different 

methods; Step 2 of the FSA: ñhow bad and how likely?ò is obviously more quantitative 

oriented, as it focuses on the range, effect and frequency of a relatively narrowly 

defined problem:  environmental risk related to chemical tanker collisions. This risk 

links with step 4, the Cost-Benefit Analysis, as the benefits of the RVs are measured in 

how they can mitigate the risk.  

On the other hand, FSAôs step 5 - making recommendations for decision-making - and 

step 3 ï the Risk Control Options - are more ambiguous: As Jacobsen (2006) pointed 

out, the quantitative method risks producing only a superficial understanding of the 

phenomenon or situation. Therefore, at this stage, the quantitative study is augmented 
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by a qualitative study. This is done in order to gain a more in-depth understanding of 

the properties of the chemical recovery vessels as well as to present a more in-depth 

discussion about the results and to gain more information for maki ng 

recommendations about decision-making.  

In  this thesis, the author used Microsoft Excel and MATLAB programs to analyze the 

quantitative data. The analysis by MATLAB was conducted mostly by coding and 

running m -files and storing the output in .mat - files for future references. All 

programming and calculations were done by the author, with the exception of obtaining 

the collision input data from Goerlandt & Kujala (2011).   To supplement all this, 

interviews were also done. MATLAB itself and doing interviews is described more in 

detail in the following paragraph s.  

3.2.  Analyzing quan titative data with MATLAB  

MATLAB (matrix laboratory) is a numerical computing environment and fourth -

generation programming language. It is used to perform calculations, plotting data, 

coding and running algorithms etc. (MathWorks 2011) and is widely used among e.g. 

engineers. MATLAB serves in many senses the same role and performs same kinds of 

calculation and figure plotting tasks as Excel. However, MATLAB has more features 

and flexibility, and handling big datasets is easier thanks to m-files that are codes 

(script) written by the user or the users. The m-files are saved as text documents, and 

they can be run by the user by a single mouse click at any time to perform certain tasks 

fast and with ease, such as calculating distances from 10 000 different potential tanker 

collision sites to the harbor of Helsinki.  
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Figure 15  Example of script from an m -file written by the author  

Different m -files can also be linked and their results can be saved as separate .mat- files 

for future reference or as input for other m -files.  

 

Figure 16  Example of data loaded from an .mat - file in MATLAB  

As can be seen, numbers (3.1406 x 104) and text (óKotkaô) in MATLAB can be saved in 

matrix form in similar way that Excel does . Also the same commands that are used in 

Excel for calculations are somehow similar to commands given in the Command 

Window in MATLAB , which can be used in addition to writing and runn ing m-files. 
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Figure 17  Example of a calculation done in MATLAB  

For a more detailed description of MATLAB and its features, please refer to the 

MathWorks homepage (MathWorks 2011). 

3.3.  The interview as a research method  

Fisher (2007) identifies three general approaches for doing research using interviews: 

open, pre-coded and semi-structured. The idea of an open interview is that the 

interviewer engages in informal conversation with the respondent about a particular 

area of interest, letting the respondent lead the interview to a great extent. The pre-

coded interview is the opposite, where the interviewer has a prepared script that is 

generally not deviated from, often with a limited number of response choices for the 

respondent. In the middle lays the semi-structured int erview, where the interviewer 

follows a questionnaire but includes open-ended questions or allows an open 

conversation during the interview.  

According to Lantz (2007), the semi-structured interview makes quantitative analysis 

possible but also allows for a limited qualitative analysis of the phenomenon.  The 

ability to do quantitative analysis on the basis of the interviews regarding the 

capabilities of the recovery vessels is a must as their performance is evaluated 

quantitatively in optimization function s defined in chapter 2.  However, as the aim of 

this thesis is narrow with the regard of the different  RCOSs (recovery vessels as RCOs 

only) , investigating them in more depth and putting the m into a greater perspective 

through qualitative analysis is interesting. For these reasons a semi-structured 

interview approach is chosen for this thesis, which is also concurrent with the deductive 

approach and the paradigm of scientific realism and posit ivism.  The interviews are 

done face-to-face when possible in order to better elicit answers to open-ended 

questions and comments to the topic from the interview subjects. While doing 

empirical research by interviews or other means, it is important to cons ider the 
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reliability and validity of the data and the research. These concepts are presented and 

discussed in the following two chapters.  

3.4.  Reliability and dependability  

According to Jacobsen (2006), reliability indicates whether our study is trustworthy.     

In quantitative studies reliability can be accurately measured by repeating the 

experiments and comparing the results, by calculating confidence intervals for 

parameters or by sensitivity analysis. Sensitivity analysis means varying the modelôs 

differen t parameters and seeing how this affects the results (Saltelli et al. 2004). In 

quantitative studies this is necessary as there is usually some uncertainty about the 

results as the study does usually not fully describe the reality: In modelling, 

simplifica tions are usually done (Ljung & Glad 2004), and in surveys the sample 

usually does not cover the entire population.  

In qualitative research reliability is not a quantifiable factor,  but more a question of 

ensuring that there are not factors in the study, which distort the results.  Therefore 

another term - dependability - is more appropriate in a qualitative research context 

(Hirsjärvi & Hurme 2001). The distorting factors are the interviewer effect and 

contextual effects (Jacobsen 2006). The interviewer effect means that the interviewer 

can influence the respondents' answers as by e.g. asking leading questions or give 

respondents a motivation to please the interviewer by giving answers that would please 

the interviewer more.  

Contextual effects refer to the place and time of the interview: This can affect the 

responses of the respondents - it should be avoided to interview respondents in places, 

where they do not feel themselves comfortable or asking questions when respondents 

may be distracted. It should also be critically examined whether the respondents are 

honest and record the interviews. (Jacobsen 2006)  

In order to avoid the contextual effects, all respondents were either interviewed in a 

location of their choi ce and time or over the phone. To enhance reliability and 

dependability of all types of data, triangulation was done whenever possible, verifying 

or comparing data available from one source to other sources. 
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3.5.  Validity , inter subjectivity   and other quality criteria  

Validity measures how well a study actually measures what it sets out to measure 

(Litwin 1995). This is also called the internal  validity , and without it the study  cannot 

fulfil  its aim. A parallel term used by Halldórsson & Aastrup  (2003) for qualitative 

studies in the field of logistics is credibility . Reliability or dependability is a pre -

requisite for validity or credibility, but just because a study is reliable does not make it 

automatically valid .    

When using a simulation model that mimics reality, the validity can be estimated by 

e.g. comparing the results of the simulation with the results of real experiments or 

statistics about the phenomena (Ljung & Glad 2004). When conducting research that 

falls outside the paradigm of positivism, the internal  validity  may difficult  to define. In 

social sciences, a more common and synonymous term is inter-subjectivity.  This 

means that the more people agree on the results, the more likely they are to be correct. 

Internal  validity  of a study can thus be improved by allowing other s to test our results, a 

process called validation . Furthermore,  internal  validity  can be increased by comparing 

the results with other studies as well as with critical  self-review (Jacobsen 2006).  

Another quality criterion when conducting research is external validity or 

transferability. The first term is more associated with quantitative and the latter with 

qualitative research, describing the extent to which the study can make generalizations 

about the world.  The same logic of dual terms applies for objectivity, known as 

confirmability in a more qualitative context.  Objectivity means that the results of the 

study are concurrent with the data as opposed to being influenced by the researcherôs 

bias. (Halldórsson & A astrup 2003)   

One final quality criterion as set by Wallendorf & Belk (1989) is integrity, or the extent 

to which the interpretation of the qualitative data was unimpaired by lies, evasions, 

misinformation, or misrepresentations by informants. The reliabil ity, validity  and other 

quality factors  of the empirical study are discussed in the empirical part of the thesis, 

each in turn after the results of the study have been presented.  

Prior to collecting any data, several steps were undertaken to ensure the quality of the 

research, including drawing up an interview guide and submitt ing it  for feedback from 

peers and instructors. The interview guide also includes specific questions that are 

asked in order to determine the respondentôs level of expertise. A pilot interview was 

also designated for evaluating the interview guide and the results of the interview 
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summarized in a Word- file and sent back to the respondent for comments. In addition, 

the interview respondents are screened and identified based on the criteria described in 

the following paragraph.  

3.6.  Identifying interview subjects   

 
This thesis does purposeful sampling for identifying interview subjects. This means 

selecting specific persons, events or settings that can provide information that cannot 

be obtained well otherwise (Maxwell 1996).  The main goals of the interviews are to get 

prior knowledge of the field as well as getting answers to questions that were left 

unclear or unanswered in available written sources of the topic, which were used to 

gather the bulk of the empirical data .  Another bonus of the interviews was to get a 

more in-depth understanding of the field by qualitative methods.  

The information that is required is very specific, thus the interview subjects need to be 

experts within this field. Thus they cannot be selected as random or stratified samples.  

In order to identify the relevant persons  and screen out respondents with insufficient 

expertise, the following was done: Searching on-line to identify organizations and 

individuals  responsible for chemical spill combating in Finland, contacting Chembaltic - 

project researchers by e-mail or in person and asking them if they knew whom to 

contact regarding the matter, and asking the identified organizations and persons if 

they were in fact experts within this field. Also the identified experts and organizations 

are to be asked if they knew anyone else who is an expert when it comes to chemical 

spills and recovery vessels.  

For the pilot interview, Jukka Pajala from SYKE was selected as a respondent as he was 

deemed by to be the person with perhaps the most expertise in spilled chemical 

recovery. Through the pilot interview, answers to most of the questions in the interview 

guide were obtained either directly or from documents recommended by Pajala and 

were thus not asked from other experts. The results of the interview are used in this 

thesis as they contain valuable information. For verifying Jukka Pajalas information, 

Kalervo Jolma from SYKE was also contacted but he is currently on paternal leave and 

could not be interviewed. The chief of the ship unit at the Finnish Boarder Guard, 

Gunnar Holm  and Tom Lundell, maritime safety expert at Finnish Boarder Guard , were 
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contacted for asking more questions about the capabilities and costs of their vessels and 

confirming what Jukka Pajala had told about the future Boarder Guard RVs.  

The rest of the data collection and interviews were conducted on an ñad-hocò ï basis: 

Firstly, the necessary information was searched for on-line and in databases. Data, that 

was not available from these sources, was collected by calling the organization that was 

most relevant in the given case and asking them if they had any materiel about the 

missing information  or if the persons themselves could give the missing information 

orally . A research diary was kept of the telephone calls, which usually resulted in the 

person either sending a link to previously undiscovered material or by referrin g to 

another person. The telephone calls were also used to gather background information 

about the field of study.  It was not possible to know in advance if the person that was 

called had any relevant information about the subject. The author also participated in 

an excursion organized by Aalto University to Helsinki Vessel Traffic Service center and 

had several open-ended conversations in person with research personnel at the Aalto 

University Marine Technology laboratory in order to gather necessary background 

information for the study.  

3.7.  Other interviewed experts  

In order to obtain more specific information about the costs of equipping an RV to also 

deal with chemicals, Harri Putro, the CEO of Uudenkaupungin työvene  Oy and Mika 

Hovilainen, an engineer at Aker Arctic were interviewed over the telephone along with 

Andrey Galkin, the technical director of Nevsky SSY and Åke Dannevik, director of new 

building at the Swedish Coast Guard. Regarding chemicals transported in the GoF and 

about databases such as GOFREP and PortNet, Jyrki Vähätalo from the Finnish 

Transport Safety Agency and Antti Arkima from the Finnish Transport Agency were 

interviewed over the telephone, in addition to Meri Hietala from SYKE .  

3.8.  Layout of the empirical research  

The need for empirical data is defined by the different steps of FSA as defined in the 

second chapter. This sets the frames for collecting data and the type of the data, which 

was mostly collected from written sources found through on-line searches. Besides this, 

some interviews were done to get prior knowledge of the topic as well as to get more in-

depth information and answers to questions not answered in the written sources. Also 

the results of collision candidate simulations done by Goerlandt & Kujala (2011) were 
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used as input for the Accident Frequency Analysis along with AIS- data.  The number of 

sources used in this thesis is too big to be presented in a table or the like in a clear 

manner, but the following empirical chapter follows the structure of FSA for clari ty and 

structure.   



 
 
 

 

43 

4  MITIGATING CHEMICAL RISKS WITH RECOVERY 

VESSELS  

In this chapter the results from the empirical study are presented  and discussed. The 

chapter is structured in the same manner as the theoretical chapter 2, starting from 

FSA step 2: Risk Analysis, followed by step 3: Risk Control Options and ultimately, by 

step 4: Cost-Benefit Analysis.  The final fifth step of FSA ï Recommendations for 

Decision-making is left to the final chapter of the thesis.  

4.1.  Step 2: Risk Analysis   

 
The Risk Analysis part follows the same structure as in chapter 2: A division into 

Accident Frequency Analysis and Accident Consequence Analysis. The results from the 

empirical study of these parts are presented as follows, starting with how the collision 

frequencies were estimated, followed by how the consequences were estimated. Finally, 

the risk caused by chemical tankers sailing in the GoF is illustrated per 5 x 5 km square 

based on the results of the Risk Analysis.   

4.1.1. Accident Frequency Analysis : Tanker Collision Candida tes 

 
As input data for the Accident Frequency Analysis based on the model of Goerlandt & 

Kujala (2011), data from the Automatic Identification System (AIS) is used. AIS is a 

system, that all ships above 300 tons are required by the IMO to have.  AIS works by 

the ships themselves automatically send data by radio to the Finnish Transport Safety 

Agency Trafi (Trafi 2011). This data includes the following variables for each ship: 

location, time, speed, length, width and type (tanker, passenger, tug, etc.). The ships 

report all this between intervals of 2 sec-3 minutes, depending on factors such as 

whether the ship is at sea or in port. On the basis of AIS data from a longer period , 

several statistical distributions can be estimated, that describe how many ships arrive / 

depart from which port, at what time, where they are going , and what their size, speed 

and type is. The data is used for the simulation of what ships collide and where during a 

in the GoF. For this analysis, data from the whole of 2007 is used.  

For the purposes of this thesis, output data of collision candidates from 24 simulation 

runs by Goerlandt & Kujala (2011) based on 2007 AIS ï data are used, yielding a total 
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of 10 700 collision candidates, where a tanker was the struck vessel. The simulation 

runs were conducted by Goerlandt in 2010 on an ordinary desktop computer, lasting 

around 12 h each to complete. These collision candidates were plotted  in figure 18 using 

the MATLAB plot -command and merging the plot with a map of the GoF. Note that 

even though GoF per definition ends at Hankoniemi peninsula, this map extends 

somewhat west beyond this point. Also as GoF harbours, the harbors around Turku and 

Naantali are included but the traffic to these harbors are not.   

 

Figure 18  All G ulf of Fin land  tanker collision candidates from 24 simulation runs .              
M ap: © Merenkulkulaitos lupa nro 1321/721/200 8.  

From the map it can be seen that potential collision scenarios with tankers involved are 

concentrated on the shipping lanes to certain harbours as well as to the main east-west 

bound shipping lane that goes in the middle of the GoF. This lane also seems to have 

most collision candidates: The blue dots that represent collision candidate scenarios 

are so close to one another that they form a constant line. This illustrated output data 

from the model of Goerlandt & Kujala (2011) does not distinguish between oil and 

chemical tankers; they are all classified just as tankers in the simulation.  Therefore, 

statistics about the ratio of chemical tankers to oil tankers is needed so that it can be 

determined in the simulation whether a tanker carries chemicals or oil.  All of this is 

done as a part of the Accident Consequence Analysis that is presented as follows, along 

with the spilled chemicals due to collisions.  
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4.1.2. Accident Consequence Analysis 

The Accident Consequence Analysis is made based on the results from the Accident 

Frequency Analysis, which gave the tanker collision candidates as output. Following, 

the data is processed by coding scripts in MATLAB in order to determine what collision 

candidates were chemical tankers and the potential spills that were caused by the 

collisions. These results are combined into a map, that shows how the chemical tanker 

risk is distributed in the GoF. This map is presented at the end of the Accident 

Consequence Analysis part.  

4.1.2.1. Chemical and oil tankers in the GoF 

Unfortunately, th e output data available from the collision candidate simulations does 

not make a distinction between oil- and chemical tankers; Therefore in this thesis, 

whether a tanker is carrying chemicals or oil needs to be ñbackwardò estimated based 

on statistics regarding which size tankers were carrying which products in 2007. The 

full AIS ïdata from  2007 that was used by Goerlandt & Kujala for the simulation 

contains all the ship MMSI - identification codes and to some extent a classification to 

chemical- and oil tankers based on their AIS ïdata. For this thesis, the AIS ï

identification tags and the i ndividual shipsô MMSI- codes were used to count the 

numbers of different types of tankers that sailed the GoF in 2007.   

The available AIS data was complemented with searches of ship MMSI- registration 

numbers on-line on sites such as ShipSpotting.com and marinetraffic.com  using a 

semi-automatic script written in MATLAB to obtain whether a tanker is a chemical or 

gas or oil or oil product tanker . In the list of ships by MMSI - number it was also 

recorded how many times the ship had sailed in the GoF in 2007.  The chemical and gas 

tankers were grouped together, and the oil ïand oil product tankers were also grouped 

together using a script written in MATLAB . The results were plotted in figure 19 as a 

histogram using MATLABôs histc- command.   
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Figure 19  Histogram s of chemical & liquid propane gas tankers and  oil & oil product 
tankers  in 2007  

In the histogram, the number of different tankers are divided into classes of each 

10 000 DWT. Thus the first column represents tankers below 10 000 DWT, the second 

tankers between 10- 20 000 DWT etc.  all the way up to + 170 000 DWT.  I t is 

worthwhile to notice that chemical tankers are mostly relatively small  - below 20 000 

DWT - but there is a big group of tankers in the range of 30-40 000 DWT.  The smallest 

tanker category (< 10 000 DWT) is dominated by chemical and gas tankers, where they 

outnumber oil and oil product tankers 744 to 293. The average size of a chemical and 

gas tanker was 16 859 DWT, minimum 349 DWT and maximum 102 000 DWT. The 

surprising thing according to the data is that even very big chemical tankers sail in the 

GoF: 8 chemical tankers between 80-85 000 DWT and a single 102 000 DWT!   

On the other side, the average size of an oil and oil product tanker was 67 700 DWT, 

minimum 1000 DWT and maximum 164  500 DWT. Most tankers were either below 

10 000 DWT or between 100 -120 000 DWT.  The most notable observation is that in 

2007 the GoF was visited 1187 times by oil tankers versus 1748 times by chemical 

tankers in 2007. This means that chemical tankers are more common in the GoF, even 

though they tend to be smaller than oil tankers.  
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Table 5 Tankers in the GoF in 2007  

 

By looking at how many tankers were recorded in the individual classes 0- 10 000 

DWT, 10 -20 000 DWT et c., the probability that a tanker in a given DWT ïclass is 

either carrying oil (or oil products) or chemicals (or gas) was estimated by simply 

comparing the numbers of tankers by type per weight class in MATLAB . This is used to 

estimate, which tankers in the simulation are chemical ï and which oil tankers. Thus 

the probability of a tanker being a chemical or gas tanker in the different DWT classes 

is as follows:  

Table 6 Probability of a tanker being a chemical tanker by DWT class  

 

As can be seen from the table, if a tanker is smaller than 40  000 DWT, it is a chemical 

tanker with a probability of 70 -80 %. For tankers 40 ï 50 000 DWT, the probability is 

50 % and all tankers in the 50 ï 60 000 DWT range were chemical tankers in 2007. 

Bigger than this, almost all tankers were oil or oil product tankers ï except in the 80- 

90 000 DWT range according to the statistics. Note that this distribution is for the 

whole GoF and is not country or shipping lane specific. To obtain that information, the 

code by Goerlandt & Kujala (2011) should be re-written and re -run. This is discussed 

more in detail below.  

4.1.2.2. Chemical and oil tankers per country  

In the GoF, the share of chemicals versus oil varies from harbor to harbor (Baltic Port 

List 2009). Thus chemical tankers are not evenly distributed in the GoF. Thus given an 

Tanker type: Tankers in 2007 Mean size (DWT)

Chemical & gas 1748 16 859

Oil & oil product 1187 67 700

Pr(tanker is chemical) DWT (1000 tons)

0,72  < 10 

0,85 10-20

0,78 20-30

0,83 30-40

0,50 40-50

1,00 50-60

0,06 60-70

0,00 70-80

0,80 80-90

0,00 90-100

0,00 100-110

0,00 110 +



 
 
 

 

48 

optimal situation, the code used by Goerlandt & Kujala (2011) should be re-written and 

re-run to randomly generate whether a tanker is a chemical or oil tanker when the ship 

sets sail from the harbor in the simulation . Also the transported chemicals and cargo 

load level (% of maximum) should also be generated based on statistics. Given the time 

frame of this thesis, it is not possible at the current stage. Therefore a simpler but more 

unreliable approach is taken: Looking at the transported chemical and oil amounts per 

country. There are several, however somehow incomplete sources for chemicals 

transported in the GoF (Luhtala 2010; Kuronen et al. 2008; Hänninen & Rytkönen 

2006), the latest more comprehensive being based on data from 1987 (HELCOM 1990). 

For the purpose of this study, the most comprehensive statistics were found in 

University of Turkuôs Baltic Port List for 2008 (Baltic Port List 2009), where data was 

collected from individual ports as well as from authori ties in Finland, Estonia and 

Russia. 

Table 7 Transported chemicals and oils in the GoF during 2008 (Baltic Port List 2009)  

 

Using these statistics, the shares of each country of the total GoF transported volumes 

were calculated in Excel to obtain the following fi gures: 

 

Oil and Liquid 

Port 2008 oil products chemicals

Finland Kilpilahti/Sköldvik 16 917 764 615594,4

Hamina 335 011 1054872,8

Helsinki 156 318 439892

Kotka 51 156 636406,4

Inkoo 8 235 91294,4

Hanko 444 85922,4

Total Finland 17 468 928 2 923 982

Estonia Tallinn 20 454 000 0

Sillamäe 1 019 229 91 104

Vene-Balti 876 100 0

Miiduranna 205 800 0

Kunda 30 457 18 888

Bekker 0 0

Total Estonia 22 585 586 109 992

Russia Primorsk 75 581 900 0

St. Petersburg 14 674 800 1 800

Vysotsk 12 560 600 0

Vyborg 0 42 300

Total Russia 102 817 300 44 100

Total GoF 142 871 814 3 078 074
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Table 8 Oil and chemical shares by country  

 

When looking at the table, it is interesting to note that Finland dominates the GoF 

liquid chemical transportation with a share of 95 %. The volume of oil is 6 times bigger 

than the volume of chemicals transported. When it comes to Russia, the share of 

chemicals is very low: 1.43 % of all chemicals transported in the GoF but the share of oil 

is very large: 72 %. The volume of oil transported is 2331 times the volume of chemicals 

transported! This means that beyond Kotka, the probability that a randomly selected 

tanker is transporting chemicals is extremely low . Therefore, the focus of the chemical 

tanker risk analysis is on Finland and in the simulation, all tankers sailing east of  the 

shipping lanes to Kotka are assumed to be oil tankers. Thus the original ca. 11 000 

collision candidate scenarios are reduced to ca. 6000, which are plotted in figure 20  

using the same approach as with figure 18. 

 

Figure 20  Tanker collision candidates with Russian tanker traffic filtered away                    
M ap: © Merenkulkulaitos lupa nro 1321/721/200 8.  

The red lines in the figure represent the boundaries that are used to filter out tanker 

traffic to Russia from the rest of the tankers. For the rest of the tankers, the probability 

of a tanker being oil  or chemical tanker is estimated from the probability distribution 

by tanker DWT as described in the previous paragraph.  

Share of GoF Oil volume (%) Chemical volume (%) Chemical-to-oil-ratio

Finland 12,23 94,99 6

Estonia 15,81 3,57 205

Russia 71,96 1,43 2331
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4.1.2.3. Reliabilty  and validity  of chemical tanker estimation  

Neither AIS- data nor searches on-line in ship databases gives a totally reliable picture 

of which class a certain tanker belongs to, nor what it actually carried while sailing in 

the GoF. The biggest chemical tanker, the 101 970 DWT Elka Apollon classifi es itself in 

AIS -data as ñ81ò ï that is a tanker that carries ñCarrying DG [dangerous goods], HS 

[harmful substances], or MP [marine pollutants] IMO hazard or pollutant category Aò 

(IMO 2003:11). By this AIS ïclassification Elka Apollon is carrying the most type toxic 

type of chemicals and is not carrying oil or oil product (e.g. gasoline belongs to 

MARPOL- category C in the old format ). A check- up in different databases gives 

contradicting classifications: ñoil & chemical tankerò (Crocon 2011), ñtankerò 

(marinetraffic. com 2011) or ñoil product tankerò (Croatian Shipbuilding Corporation 

2011). Therefore there is great uncertainty, whether this ship should not be counted as 

a chemical tanker or not. A similar check of the +80  000 DWT chemical tanker s 

Sitamia, Amberjack, Theresa Atlantic, Sitamarie, Longfin and Leader classifications as 

chemical tankers cannot be verified -  where classified on-line, they are all just 

classified as ñchemical and product tankersò (ShipSpotting.com 2011). However, as the 

probability of these tankers carrying chemicals cannot be excluded, they are kept as 

such in the analysis but the uncertainty regarding this will be taken into account in the 

analysis.  

Another noteworthy thing is the low amount of chemicals transported to and from 

Russian harbors according to the statistics. This, however, might be explained by 

transit traffic  as Most Russian chemicals from the area around St. Petersburg and 

Karelia are transshipped through Finland . One of the reasons for this is that the harbor 

of St. Petersburg is not allowed to handle the most dangerous chemicals due to the 

roads and railroads running through the city itself. (Saavalainen 2003) 

4.1.2.4. Chemical tanker layouts  

A sampling of layouts of cargo tanks of different sizes of chemical tankers was done 

from on -line sources of the biggest tanker operators in the world. Graphical 

illustrations and complete lists of tanks of the tankers are presented in the relevant 

appendix. The results most relevant for this thesis regarding the layouts are 

summarized in the following table . 

 



 
 
 

 

51 

Table 9 Chemical tanker tank sizes  

 

The total tank sizes vary between ca. 5200- 53 000 m 3. In the case that an another ship 

would strike the chemical tanker  breach 2 adjacent tanks on one side, the maximum 

spilled amounts would be between 718 m3 and 5598 m3 in the case of total loss of 

chemical cargo loaded to 98 % of tank capacity.  The most noteworthy thing is that the 

number of tanks in chemical tankers of  different classes varies between 18 and 39 ï the 

most common being around 20 tanks per tanker. This is in contrast to the conclusion 

drawn by Montewka et al. (2010), where in general the amount of tanks on an oil 

tanker is 12 in a 6 x 2 layout.  

4.1.2.5. Reliabili ty and validity of chemical tanker layouts  

Sufficiently detailed tank lay -outs could only be obtained from 2 different sources, 

which means that the lay-outs of the tanker examples given above might deviate 

somehow from the ones actually sailing in the GoF. The lay-out of the alleged +80 000 

and +100 000 DWT chemical tankers is unknown, and the absence of any records of 

chemical tankers of this size at Odfjell and  Eitzen Chemical add to the uncertainty of 

these tankers actually being chemical tankers as discussed above.   

4.1.2.6. Transported chemicals in the GoF  

Again there is a problem of incomplete or old statistics when it comes to assessing 

where in the GoF what is transported and in which amounts: Individual ports are 

reluctant to share specific information a bout transported chemicals in the ports 

(Vähätalo 2011). Most ports consider them as commercial secrets as ports handling 

chemicals usually have relatively few chemical companies as customers (Hänninen & 

Rytkönen 2006). Thus only general information exists . For Finland, more specific 

statistics about chemical transports could be recovered from PortNet directly, which 

keeps statistics over import and exports by sea in Finland. However, the general 

Tanker Total tank Total of 2 biggest adjacent 

size size (m^3) at 98 % tanks on one side

5400 DWT 5 189,80 718

10 000 DWT 10 860 1504

20 000 DWT 21620 2904

30 000 DWT 35 563 2818

40 000 DWT 51 104 5150

46 000 DWT 53 313 5598



 
 
 

 

52 

statistics about chemicals are not divided into sub-classes of chemicals, meaning that 

an intensive data mining operation of PortNet data would have to be undertaken to get 

more specific information about what chemicals are transported where. The degree of 

completeness of the information in PortNet is however dependent on the ships and 

varies, therefore no reliable and well-covering information is likely to be recovered  

(Arkima 2011; Vähätalo 2011). Another way of gathering information about dangerous 

substances in general is through the SafetyNet or GOFREP ïsystems, where all 

dangerous cargo sailing in the GoF is reported. Unfortunately, the author does not have 

access to these systems at the time of writing this thesis . Therefore, only general 

statistics are available. 

The latest more detailed list of chemicals transported in Finland , or any other Gulf of 

Finland country , is from 1994. More recent data exists, but is not specific enough; see 

e.g. Häkkinen (2009) and Hänninen & Rytkönen (2006) .  As follows is a table of the 

chemicals and gases transported by sea to and from Finland in 1994. The table contains 

the MARPOL-category of the chemical, originally given in the old format A -D but 

changed to the newer X-Y-Z classification as recommended by feedback of the thesis 

given by Vähätalo (2011). This was done by looking up the new classification for the 

individual chemicals in IMO (20 07). To recap, category ñXò is most toxic and ñZò least 

with ñotherò meaning that the chemical is not considered toxic to marine life or 

humans. The PG means the physical property group (F = floater, S = sinker, D = 

dissolver, E = evaporator etc.). From the table, gasoline (Be 92, 99 & 95E) was 

removed, and double entries found in the table were added together. In the original 

table, some chemicals were called by a synonym that deviates from IMO defined 

product names. In these cases, the IMO product name was added in ñ[] ñ. In the case 

that a chemical could not be identified with absolute certainty, the chemical  is 

highlighted in yellow, followed by the assumed correct IMO product name in ñ[]ò.  
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Table 10 Chemicals transported through Finnish ports 1994 (Modified from SYKE 1995:4)  

     

The different substances have a great variety regarding their transportation volumes 

(from over 700  000 tons to 120 tons), MARPOL- classifications and physical 

properties. The volume of chemicals transported is 29 times the volume of gases 

transported, when pygas (pyrolysis gasoline) is correctly classified as a chemical instead 

of a gas. As a summary, of all the chemicals and gases transported, the following 

numbers were obtained by using the statistics from 1994 for calculations in Excel: 

Chemical MARPOL 

category

PG Volume 

(tons)

Share 

(%)

Methanol (methyl alcohol) Y DE 742 410 19,70

Sodium hydroxide solution Y SD 396 298 10,51

Pyrolysis gasoline Y FE 262 017 6,95

Orthoxylene [xylenes] Y FE 226 565 6,01

Ammonia aqueous Y FD 213 338 5,66

Phosphoric acid Z SD 183 351 4,86

Paraxylene [xylenes] Y FE 172 742 4,58

Styrene monomer Y FE 136 316 3,62

Ethanol [ethyl alcohol] Z D 114 645 3,04

Monoethylenglycol [ethylene glycol] Y SD 109 180 2,90

Benzene Y FE 108 168 2,87

Acetone Z FD 104 526 2,77

Phenol Y FD 94 446 2,51

Synthetic ethanol Z D 78 767 2,09

Styrene [-monomer] Y FE 75 000 1,99

Benzene/toluene/xylene mixtures  

[Benzene mixtures having 10% җ benzene] Y FE 57 171 1,52

N-Paraffin [n-Alkanes (C10+)] Y FE 48 794 1,29

Tall oil Y F 48 738 1,29

N-Butanol [n-Butyl alcohol] Z FD 46 454 1,23

Sulphuric acid Y SD 45 400 1,20

Isopropylbenzene (cumene) [all isomers]Y FE 44 816 1,19

Propylene trimer Y F 42 500 1,13

Fluosilicic acid [- (20-30%) in water solution}Y SD 34 284 0,91

Ethyl acetate Z F(D) (E) 29 672 0,79

C2/C9 fractions [nonene (all isomers)] Y FE 28 696 0,76

Coal tar X F(E) 27 500 0,73

Nitric acid Y SD 26 912 0,71

Magnesium sulphonate [long-chain alkaryl 

sulphonate (C11-C50)] Y S 24 848 0,66

Isobutanol [isobutyl alcohol] Z FD 22 005 0,58

Cyclohexanone Z F(D) (E) 14 772 0,39

Vinyl acetate Y F(E) 14 326 0,38

Tall oil fatty acid Y F 13 519 0,36

Alpha methyl styrene Y FE 12 245 0,32

Trichloroethylene Y S(E) 11 867 0,31

Aniline oil Y S 11 450 0,30

Butyl acetate Y FD(E) 11 324 0,30

Dichloromethane (methylene chloride) Y S(E) 9 985 0,26

Ethylene dichloride Y S(E) 8 645 0,23

Turpentine X FE 7 805 0,21

Nonyphenol ethoxylate [nonylphenol 

poly(4+)ethoxylate] Y D 6 592 0,17

Alkyl benzene [-distillation bottoms] Y FE 6 567 0,17

Toluene Y FE 6 480 0,17

Acetic acid X SD 6 470 0,17

Isopropyl alcohol (IPA) Z FD 6 170 0,16

Monoammonium phosphate [ammonium 

hydrogen phosphate solution] Z SD 5 672 0,15

Butyl acrylate Y FD(E) 5 624 0,15

Calcium ammonium nitrate [ammonium 

nitrate solution (93% or less)] Z SD 4 989 0,13

Monoammonium sulphate [ammonium 

sulphate solution] Z SD 4 898 0,13

Acetic anhydride Z SD 4 882 0,13

Methyl tert-butyl ether Z FE 4 372 0,12

White spirit Y FE 3 790 0,10

Monochlorbenzene [chlorobenzene] Y S(E) 3 441 0,09

Ethylene glycol monoethyl ether [Poly(2-

8)alkylene glycol monoalkyl(C1-C6) ether]Z SD 3 318 0,09

Cyclohexane Y FE 3 037 0,08

Hexan fraction C [hexane all isomers] Y FE 2 682 0,07

Ethyl glycol, ethylene glycol Y SD 2 446 0,06

Xylene[-s] Y FE 2 397 0,06

Sodiumborohydride (Borol) Y S 2 042 0,05

Potassium hydroxide solution Y DS 2 030 0,05

Chlorobenzene Y S(E) 1 903 0,05

Glycerine Z SD 1 739 0,05

Formic acid Y SD 1 700 0,05

Dioctylformamide [formamide] Y (F)D 1 611 0,04

Monopropylene glycol [propylene glycol] Z SD 1 587 0,04

Alpha-methylstyrene fr. Y FE 1 555 0,04

Ethyl glycol ether [ethylene glycol Y (F)D 1 276 0,03

Glyoxal 40 [Glyoxal solution (40 % or less)]Y SD 1 200 0,03

1,3-Pentadiene (piperylene) Y FE 1 017 0,03

1,1,1-Trichloromethane (methylchloroform)Y S(E) 979 0,03

Perchloroethylene Y S(E) 951 0,03

Hydrocarbon solvent (Solvent K) Other FE 876 0,02

Carbon tetra chloride B S(E) 780 0,02

C8/C10 fatty alcohols [octanol (all isomers)]Y FD 515 0,01

Ethanol ethyl acetate [ethyl acetate] Z F(D) (E) 504 0,01

Coal tar naphtha solvent Y FE 470 0,01

MPG Other SD 397 0,01

Methyl metacr. Monomer [methyl Y FE 300 0,01

Methyl ethyl ketone Z FD(E) 270 0,01

Ethyl hexyl acrylate monomer [2-Ethylhexyl 

acrylate] Y F(E) 120 0,00

TOTAL CHEMICALS: 3 769 146 100

GASES:

Butane 74 429

Propane 36 000

Gascondensate 20 816

TOTAL GASES: 131 245

TOTAL ALL GASES AND CHEMICALS: 3 900 391
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Figure 21  Probability of transported chemical belonging to different classes in %  

According to the old A-D classification, almost one third of the transported chemicals 

were non-pollutants (29.34 %), but the newer classification puts almost all of these in 

category Z. Only around 1 % of the chemical volume belongs to the most toxic class X, 

while the majority is in the ñmid-rangeò Y- class (82.05 %).    

From the table above, it is interesting to see that almost half (49.03 %) of all 

transported chemicals and gases are both toxic and have such physical properties, that 

they float at least for some time after being spilled into the sea (Floaters (F), Floater & 

Evaporators (FE) or Floater, Evaporator & Dissolvers (FED).  Note that even though a 

chemical is not toxic for humans or for the mari ne environment, and therefore has the 

ñotherò - MARPOL- classification, this does not equal that no action should be taken if 

the chemical is spilled.  

4.1.2.7. Transported chemical volumes in the future  

There is an increasing trend in chemical transports in the Baltic Sea: Hänninen & 

Rytkönen (2006) find a significant increase in transported chemicals and gases in the 

Baltic Sea in the time interval 1987 ï 2002. Between 1997- 2002, the chemical and gas 

transportation by sea in Finland alone had increased by 56 % and 11 % respectively. 

Kuronen et al. (2008) expect the total cargo volumes in the GoF to increase by 2015 

given all three considered economic scenarios (slow, average and strong).  Not only are 

the oil transports in the GoF expected to increase, the general transported cargo 

volume is also expected to increase.  

% Chemicals & gases

Pr(Pollutant) 99,97

Pr(F, FE or FED 

and pollutant ) 49,03

Pr(X) 1,11

Pr(Y) 82,05

Pr(Z) 16,78

Pr(Other) 0,03

Pr(Gas) 3,36
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Figure 22  Expected GoF traffic scenarios (Kuronen et  al. 2008:82)  

The three bell- curves represent the averaged predictions of future transportation 

volumes of several experts given the three different growth scenarios. Besides the 

general cargo volume, the transported oil volume is also expected to increase from the 

2007 level, illustrated as follows:  

 

Figure 23  Expected GoF oil traffic scenarios (Kuronen et al. 2008:82)  

As can be seen, the excepted difference between the ñslow growthò and the ñstrong 

growthò scenarios is much bigger when it comes to petroleum product transports as 

when it comes to all other cargoes. Although Kuronen et al. (2008) do not specify 
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chemical transportation;  they also do not give any reasons to expect a decrease in 

chemical transportation in the GoF. Also, according to Vähätalo (2011), liquid bulk 

chemical transportats through Finnish harbours were little affected by the economic 

crisis of 2008. Besides this, an increase in total maritime  traffic increases the risk of 

collision for tankers, even if the number of tankers remains steady (Goerlandt & Kujala 

2011). Therefore it is likely that the risk of chemical transportation will also increase in 

the future in the GoF, increasing the potential role of RVs.   

4.1.2.8. Reliability and validity of transported chemicals  

According to Häkkinen (2009) of all dangerous goods carried by sea, only 3 % were 

non-bulk ï that is packaged dangerous goods including substances such as explosives, 

genetically modified organisms, packed gases etc. For other substances than liquid bulk 

ï that is (packaged) dangerous goods - are given category  labels 1-9, where class 1 is 

explosives, toxic goods 6, radioactive materials 7 etc.  0-9)  (Häkkinen 2009). However, 

this ranki ng is not directly comparable with the MARPOL -categories, as the level of 

toxicity is not specified for the dangerous goods. 

Therefore any chemicals transported as dangerous goods are excluded from this study.  

For Finland, it should be noted that approxim ately 20 % of chemicals transported 

through Finnish ports were non -liquid (Särkijärvi 2011).  Also the fact that the last 

comprehensive list of chemicals transported in Finland is 17 years old increases 

uncertainty and thus decreases reliability. The original table of transported chemicals 

in 1994 contains errors: e.g. pyrolysis gasoline appears as both a gas and a liquid in the 

tables, there are several double-entries where a synonymous name for the chemical has 

resulted in two separate table rows. Also several spelling errors were found in the 

original table. The biggest problem, however, associated with the original table is the 

fact that the names given for several chemicals do not precisely match the IMO product 

names. The IMO product names are the ones to be used in the shipping document for 

any cargo (IMO 2007). Some chemicals names were too generic, faulty or imprecise so 

that even by doing online searches the exact chemical could not be determined.  Thus, 

the reliability of the available ch emical statistics is questionable.  
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4.1.3. Results of the Risk Analysis  

As no comparable data was available to make a geographical distinction of what 

chemicals were transported in the different places in the GoF, for the purposes of the 

risk map of GoF, only the total volume of spilled chemicals is used to indicate the risk 

as the relative results do not change. In figure 24, the risk caused by chemical tanker 

collisions in each 5 x 5 km square of the Gulf of Finland is given. Due to the very low 

number of chemical tankers sailing to and from Russia, all tankers east of the point 

where the shipping lane to Kotka separates from the main GoF east-west shipping lane 

are considered to be oil and oil product tankers. Thus their chemical spill risk is 0  and 

are filter ed out.  

The expected yearly spilled chemical volume due to collisions per ij:th 5 x 5 km square 

in the GoF is calculated by summing the expected chemical spills in the different 

simulated potential collision scenarios in the cell toget her using the following formula:  

%ÃÈÅÍÉÃÁÌ ÓÐÉÌÌ ÖÏÌÕÍÅ2   . 0z 0zÒÔÁÎËÅÒ ÉÓ ÃÈÅÍÉÃÁÌ

 

 z 

0Ò#ÏÌÌÉÓÉÏÎ ÌÅÁÄÓ ÔÏ ÓÐÉÌÌ%zÓÐÉÌÌ ÓÉÚÅ ÇÉÖÅÎ ÔÈÅ ÔÁÎËÅÒ $74 

where the expected spill sizes per different tanker DWT classes are obtained from the 

model by Montewka et al. (2010).  The risk defined in this way differs slightly from the 

formula given in the theoretical part due to the fact that chemical tankers could not be 

deterministically separated from the oil tankers. Also no complete and up -to-date 

information regar ding which chemicals were carried in which lanes could be obtained, 

thus the differences in chemical hazard levels is not taken into account in the definition 

of risk for each square. Using another MATLAB - script, the expected spill sizes per 

square were thus calculated, and the results plotted using the pcolor- command.  
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Figure 24  Expected chemical spill in tons per 5 x 5 km square per year in the GoF               
Map: © Merenkulkulaitos lupa nro 1321/721/200 8.  

The most risk-prone location is the approach to Sköldvik oil and chemical harbor in 

Porvoo, with an expected 2.1719 tons of spilled chemicals per year. Other risk-prone 

locations are the shipping lane to Kotka and Hamina ( most risky square: 0.7509 tons 

per year) and where the shipping lane from Helsinki t o Tallin crosses the main east-

west bound shipping lane (1.143 tons per year). The following figure represents the 

same information , but in three dimensions, where the z-axis (height) represents the 

expected spilled tons of chemicals per year per the 5 x 5 km square, plotted using 

MATLABôs surf-command . The taller the ñspikeò, the more chemicals are expected to 

be spilled in the area. The view is as from a plane flying south of St Petersburg, looking 

down at the GoF. The flat, white, gridded surface represents area with no chemical spill 

risk.  
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Figure 25  Expected chemical spills in tons per year in the GoF  

The figures clearly illustrate, that the risk for chemical spills due to collisions is very 

much concentrated on a few locations as mentioned above. The biggest ñspikeò in the 

figure 25 is on the shipping lane to Sköldvik and the next biggest spike further left of it 

represents the area, where ships sailing between Tallin and Helsinki cross the GoF east-

west bound shipping lane.  In the main east-west bound lane itself the risk caused by 

chemical tankers is relatively low for each 5 x 5 km square except for the crossing 

mentioned above.  

4.1.3.1. Reliability and validity of the Risk Analysis 

The reliability  of the results depends on several factors, which all are subject to 

uncertainty. These factors are described below: 

- The collision frequencies obtained from the model used by Goerlandt & Kujala 

(2010) are subject to uncertainty. Especially due to the fact that they depend on 

the causation factors, which are to some extent location-specific.  Causation 

factors specific for the GoF have been presented by Montewka et al. (2010), but 

these cannot be used as the potential collision scenarios are defined differently. 

Thus general causation factors from international studies are used.  

- The collision frequency model does not take things such as the weather or the 

effect of ice into account. Only the reduced visibility at night is taken into 

account by a change in the causation factor.   
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- The model by Montewka et al. (2010) that is used to calculate the spilled 

chemicals, assumes a 6x 2 = 12 tanks in total lay-out which is not the case for 

chemicals: they have more tanks in general, meaning that the spilled amounts 

are smaller. Also in all collision scenarios a load of 98 % to maximum is 

assumed, which over-estimates the amount of chemicals spilled as all ships do 

not sail fully laden all the time.  

- Chemicals transported in the GoF have a wide variety of physical properties 

with different densities and viscosities. This means that the amount of spilled 

chemicals might be different than oils given a similar collision damage scenario. 

The model by Montewka et al. (2010) calculates spills for oils and therefore 

applying it for chemicals implies a level of uncertainty.   

-  Structural rigidity might be better for chemical tan kers due to more 

compartments which means that chemical tankers on average may take less 

damage in collisions than oil tankers.  

- In the collision, the striking ship is assumed to not sustain damage that leads to 

a spill. This might sound unrealistic but according to van de Wiel & van Dorp 

(2009) that is not the case.  

- The chemical statistics are old, cover only Finland and do not cover non-liquid 

chemicals.  

- No geographical distinction of where what chemicals are transported could be 

obtained due to lack of comparable and comprehensive statistics. Therefore the 

lane-specific risk of different chemicals could not be modeled.  

- The distinction of chemical and oil tankers is not necessarily reliable. 

- Only collisions taken as accidents. This means that e.g. groundings are not 

modeled. Modeling groundings would mean that the risk in shipping lanes near 

the coast would be bigger, especially around Sköldvik, Helsinki and Kotka, and 

the total expected amount of spilled chemicals in the GoF greater.  

This means that the chemical spills per square are subject to uncertainty, and the 

consequences of collisions are likely to be over-estimated. Also the risk in square near 

the coastline is underestimated compared to the real risk as groundings are not 

modeled. This means that the results of the risk analysis should be taken as guidelines 
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only. As the risk has now been modeled, the following step is to look at what can be 

done to mitigate it.  

4.2.  Step 3: Risk Control Options  

Several Risk Control Options have already been implemented that reduce the risk of 

chemical transports both worldwide as well as in the GoF part icularly. These measures 

are not only physical and technical but also legislative or related to e.g. crew training.  

The RCOs are either directly aimed at reducing chemical transport related risk or 

aimed at reducing maritime transport risk in general. This thesis focuses on recovery 

vessels as RCOs but in order to set things into perspective, some other important RCOs 

are listed as follows.  

4.2.1. General maritime RCOs 

The following RCOs affect general maritime traffic and thus also chemical tankers.  

- The Vessel  Traffic Service ( VTS )  is a service system that i.e. maintains a 

real-time traffic situation by radar and AIS ïdata. The VTS centres inform and 

give recommendations to ships regarding navigational circumstances 

(Merenkulku.fi 2011a).  

- The Gulf of Finland Traffic Separation Scheme (TSS)  is a traffic 

scheme, where the east-west bound traffic is separated into 2 lanes with a no-go 

zone in between to reduce especially head-on collisions. The west-bound traffic 

sails in the ñupperò northern part of the TSS area and the eastern bound in the 

lower as can be seen in figure 26.  
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Figure 26   Gulf of Finland Traffic Separation Scheme (Rytkönen et al. 2002:82)  

- GOFREP  is mandatory reporting systems that obliges vessels sailing in the in 

the Gulf of Finland to report i.e. what dangerous goods they are carrying 

(Merenkulku.fi 2011b).  

- Radars, GPS, accurate nautical maps, pilot services and other technical 

and navigational aids that i.e. help ships to detect other ships and avoid 

groundings.    

- International Maritime Organization (I MO) . The rules and legislation 

given by this UN-organization are aimed at improving maritime safety and 

reducing maritime pollution .  The IMO - rules include i.e. the following:  

- International Convention for the Prevention of Pollution From Ships 

(MARPOL) which e.g. requires all tankers constructed after 1993 of 5000 

DWT and above to be double-hulled (IMO 2002c).   

- The International Convention for the Safety of Life at Sea (SOLAS) 

that includes e.g. fire safety provisions, regulations regarding navigation and 

requirements for life boats that was developed as a response to the HMS Titanic 

sinking (IMO 1974).  

4.2.2. RCOs regarding chemicals 

The following RCOs affect tankers and/or ships carrying chemicals in particular .   
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- The MARPOL Annex II  is concerned with preventing different forms of 

marine pollution from ships. It also includes c ategorizations of chemical hazard 

levels and regulations regarding what chemicals are allowed to be let out of 

ships at sea (IMO 2002c).   

- The HELCOM  recommendations  regarding measures to reduce pollution 

of the Baltic Sea, including recommendations regarding recovery vessel 

capacity, international co -operation in spill cases etc. (HELCOM 2011).  

Besides these RCOs, there are already several recovery vessels (RVs) in the GoF. These 

RVs are primarily aimed at recovering spilled oil but  at least some chemical collection 

capacity, and are described more in detail in the following paragraph.  

4.2.3. Current  recovery vessels in the GoF  

The current recovery vessels (RVs) in the GoF focus mainly on recovering oil. Estonia 

has 2 smaller RVs and Russia 1 RV, however, the Russian RV is neither modern nor 

open-seagoing. Finland has the most: a total of 15 oil recovery vessels, owned by the 

Finnish government and operated by the Finnish N avy (2 vessels), the Finnish Boarder 

Guard (3 vessels), Meritaito (9 vessels) and the Government of Åland (1 vessel).  The 

tank sizes, lengths, sweep areas and maximum recovery results of the Finnish RVs are 

illustrated as follows . (Hietala & Lampela 2007)  

 

Figure 27   Finnish oil recovery vessels (Hietala & Lampela 2007:10)  
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Sweep area is defined as the size of the oil slick (1 mm thick) that the RV can sweep 

clean with brushes in 12 hours at a speed of 1 knot. The maximum 24 h recovery result 

is estimated based on the RVs tank size, speed, and the tank unloading speed.  

Of the Finnish RVs, 7 are stationed in the GoF: Hylje in Upinniemi and Merikarhu,  

Letto, Oili 1 and Seili in Helsinki , Oili III in Kotka and Sektori in Tallin . Besides these, 

in Turku the following vessels are stationed:, Oili II, Halli, Uisko & Tursas. The rest are 

stationed far from the GoF, as can be seen in figure 28 : 

 

Figure 28   Finnish RV locations (SYKE 2011)  

In figure  28, the 6 h response time to accident radius can be seen. For Finland, SYKE 

coordinates the responses to oil - and chemical spills. Russian, Estonian and Finnish 

RVs can assist each other in the respective countriesô territorial waters in the case of a 

major spill in the GoF . However, currently this involves more Finland assisting the 

other countries than the other way around: The Estonian RVs Kati & EVA 316 have only 

a total tank capacity of only 300 m 3 and Russia has no open-sea going RVs. Of the RVs 

in the GoF, the Finnish Merikarhu, Uisko and Tursas have chemical spill response 

capability as they are equipped with equipment such as booms, brush systems and 

tanks for recovering oil, pressurized crew compartments, firefighting and towing 

equipment as well as remotely operated underwater robots and divers for underwater 
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operations. (The Finnish Boarder Guard 2011a; 2011b; 2011c; Pajala 2011a; Hietala & 

Lampela 2007; Majandus- ja kommunikatsiooniministeerium 2005)   

When it comes to the capabilities of the individual vessels, the true capacity for 

recovering chemicals is unknown for the Boarder Guard vessels, as the recovery tanks 

are not designed for chemicals, only oil (Pajala 2011a). Of the Navy vessels, either Halli 

or Hylje is constantly on a 4-hour stand-by. As of May 2011, the new RV Louhi will also 

participate in the environmenta l response duties of the navy. The fastest response time 

in the GoF is provided by the RVs of the Finnish Boarder Guard as the vessels are 

almost constantly on the seas performing Boarder Guard tasks (SYKE 2011; Hietala 

2011).   

4.2.4. Goals for oil recovery capacity  

A goal for the oil recovery capacity set by HELCOM recommendations. For the GoF is 

based on a scenario, where 2 compartments of the biggest type of oil tanker sailing in 

the GoF are breached, leading to a 30 000 ton oil spill , estimated to happen on average 

every 50 years. The biggest currently sailing tankers that are taken into account are of 

150 000 DWT . Even a smaller spill of 5000 tons or more of oil could be considered to 

be a catastrophic major accident.  (SYKE 2010; HELCOM 2010; Hietala & Lampe la 

2007)   

According to Kalervo Jolma from  SYKE, additional vessels with a tank size of +1000 m3 

are needed for meeting this goal. Of such vessels, 5 vessels in Finland, 2 in Estonia and 

2 in Russia will be needed in order to combat this 30,000 ton oil spill in 72 hours (10 

days by winter) by 2015 (YLE TV1 2011; Hietala & Lampela 2007).  HELCOM 

recommends that all potential accident sites in the GoF should  be reachable in 6 hours. 

With a stand-by readiness of 2 hours, this means that all potential accident sites should 

be within 4 hours of sailing from a RV stand -by site. (HELCOM 2010; Hietala & 

Lampela 2007)  

4.2.5. Goals for chemical recovery capacity  

SYKE acknowledges that Finland has insufficient chemical recovery capacity, but has 

no similar  goal for chemical recovery capacity as for oil (Pajala 2011a; HELCOM 2010; 

Hietala & Lampela 2007) .The HELCOM recommendations do not give the same goals 

for chemical recovery capacity, they only give a list of safety and protective equipment 
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that RVs dealing with hazardous materials should have. The reason for the lack of this 

recommendation is that  

ñSpreading, dispersion and dissolution of liquid chemicals in almost all 

cases runs much faster; the tracing of this process is often very difficult as 

many of the floating substances are colourless and odourless with a very 

low viscosityò (HELCOM 2010) 

This view is shared by Dannevik (2011)1. HELCOM, does not, however, cite any studies 

nor give any data to back up their claim, which is in contrast to the findings of RESPIL 

(2007), that states that several intervention techniques exists for recovering floating 

chemicals at sea. Also Putro (2011) and Pajala (2011a) assess that floating chemicals 

could be recovered using equipment on -board Louhi . The Bonn Agreement (2007) lists 

i.e. skimmers and sweeping systems as responses mechanisms for collecting floating 

chemicals, but again, without corroborating data . Also the lack of recovery capacity 

goals for chemicals by HELCOM seems to understate the results of this study as almost 

50 % of all transported toxic chemicals had such physical properties, that they float at 

least for some time after being spilled into the sea. Also more chemical tankers visit the 

GoF than oil tankers: 1187 oil tankers versus 1748 chemical tankers in 2007. Therefore 

the question is, has HELCOM and Dannevik understated the potential risk of chemicals 

and their recoverability with RVs due to e.g. lack of data and/or too much attention on 

oil instead of chemicals? This question cannot be definitely answered before a more 

detailed study is carried out regarding the evaporation/disso lving/drifting/sinking 

speed of the most transported chemicals, their recoverability using brushes,  and the list 

of most common chemicals is updated. Using the same logic for chemicals as for oils, 

the response time to a chemical accident should be maximum 6 h and a spill caused by 

breaching 2 compartments of the biggest size of chemical tankers operating in the GoF 

should be recoverable in 72 hours, which will be discussed more in detail later on.  

Regarding the geographical coverage there is a shortcoming: Hamina and Kotka are 

some of the busiest chemical harbors in the GoF and the shipping lane leading to these 

harbors was identified as one of the 4 collision riskiest places in the GoF. However, the 

lane is outside the 6 h response radius of any current chemical recovery vessel. Besides 

this, problem with the current recovery vessels is that even though Merikarhu, Uisko 

and Tursas all have some chemical recovery capacity, it is not known what chemicals 

                                                        
1 òm¬nga kemikalier lºsas upp snabbt [i havet, KBV 003] ªr mera avsett för att pumpa kemikalier från 

fartyg till KBV, inte samla kemikalier fr¬n havet s¬ som oljaò. 
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their tanks can tolerate. There is an on-going project to assess this with results expected 

in a year  (Pajala 2011a).  The upside is that these ships are almost constantly out at sea 

performing patrol - or other tasks, meaning that their response time is very fast (Jolma 

2010; Hietala  & Lampela 2007). 

4.2.6. Future recovery vessels in the Gulf of Finland  

Due to the increasing oil traffic in the GoF and not meeting the HELCOM 

recommendations for oil recovery vessel capacity, Finland, Estonia and Russia are all 

either in the process of buying or considering buying new oil recovery vessels (Jolma 

2010). Another factor that makes considering future RVs is th at most Finnish RVs are 

built in the ó80s and are soon in need of major overhauls or replacement (Hietala & 

Lampela 2007). In the following paragraphs future GoF RVs are described.  

4.2.6.1. Louhi  

In 2011, the Finnish Navy will receive a multi -purpose recovery vessel Louhi for oil - 

and chemical recovery duties. This is the first such vessel in the GoF. 

 

Figure 29  Multi -purpose recovery vessel Louhi (Lastumäki 2011)  
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 The ship has a total of 4 tanks for oils with a total size of 1224 m3 for oils and a 200 m 3 

acid-resistant metal tank for chemicals. The length of the vessel is 71.4 m, width 14.5 m 

and draft 5.0 m.  The speed is 15 knots in open water and 7.5 knots in 0.5 m ice. It has 2 

40 m3/min water cannons and is capable of towing disabled ships up to 100 000 DWT. 

The vessel has explosive- and toxic gas sensors on the outside and the crew 

compartments are protected against outside gases and a possible over-pressured 

caused by an explosion nearby. (Pajala 2011a; Pajala 2011b) 

 

Figure 30   Louhi o il recovery equipment for open water use (Jolma 2011:12)  

The recovery system utilizes different types of brushes and sweepers for recovering 

spilled substances in a sweep width up to 42 m wide. Also Louhi is effective even in 

extreme weather conditions: It can maintain a steady speed in at least 0.5 m thick ice 

and operate in up to 2 m high swells, thanks to a wave-motion suppressing recovery 

tank. Previous Finnish RVs could only operate in a swell up to 1 m high. 

(Uudenkaupungin Sanomat 2011; Helsingin Sanomat 2011) 
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Figure 31  Louhi si de and boom brushes (Helsingin Sanomat 2011 ; Uudenkaupungin 
Sanomat 2011 ) 

The cost of the vessel is 48 million euros, paid by the Finnish environmental ministry. 

The vessel serves several purposes: When it is not on stand-by for spill response 

missions, it is used in other roles such as laying submarine cables, transportation and 

navy duties.   At all times either Louhi, Hylje or Halli will be on constant 4 h pollution 

response stand-by while the other ships are on +12 h stand-by in case of an 

environmental accident. (SYKE 2011; Pajala 2011a; 2011b) 

4.2.6.2. New Finnish Boarder Guard patrol vessel s 

The Finnish Boarder Guard has been granted a order authorization for a 57 million 

euro patrol vessel with environmental response capacity that will be ready for service in 

2012 or 2013 (Pajala 2011a; Jolma 2010). Plans for procuring an additional such vessel 

by 2015 has been discussed (Jolma 2010).  The Boarder Guard has currently no further 

details regarding the vesselsô chemical recovery capacities or costs except that the tank 

sizes and collection capability of at least the first one will be similar to Louhi (Holm 

2011). The placement of the vessels has not been decided yet, but will be somewhere in 

the capital region with Sköldvik as one strong candidate. Both ships will be based in the 

same base due maintenance reasons (Lundell 2011).  
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4.2.6.3. Estonian multi -purpose recovery vessel  

Estonia gets a new Tursas- class recovery vessel in 2012, built by Uudenkaupungin 

työvene. The price of the vessel is 33 m ú, speed is 15 knots and the recovery capacity 

will be 200 m 3 oil in one hour  (Eesti päevaleht 2010). However, the vessel does not 

have chemical recovery capacity as Louhi does: It has neither a pressurized interior nor 

chemical resistant tanks (Putro 2011).   

 

Figure 32  Estonian Tursas - class recovery vessel (SYKE 2011:3)  

4.2.6.4. Estonian multi -purpose ice breaker  

Estonia had also plans of procuring a multi -purpose ice breaker for a total cost of 

approx. 130 million ú but the financial crisis put this plan on hiatus (Hovilainen 2011).  

This vessel does not have chemical recovery capacity, and building a pressurized crew 

compartment would cost ña couple of millions2ò according to Hovilainen (2011) . The 

technical details available at this stage are: length 108 meters, breadth 28 meters and 

ice breaking ability up to 1.2 m thick level ice.  

                                                        
2 òse maksaisi pari miljoonaaò 
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Figure 33  Proposed Estonian multi -purpose ice breaker (Aker Arctic 2008:2)  

4.2.6.5. Russian new RV Karev  

Russia will get its first modern recovery vessel «ȷɕɆɗɆɘɋɑɢ ȰɆɖɋɈ» (Savior Karev) for 

operations in the GoF in the summer of 2011.  

 

Figure 34  Rescue ship Karev (Morskoe Indzenernoe Bjuro 2010)  

Karev is a multi -function rescue vessel of project MPSV07 with a high ice class and two 

azipod- propellers with total capacity of 4 MW and the two nasal thrusters for 

maneuverability. It has the following characteristics: Length  73.0 m,  

breadth 16.60 m, a working draft of 4,0 -5,1 m and goes 15 knots at full speed. It is 
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designed for ship assistance and emergency duties in the areas of navigation, fisheries, 

offshore oil and gas fields and is capable of i.a. medical evacuation, fire extinguishing, 

refloating stranded and grounded vessels by pumping water from the vessels as well as 

towing crippled ships  with a pulling force of 70 tons . It also has divers for operations at 

depths up to 60 meters, as well as being able to take on-board a remotely operated 

submersible for deep-sea diving. (Tavrida Shipping 2010) 

For recovering spilled oil, Karev has on-board oil gathering system, two brush-type 

skimmers and  two sets of boom length of 250 m each and can launch 2 boats for laying 

out booms (Morskoe Indzenernoe Bjuro 2010).  According to the shipyard that builds 

Karev, Nevsky SSY, the vessel does not have chemical recovery capacity. It has a total of 

6 tanks for collecting oil with a total volume of 668 m 3 (2 x 104 m3, 2 x 140 m3 , 1 x 87 

m3 and 1 x 93 m3). The cost for equipping the RV for chemical response is not possible 

without proper design documents.  (Galkin 2011) 

4.2.6.6. Russian project MPSV06 RV 

A more powerful Russian multi -function RV with an engine power of 7.2 MW and ice 

breaking capability of up to 1.5 m of level ice is planned for service in the GoF in 2015.  

  

Figure 35  ȰȲ Icebreaker 6 2 AUT1-ICS OMBO FF2WS DYNPOS -2 EPP Salvage ship 
(Morskoy flot 2009:1).  
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It is longer (86 m), wider (19.1 m)  and has a deeper draft (6 m) with a stronger pulling 

force for towing (95 tons)  but with similar tasks and top speed (15 knots).  For oil 

recovery, it has equipment similar to Karev: an on -board oil gathering system, two 

brush-type skimmers and two sets of boom length of 250 m each with 2 smaller on -

board boats for laying out booms. (Morskoy flot 2009)  

4.2.7. Swedish KBV 003 AMFITRITE  

Although the Swedish Coast Guard KBV 003 is stationed far from the GoF in southern 

Sweden, it is important to mention here due to the fact that it has 2 sister  ships that are, 

unlike KBV 003, not equipped to deal with chemicals. The vessel measures 81.2 m in 

length, 16.2 m across the beam and has a draft of 5- 6.5 m, and is capable of sailing at a 

top speed of 16 knots.  

 

 

Figure 36   Swedish Coast Guard KBV 003 AMFITRITE  (Kystbevakningen 2011)  

The KBV 001-003 use brushes, skimmers and dippers to recover spilled oil from sea 

and are equipped with among other things foam- and water cannons as well as with on-

board rescue boats for rescue and firefighting operations.  The built -in oil recovery 

system can achieve a top collection rate of 400 m3 / hour of oil when recovering oil with 

a viscosity of 10 000 centistokes. The tank capacity for oils is 1 100 m3, but KBV 003 

deviates from the sister ships by also having a 160 m3 chemical resistant tank, sensors 
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for gas detection and analysis and a carbon-filter system for filtering the air to the 

shipôs interior as well as the air to the engines. Besides this, KBV 003 can take on two 

20 foot containers containing hazardous materi als from a ship in emergency.  

(Kystbevakningen 2011)  

This chemical capability means that KBV 003 was significantly more expensive to build 

than its sister ships (Dannevik 2011), which is discussed more in detail in the fourth 

step of FSA later on.  

4.2.7.1. Summary of  future  RVs 

Recovery vessels in the GoF can use brushes and boom-skimmers to recover spilled 

floating substances, lay out booms to limit the spread of the substances as well as 

pumping substances from tankers straight to the RVs own tanks. Besides this, vessels 

such as Merikarhu are capable of towing disabled tankers of maximum 30 000 DWT 

and Louhi tankers up to 100 000 DWT in good conditions (Pajala 2011a, SYKE 1995).   

The main difference between just oil RVs and chemical RVs is that chemical RVs 

protect their crew compartments against gases and carry detectors for detecting 

different gases as well as preferably having metal tanks that are resistant to corrosive 

and acid chemicals. A more comprehensive and detailed list for the needed properties 

for an RV to receive an official chemical recovery certification can be obtained e.g. 

through Germanischer Lloyd.   In the case of the GoF, Finland is getting 1-3 vessels 

capable of chemical spill recovery: Louhi and 2 Boarder Guard vessels with similar 

environmental response capabilities as Louhi. Estonia is getting at least 1, but 0 with 

chemical recovery capacity and Russia is getting 2 modern RVs but none of them seem 

to have special equipment for recovering chemicals. Therefore, the chemical recovery in 

the near future is dependent on the Finnish RVs only, whose impact on the mitigation 

of the risk caused by chemical tanker collisions is discussed later on.  

4.2.7.2. Reliability  and validity of RV data  and HELCOM recommendations  

The information regarding RVs in the GoF was collected from the sources that were 

deemed to be most reliable and valid: The authorities responsible for environmental 

response (SYKE, Finnish Boarder Guard), their press releases, shipbuilders responsible 

for the vessel building (Uudenkaupungin työvene, Aker Arctic and Nevsky SSY).  



 
 
 

 

75 

Sometimes the information given verbally was found to be slightly inconsistent with the 

information available from written sources. As the information is of very detailed 

technical nature, written materials were deemed to be more trustworthy than oral ones, 

and therefore in case of slight inconsistencies, written sources were trusted. 

Unfortunately, even the authorities responsible for environmental response have a 

clear picture of what their RVs are capable of when it comes to chemical response at 

this point and further studies are needed. 

Regarding the recommendations for recovery capacity aim set by HELCOM are only 

based on a ñworst-caseò scenario for collisions, not groundings even though they are 

more frequent i n the GoF. It is also more difficult and more expensive to recover spilled 

substances once they reach shore (SYKE 2010), which obviously on average happens 

faster in case of a grounding than a collision. On the other hand, a spill in the 

archipelago due to grounding may be more contained and cause less total 

environmental damage than one happening at sea. When it comes to the consequences 

of collisions and groundings, Montewka et al. (2010) estimate that the average expected 

spills from grou ndings are signif icantly smaller than for collisions  for all tanker sizes, as 

can be seen from the following figure, which illustrates the average spill sizes as a 

function of the tanker DWT for collisions and groundings .   

 

Figure 37   Expected oil spill sizes for different tanker DTWs (Montewka et al. 2010:1009)  

Besides the lack of other attention on other accidents than collisions, the HELCOM 

recommendations have an uncertainty regarding  the spilled volumes: The HELCOM 
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recommendations assume a 150 000 DWT tanker  with  2 breached compartments 

resulting in a 30  000 ton spill. This must mean that the tanker layout is assumed to be 

2 x 5 tanks and that all oil in the 2 compartments is spilled. However, not all materials 

are necessarily spilled (Tavakoli, Amdahl & Leira 2010). Montewka et al. (2010) state 

that the usual oil tanker in the GoF has more tanks in a 6 x 2 (= 12) layout. Therefore, 

the HELCOM recommendations are also subject to uncertainty.  

4.3.  Step 4: Cost -Benefit Analysis  

In this paragraph the costs of having an RV equipped to also recover chemicals are 

assessed, along with the benefits of additional RVs, starting with the costs.  

4.3.1. Assessing the Costs                    

The costs for Finnish RVs are divided: All Finnish RVs are multi -purpose vessels, used 

for tasks such as border patrolling, military  missions or fairway maintenance. The 

operating authorities (Finnish Navy, Boarder Guard and Meritaito) pay for operational 

costs while SYKE pays these organizations a compensation for keeping the vessels on 

environmental response stand-by. For vessels such as Hylje & Louhi the yearly upkeep 

costs are around 500 000 ú  (Hietala & Lampela 2007:30) the upkeep costs of the other 

Finnish RVs  are in the aforementioned report. When it comes to costs caused by a 

chemical or oil spill from a ship, t he basic principle is that the one that causes a spill 

pays for the costs caused by the spill (Kujala 2011a; SYKE 2010).  

 As the vessels are primarily for oil combating purposes and other duties, it would not 

be fair to attribute their operating - and stand-by costs to chemical recovery capacity. 

Nor the realized recovery-related costs should be attributed as the shipping company 

that caused the spill has to pay. Therefore, the only real cost that is fair to be considered 

chemical-related is the extra cost for building and maintaining chemical recovery 

capacity: Namely the pressurized crew compartment, the chemical collection tank and 

other chemical-related equipment.   

Putro (2011) could not point out how much a chemical response capability costs for 

Louhi or for RVs in general as he meant each ship is too individual and too complex so 

that manageable calculations are not possible. However, he pointed out that instead of 

a fully pressurized ship interior, the crew could don chemical suits at a cost of 3000 ï 

5000 ú each. However, this suffers from the problem that you get the poisonous gas all 
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over the ship in the process. Also this operation is very limited as one can imagine how 

difficult or impossible drinking and eating becomes if  the crew compartment gets filled 

with toxic gases. Pajala (2011a) estimated that for Louhi, the cost of equipping for 

chemical response ñis somewhere around 5 %, but this is just a very rough estimateò3  of 

the total cost of 43 million ú. 

 Extra cost for pressurized crew compartment that allows for limited time operations in 

chemical clouds was estimated to ñcost a couple of millionsò4 according to Hovilainen 

(2011) for the planned Estonian multi -purpose ice breaker, depending on how it is 

done. The total cost for the vessel without the chemical capability is  approx. 130 million 

ú, thus a couple of millions would equal something of a 1,5 % increase in price. This 

price does not include the extra cost for metallic tanks and that can resist corrosive 

chemicals, which cost around 4 times more than conventional tanks designed for 

storing oil (Putro 2011).  According to Lundell (2011), Finnish Coast Guard has no 

specifics on the extra costs caused by the chemical capacity of their future vessels.  

The only reliable reference point is the Swedish Boarder Guard chemical RV KBV 003, 

which is otherwise identical to its sister ships KBV 001 and KBV 002 except that KBV 

003  has chemical recovery capacity while KBV 001 and KBV 002 only have oil recovery 

capacity. The KBV 001 and KBV 002 cost 307 million Swedish kronor in 2005, and the 

KBV 003 120 million Swedish kronor more in 2007, which means a total of 427 million 

Swedish kronor or 48 million euros at that time (Dannevik 2011). This means that KBV 

003 was 39 % more expensive than its sister ships. Note that KBV 003 has only one 

chemical resistant tank of 160 m3 while the tanks for oils total 1100 m3 

(Kystbevakningen 2011). The cost of making all tanks chemical resistant could not be 

specified by Dannevik (2011) but he pointed out that only one tank was made chemical 

resistant for economic reasons.   However, KBV 003 does not only filter the air for the 

crew compartment of the ship but also the air for the shipsô engines as well, enabling it 

to operate at 50 % power level up to 24 hours in gas clouds that otherwise might pose 

an explosive hazard for the engines (Dannevik 2011).  

Hovilainen (2011) points out that such a solution is very expensive due to the very high 

air demand of the engines. Operations in explosive gas clouds could be made 

reasonably possible and much cheaper by using a snorkel for the engine air intake 

instead of a coal-filter system (Hovilainen 2011) , meaning that the extra cost could be 

                                                        
3 òolisko sellaiset viisi prosenttia, mutta tªmª on pelkkª lonkalta heitto.ò 
4 òmaksaisi sellaiset pari miljoonaaò 
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lower than the 39 %.  The assumption for the snorkel ïsystem is that the snorkel can be 

raised high enough that the concentration of gases that can harm the engines is 

sufficiently low to ensure safe operations. Summarizing this, giving an RV chemical 

recovery capability increases the costs by somewhere between 1.5 -40 % depending on 

how it is done.  

On the other hand, from a traditional Cost -Benefit Analysis point of view, there is no 

point in increasing or maintaining any chemical recovery capacity in the GoF as the 

basic principle is that who polluted pays the costs. If a spill happens and equipment can 

be leased from other countries, individual countries have no need to pay for 

maintaining a standing RV -fleet as the spill responsible simply gets to pay for the 

leasing etc. costs.  However, it is cheaper to recover spilled substances from the open 

sea than from shores: SYKE (2010) estimates that it is 10 times more expensive to 

combat oil once it has reached the shore. Even if the same can be assumed for 

chemicals, this doesnôt matter for the purpose of maintaining an RV fleet that can 

recover spilled substances before they reach shore as the polluter is obliged to pay, 

regardless of the costs.  On the other hand, this logic sounds unethical and 

irresponsible from an environment al point of view as faster response means less i.a. 

ecological damage.  

For these reasons, another measure level is useful when determining the response level 

and capabilities of RV fleets.  Therefore, for chemicals, the HELCOM recommendations 

are adapted for use. This means that all areas of (at least) Finnish GoF should be 

reached within 6 hours of accident and that the RV fleet should be able to collect an 

amount of chemicals that equals 2 full cargo compartments of the biggest type of 

chemical tanker sailing in the GoF in 72 hours.  

4.3.2. Assessing the Benefits               

Having more vessels that can recover chemicals has several benefits: If the vessels are 

placed in different harbors, chemical ship accident sites can be on average reached 

faster. Reaching the site faster increases the effectiveness of the recovery effort e.g. by 

increasing the probability that a floating spill can be contained with booms.  

Also having more vessels means that the recovery capacity will be greater and the 

spilled materials can be collected faster, thus reducing risk by allowing chemicals to 
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pollute the marine environment for a shorter time . Below are the results of the analysis 

regarding the different functions as mentioned in the theoretical part.  

4.3.2.1. Criterion 1: Minimize dist ance to potential collision sites weighed by the risk  

 Referring back to the theoretical part, the first optimization criterion was how to place 

recovery vessels so that the distance to potential chemical tanker collision sites weighed 

by the risk would be minimized. The risk of each potential collision scenario with a 

chemical tanker involved was calculated individually together with the Euclidian 

distance to the nearest harbor with an RV and a minimization function z 1 was 

formulated. The assumption is that all vessels have equal speeds and there is no 

differ ence in benefit regarding which of the vessels reaches the site first.  

ÍÉÎÚ  ÁÒÇÍÉÎ %ÓÐÉÌÌÅÄ ÃÈÅÍÉÃÁÌÓÄz   

where d t is the distance from the potential collision site to the nearest harbor with an 

RV and E[spilled chemicals] t is the expected tons of spilled chemicals per potential 

chemical tanker collision scenario. Note that this is slightly modified from the formula 

given in the theoretical part as the individual chemical hazard level is not included due 

to lack of data regarding what chemicals are carried in which lanes as mentioned in the 

Risk Analysis part.  

A script was written in MATLAB that calculated the z 1 for each possible combination of 

having 1, 2, 3, 4 or 5 different harbors  as a RV base. As nor Estonia or Russia are 

currently purchasing any RV with chemical recovery capacity and the chemical risk for 

Russia is diminishingly low, the harbors were limited to the Finnish side of the GoF. 

This gave 17 different harbors to place the vessels from Turku to Hamina. Another 

reason for narrowing down the harbor list was due to computational practicalities: 

Calculating z1 meant taking all the 6010 collision candidate scenarios and calculating 

the distances for each scenario to each harbor and multiplying with the associated 

expected spilled chemical amount. With 5 RV bases, this meant that this calculation 

had to be done 175 = 1 419 857 times!  MATLAB performed such an evaluation in 

approximately 30 minutes. However, for the case of only 1 harbor as RV base, all 

harbors in the GoF were included in order to set things into international perspective. 

The results of the calculations show that the more harbors have at least one RV on 

constant stand-by, the closer the potential collisions sites are, and therefore the 
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minimization fun ction gets a smaller and smaller (i.e. better) value. For all the harbors 

in the GoF, if only one harbor is made a base for RVs, the top 10 harbors are as follows: 

Table 11 Top 10 harbors if only 1 chemical RV in the GoF  

 

The best harbor, Prangli, is in Estonia while the best Finnish harbors are Helsinki and 

Upinniemi. In this sense, basing Louhi in Upinniemi is not a bad choice if Louhi indeed 

is the only ñrealò chemical RV in the GoF for the time being . However, the situation 

changes, if there is enough chemical RVs to have 2 home bases. The optimal harbor 

choices and some other selected options for choosing harbors as RV bases are given in 

the following table along with their values for the minimization function z1.  

Table 12 Choosing 1 - 5 harbors as RV bases  

 

The options marked with an ñ*ò are the optimal choices given the number of harbors 

selected as bases for an RV on constant stand-by.  As can be seen from table 13, z1 gets 

a significant better value, when chemical RV capacity is increased to have 2 harbors 

Harbor Value of z1

Prangli 69766,21

Helsinki 70777,03

Upinniemi 71000,47

Kantvik 72581,14

Miiduranna 75544,92

Muuga 76604,99

Inkoo 78092,95

Paljassaare 78205,35

Tallinn 78336,05

No of RV bases RV placement (* optimal) z1 =

1 Prangli* 69766,21

1 Helsinki 70777,03

1 Upinniemi 71000,47

2 Hanko & Sköldvik* 45361,00

2 Upinniemi & Sköldvik 51106,00

2 Upinniemi & Helsinki 58062,87

2 Upinniemi & Kotka 59202,05

3 Hanko, Upinniemi & Sköldvik* 36821,00

3 Hanko, Helsinki & Kotka 39069,00

3 Hanko, Sköldvik & Kotka 41086,00

4 Hanko, Upinniemi, Sköldvik & Kotka* 32546,00

5 Hanko, Upinniemi, Helsinki, Sköldvik & Kotka* 31406,05
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wit h RVs on stand-by. In the case of 2 RV bases, if Upinniemi had to be selected as one 

of the bases, the best result would be achieved by placing the other vessel in Sköldvik. 

The option of Upinniemi (base of Louhi) and Helsinki (base of Merikarhu) and is 

clearly sub-optimal compared to the optimum Hanko & Sköldvik ï z1 gets a 28 % 

higher (i.e. worse) value! z1 also decreases significantly when a third harbor is made a 

base for an RV on constant stand-by. The marginal benefit in terms of z1 decreases with 

the increase in number of RV bases, and the difference between having 4 and 5 harbors 

as RV bases in the GoF is relatively small in terms of z1 as can be seen in figure 38, 

where the aforementioned options are represented as dots: 

 

Figure 38   z1 as a function of numbe r of RV harbors  

In the  figure, the x- axis describes the number of RV bases (1-5) and y-axis the value of 

z1. The leftmost 3 dots represent z1 when placing a single RV on stand-by either in 

Prangli, Helsinki or Upinniemi.  It is notable that the relative di fference between them 

is quite small, whereas in the case of 2 RV harbors, Hanko & Sköldvik clearly dominate 

the other options . With 3 harbors as bases, the difference between the alternatives is 

not as big as with the case of 2 harbors.  

4.3.2.2. Criterion 2: Mini mize mean distance from RV harbor to potential accident 

site 

The next optimization criterion is to look at the average response time to any potential 

chemical tanker accident site. This is done by taking the average distances from the 
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selected harbors to all the collision candidates where the probability that the tanker is a 

chemical tanker is greater than 0. Mathematically this can be expressed as 

ÍÉÎÚ  ÁÒÇÍÉÎ 
ρ

Ὕ
Ὀ   

where D t represents the distance from the potential chemical tanker collision site t to 

the nearest harbor with an RV. 

However, doing this means that the expected chemical spill size in the potential 

collision scenario is not taken into account at all. Also collision candidates where the 

probability of a tanker bei ng a chemical tanker is very low have the same weight as 

collision candidates where the probability of a tanker being chemical is very high. Due 

to these factors, it is better to use the aforementioned z1 as an optimization criterion for 

placing the RVs. In table 13 are the average distances to collision candidate sites as well 

as the average response times from setting sail from the harbor to arriving at the 

potential collision site with a vessel that sails with a constant speed of 15 knots (27.78 

kph) . The results are based on the output of a script written in MATLAB that uses the 

same approach as in the case of criterion 1. 

Table 13 Average distances and response times  

 

The optimal choice of harbors using this criterion (*) are the same when having 2, 4 

and 5 harbors as RV bases it was when using the aforementioned z1 ïcriterion. Again, 

the Upinniemi & Helsinki option is clearly sub -optimal: average response time is 29 

minutes longer than if Hanko & Sköldvik are selected.  In case of 1 RV harbor, the 

optimal pl ace was Helsinki when it comes to the average distance and response time. In 

From nearest harbor to collision candidate site:

RV placement Average distance (km) Average response time (h) 

Prangli 77,58 2,79

Helsinki* 77,21 2,78

Upinniemi 79,66 2,87

Hanko & Sköldvik* 50,96 1,83

Upinniemi & Sköldvik 55,59 2,00

Upinniemi & Helsinki 64,47 2,32

Upinniemi & Kotka 60,69 2,18

Hanko, Upinniemi & Sköldvik 41,44 1,49

Hanko, Helsinki & Kotka* 40,82 1,47

Hanko, Sköldvik & Kotka 43,92 1,58

Hanko, Upinniemi, Sköldvik & Kotka* 34,40 1,24

Hanko, Upinniemi, Helsinki, Sköldvik & Kotka* 33,06 1,19
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the case of 3 harbors, the optimum was Hanko, Helsinki and Kotka (40.82 km, 1.47 h) 

ï a slightly better result than the optimum Hanko, Upinniemi & Sköldvik when using z1 

as optimization criterion. Note that as before, the marginal benefit decreases with 

additional RVs: having 1 RV base means an average response time of almost 3 hours 

from setting sail to accident site, dropping to below 2 hours with  2 RVs and to 1.5 h 

with 3 RVs etc.  

4.3.2.3. Conclusions about the placement of the RVs 

The Finnish Navy is currently making Upinniemi Louhiôs base. This decision is 

justifiable based on the criterion z1 if 1, 3, 4 or 5 harbors are made permanent bases for 

RVs with chemical recovery capacity. In the case of 2 RV bases, Hanko & Sköldvik are 

to be preferred.  However, when looking at the HELCOM recommendation of being 

able to reach all places in the GoF within 6 hours from accident, with 2 hours reserved 

for preparing to set sail and 4 hours for sailing. The current situation leaves the east 

part of the Finnish side of the GoF outside of this response time as the only vessel 

stationed there is Oili III which has no chemical recovery capacity. Having 1 RV in 

Hanko and 1 in Sköldvik (optimum according to z1) would mean that the distance to 

Hamina is 97.34 km and can barely be reached in 3.5 hours after setting sail with a 

vessel going 15 knots. Note that this distance is Euclidian (birdôs flight) meaning that 

the easternmost parts of Finnish GoF are barely reachable within 6 hours.   

The current plan for placing Finnish chemical RVs (Upinniemi & Helsinki) is far from 

optimal in terms of z1, z2 and the 6 ïhour response recommendation to all locations as 

the current obvious situation is that eastern Finlan d lacks chemical RV coverage. This 

should be addressed by making at least one harbor east of Helsinki a base for chemical 

RVs on constant stand-by, which will most likely be done when the Finnish Boarder 

Guard vessels will be delivered. These vessels, according to Lundell (2011) , will be out 

at sea some 330 days / year on various missions in the GoF, operating between Kotka 

and Hanko, with a likely home base in Sköldvik. Lundell (2011) estimated that 2/3 of 

the time at sea would be spent sailing between Inkoo and Porvoo. Therefore, the lack of 

coverage will be addressed at least if one of the vessels will be operating mostly in the 

eastern part of the Finnish GoF.  
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4.3.2.4. Criteria  3 and 4: Maximize  RV recovery ability and total tank capacity of RV 

fleet 

Like mentioned in the theoretical part, the more tank capacity the RVs have in total, 

and the more chemicals they can recover, the better, at least for the environment.  

When it comes to recovering floating chemicals with brush-type skimmers, perhaps the 

main factor is whether the plastic tanks made for oil can tolerate the chemical or are 

metal tanks needed. Therefore, criterion 3 and 4 are discussed here together as they are 

interwoven.  

Using the calculations by SYKE (2007:10) that estimate the 24 h max recovery capacity 

per vessel as 3 x total tank size if the total tank size is small (etc. Merikarhu: 40 m 3), 2 x 

total tank size if the RV tank total size is medium (etc. Uisko: 100 m3), and 1 x total tank 

size if tank big (etc. Halli 1400 m 3). Thus the chemical recovery capacity goes as in table 

15 if the 2 Boarder Guard vessels are purchased. As mentioned earlier, there is great 

uncertainty regarding what the actual DWT of the biggest chemical tanker sailing in the 

GoF is. Also it is unknown, what chemicals the non-metallic collection tanks of the pre -

Louhi RVs can tolerate. Therefore, in table 15 is given calculations based on different 

assumptions of pre-Louhi RV chemical recovery capability and the DWT of the 

maximum size of chemical tanker saili ng in the GoF, assuming that Louhi and the 2 

future Boarder Guard RVs are all in active duty at that time.  

Table 14 Chemical recovery c apacity after new Finnish Navy and Boarder Guard RVs  

 

Naively, the 72 h recovery capacity is then estimated as 3 times max 24 h recovery 

capacity. Applying the logic for recovering oil spills by HELCOM (2010), the capacity of 

chemical RVs should be so that all cargo from 2 breached adjacent side tanks of the 

Assumption: chemicals only recoverable in metal tanks 

 Max recovery capacity (m^3 ) Assumed biggest chemical tanker (1000 DWT):

Vessel Tank size (m^3)in 24 h in 72 h Tanker 100 80 46 20

Louhi 200 400 1200 spill size (m^3) 20 000 16 000 5 598 2904

Future Boarder Guard 1 200 400 1200 Needed extra vessels:

Future Boarder Guard 2 200 400 1200 Vessels Louhi-size 13,7 10,3 1,7 -0,6

Total: 600 1200 3600 Louhi w. all metal tanks 3,9 3,0 0,5 -0,2

Assumption: chemicals can also be recovered in plastic tanks designed for oil

 Max recovery capacity (m^3 )

Vessel Tank size (m^3)in 24 h in 72 h Needed extra 100 80 46 20

Merikarhu 40 120 360 vessels Louhi-size 1,4 0,4 -2,0 -2,7

Tursas 100 200 600

Uisko 100 200 600

Louhi 1400 1400 4200

Future Boarder Guard 1 1400 1400 4200

Future Boarder Guard 2 1400 1400 4200

Total: 4440 4720 14160
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biggest size of chemical tanker sailing in the GoF can be recovered in 72 hours. The spill 

sizes for the 100 000 and 80  000 DWT tankers are calculated by simply multiplying the 

HELCOM (2010) assumed spill size of 30 000 tons for a 150 000 DWT tanker by 0.666 

and 0.5333 respectively, assuming that the recovered substances have about the same 

density as water. For the 46 000 and 20  000 DWT tankers, the estimation is made 

based on the actual sampled tanker lay-outs in the Risk Analysis part. See appendix 1 

for more details regarding chemical tanker tank sizes and layouts. 

Assuming that the future Finnish Boarder Guard vessels have the same chemical 

recovery capabilities and capacity as Louhi, the different scenarios give different results 

for needed extra vessels in order to meet requirements for recovering different spill 

sizes. If the worst of the worst is assumed: that the biggest type of chemical tanker in 

the GoF is acutally 100 000 DWT tanker and that the spilled chemicals cannot be 

collected in plastic tanks at all, 14 additional Louhi - like vessels are needed in the GoF! 

However, if chemicals can be recovered also in plastic tanks when needed, actually no 

extra capacity is needed in the GoF unless the biggest spill is assumed to come from 

80 000 DWT tankers (1 more vessel needed) or 100 000 DWT tankers (2 more vessels 

needed). Note that by installing metal tanks only instead of a mixture of metal - and 

plastic tanks in a Louhi -like vessel doubles its 72 h chemical collection capacity from 

1200 tons to 2400 tons. 

4.3.2.5. Reliability and validity of the evaluation of the benefits  

As the MATLAB script that minimized z1 and z2 calculated all potential RV placement 

scenarios, the result is guaranteed optimal. This would not necessarily have been the 

case if an algorithm would have been selected to find the minimum of z1. However, the 

optimal placement of the vessels depends entirely on the reliability and validity of the 

Risk Analysis. As stated previously, these results are subject to uncertainty and 

therefore any recommendation of RV placement is ambiguous and also takes into 

account collisions only . If other accidents, such as groundings could be modeled in the 

same way as well, the risk in lanes near the cost around heavily trafficked chemical 

harbors would be greater. The distances from the accident sites to the harbors were 

calculated using Euclidian distances, meaning the distances do not fully correspond to 

the distances that the ships actually need to sail in order to get from harbor h to 

accident site t. Lundell (2011) raised criticisms to the authorôs optimization approach 

due to the fact that the future Boarder Guard Vessels will be at sea almost constantly, 
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thus undermining the importance of vessel home base location for the Boarder Guard 

vessels. Also as these vessels will be continuously responding to different tasks assigned 

to them, a stand-by area for the vessels cannot be dictated as they need to go where 

they are needed.   

Regarding the calculations for the needed additional capacity based on 72 hour time 

window for chemical collection , it  does not take into account the fact that all the vessels 

may not be on stand-by and therefore might take +12 h before they can set off for the 

accident site. The estimation of the 72 hour collection capacity should be simulated 

taking into account factors such as spill locations, RV stand-by time, chemical 

evaporation/sink/drift/dissolve speed and the weather effects taken into account for 

more realism. Another critique from the author regards the assumptions that the 

HELCOM recommendations make: it seems that it is assumed that all oil of a breached 

tank is spilled to the sea, which is not necessarily the case in reality (Tavakoli et al. 

2010).  
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5 CONCLUDING DISCUSSIO N 

Now the four first steps of the adapted FSA have been presented, answering whether 

the environmental risks related to chemical tanker collisions can be mitigated using 

recovery vessels and whether spilled chemicals can be recovered using recovery vessels. 

Also the best possible positioning of the recovery vessels for responding to chemicals 

spills due to collisions has been presented. Only the final fifth step of FSA remains: the 

recommendations for decision-making, which is discussed as follows, and related back 

to the individual research questions of the thesis.  

5.1. Step 5: Recommendations for decision -making  

The final step of FSA ï the recommendations for decision- making ï is crystallized in 

the research questions of the thesis. All of the research questions could be answered to 

a certain degree but not as well as the author had wished at the beginning of the thesis 

writing. The answers to the research questions and the recommendations to decision 

making that can made based on them are given below.  

1. How can the environmental risk caused by chemical tanker collisions be 

represented for the different parts of the GoF? 

 

Recalling the previously calculated expected spill sizes resulting from collisions where a 

chemical tanker is the struck ship, the most risk-prone location is the approach to 

Sköldvik oil and chemical harbor in Porvoo, with an expected 2.1719 tons of spilled 

chemicals per year. The second most risky place is where the shipping lane from 

Helsinki to Tallin crosses the main GoF east-west bound shipping lane (1.143 tons per 

year).Other risk -prone locations are the shipping lane to Kotka and Hamina (most risky 

square: 0.7509 tons per year). As exact port statistics regarding carried chemicals are 

not available, the risk is as such represented only in terms of expected spilled 

chemicals, without taking  into account the differences in the toxicity levels.  

2. How can the environmental risk of chemical tanker collisions be mitigated using 

recovery vessels? 
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Based on the physical properties, approx. two thirds of materials transported by 

chemical and gas tankers in the GoF float for at least some time after being spilled to 

sea, and therefore seem to be at least somehow recoverable with RVs equipped with 

brushes. Also RVs with pressurized crew compartments have the option of laying out 

booms to reduce the spread of floating substances and can tow damaged tankers away. 

Also RVs with bigger tanks can effectively pump chemicals from tankers to the RV as 

well as perform tasks not covered in this thesis such as fire -fighting and medical 

evacuation.  The probability that a random chemical spilled from a chemical or gas 

tanker would float for at least some time and be both toxic for humans and to marine 

life is 49 %. These results indicate that RVs could potentiall y play a big role in 

mitiga ting the negative effects of a ship collision with a chemical tanker involved by 

being able to collect the materials especially with brushes. However, further research is 

needed. 

3. Should future oil spill recovery vessels in the GoF be equipped also to recover 

chemicals from the sea? 

 

The costs of equipping an RV to also deal with chemicals is neither simple nor does it 

seem to have been specified when the current RVs were commissioned. Nor have 

authorities like SYKE or the shipbuil ders themselves have calculated the cost. The only 

reliable figure is the Swedish KBV 003, which cost ca. 12 million euros or 39 % more 

than its sister ships. However, the filter system on the KBV 003 could possibly be 

replaced by a cheaper snorkel system (Hovilainen 2011), reducing the cost. This means 

that giving an RV chemical recovery capability increases the costs with some 1.5 ï 40 % 

depending on how it is done. From a traditional CBA ïperspective it makes no sense to 

give an RV chemical capability as long as a chemical RV can be leased from abroad in 

the case of emergency as the polluter needs to pay for all the costs of the clean-up. This 

logic is ethically questionable, and it is better to adapt the HELCOM recommendations 

for oil recovery capacity to chemicals. Whether there is sufficient chemical RV capacity 

to meet the adapted HELCOM recommendations really depends on  

1) what is assumed to be the biggest category of chemical tankers in the GoF and  

2) whether RV tanks designed for oil can also tolerate chemicals or not  

Based on these 2 uncertainties, the GoF capacity can either be sufficient after the 

introduction of Louhi, or insufficient with 14 RVs even after the introduction of the 2 
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future Boarder Guard vessels.  The author recommends that at least all future Finnish 

RVs should be given chemical recovery capacity at least until the 72 h ï recovery goal is 

met. It should be considered making all of the tanks of the future 2 Boarder Guard 

vessels chemical resistant, not just one as the case is with Louhi as this effectively 

doubles the individual vesselôs 72 hour collection capacity.  

When it comes to the other GoF countries, the liquid chemical  volumes transported to 

Russia and Estonia are currently low .  Therefore the need for chemical RVs is much 

lower than for Finland and these countries have a much lesser need for equipping their 

RVs for dealing with chemicals.  However, giving future RVs chemical capability could 

be wise as the vessels will be in use for decades. During this time, the situation might 

change by the opening of new chemical plants in Estonia or Russia, or if the Russian 

chemicals would not be transited through Finland in such a degree as they are now.  

4. Where should the recovery vessels be stationed to respond to chemical spills as 

results of ship collisions? 

 

In the GoF, the lack of chemical RV coverage of eastern Finnish GoF should be 

addressed. The current decision of placing Louhi in Upinniemi and Merikarhu in 

Helsinki does not meet the HELCOM 6 ïhour response time recommendation for the 

eastern part of the Finnish GoF, nor is this combination optimal according to z1 and z2.  

However, if assuming that Louhi is the only ñrealò chemical RV, it should be stationed 

in Helsinki or Upinniemi  based on z1 and z2.  Another factor is  that Louhi will not be 

on stand-by all the time, and when it is not, either Hylje or Halli is . Unfortunately,  

neither of these RVs is equipped for dealing with chemicals. Therefore, either Louhi will 

need to be on constant stand-by and resituated or additional chemical RVs will need to 

be introduced to cover the whole Finnish GoF at all times, as the current situation does 

not give full coverage to areas with much chemical tanker traffic such as Kotka and 

Hamina. This situation will be improved wi th the introduction of the 2 future Finnish 

Boarder Guard vessels and if at least one of the vessels will be active mostly in the 

eastern part of the Finnish GoF, Finland will be able to respond within 6 hours to all 

chemical spills in her part of the GoF.  

Based on z1, in the case of having 2 RV bases, Hanko and Sköldvik is the best choice, 

although this means that the easternmost parts of the Finnish GoF are barely reachable 

in 6 hours. With 3 bases, Hanko, Upinniemi and Sköldvik are the best options and with 

4 bases, Hanko, Upinniemi, Sköldvik and Kotka seem to be the best combination. If  
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Estonia and Russia commission chemical RVs in the future, the placement of these 

vessels should be co-ordinated  internationally  so that the result would be optimal from  

a GoF perspective and not only from the perspective of the individual country. 

Recalling that only the risk caused by collisions is modelled, the risk in shipping lanes 

leading to the biggest chemical harbours in the GoF such as Helsinki, Sköldvik, Kotka 

and Hamina are underestimated due to the fact that groundings are not modelled at 

this stage. Also the Risk Analysis does not take into account the fact that spills that 

happen near the shore might be more damaging due to extra cost and difficulty of 

recovery and the potential additional sensitivity of the area.  Therefore having a 

chemical RV on stand-by in or near all of these bigger chemical harbours could greatly 

reduce the risk of chemical transports in the GoF as the accident sites could be reached 

very fast and thus e.g. the spread of floating chemicals reduced by boom-laying, 

pumping chemicals to the RV from the damaged tanker and towing the tanker to a safer 

location.  

5.2.  Reliability and  validity of the recommendations  

All of the results are indicating results, not absolute truths due to the uncertainties 

described previously and the fact that not all accidents are modeled, nor is the 

effectiveness of RVs fully known. Therefore, no absolute recommendations can be given 

before all accidents are modeled and more is known about the current sea-borne 

chemicals, what chemicals the tanks of the oil response vessels can tolerate and the 

speed of sinking/drifting/evaporating/dissolving of the most common chemicals  are 

studied more in detail . Besides this, a study similar to Luoma (2010) about the 

effectiveness of brushes in oil recovery needs to be done at least for the most common 

chemicals.  Also whether the big chemical tankers really carry chemicals or not needs to 

be verified as well as a more detailed study regarding the costs for equipping a recovery 

vessel for chemicals in different ways .  

5.3.  External validity  

The questions raised in this study are relevant to other sea areas as well, where great 

volumes of chemicals are transported in bulk. The simulation used for the Risk Analysis 

of GoF and the way of calculating optimal placement of RVs can be equally well used 

for other geographical areas, given that enough location specific data is available.  

Critique against the thesis 
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This thesis looks at only the environmental risks of chemicals spilled as a result of 

collisions. This means that the risk given does not represent the whole risk related to 

chemical transports in the GoF. Also the Risk Analysis is based on models with 

uncertainties involved in almost all the steps of the analysis and the detailed chemical 

data used is from 1994 but fortunately, volumes from 2008 and number of tankers 

from 2007 . This means that the results of this study should be taken as pointers and 

not as absolute truths.  

Another shortcoming is the fact that the real capability of RVs in collecting spilled 

chemicals at sea is not currently known, nor is it know n to which extent the tanks of 

current RVs designed for oils are able to deal with the chemicals transported in the 

GoF. Also due to the lack of data regarding costs of equipping RVs for chemical 

recovery means that e.g. a Net Present Value calculation in CBA could not be done. Also 

the lack of comprehensive and up-to-date chemical statistics meant that the Risk 

Analysis could not be done as well as the author had wished.  

Also the aim of the thesis is quite wide; it would have been better to limit the thesis to 

e.g. only looking at the placement of the RVs but without answering the first 3 research 

questions this doesnôt make much sense from a practical point of view. Also just 

focusing on the placement of the RVs cannot yield good results unless the real recovery 

abilit y of the RVs is known, a good drifting/sinking etc. model is included, and that the 

lane-specific chemical transportation volumes are known.  

Generally speaking, the biggest problem with the thesis is that up-to-date and 

comprehensive data was not available for the author.  Had better data been available, 

the all of shortcomings could have been eliminated or significantly reduced . All t his 

gives several recommendations for future research that is discussed later on.  

A final critique of the thesis is struct ural: It might have been better to put the sections 

regarding goals for oil and chemical recovery capacities to chapter 2 than to chapter 4, 

but however, they do not fit into the framework of FSA well.  

5.4.  Discussion and recommendation for future research  

Below matters that were not covered in FSA step 5 are discussed along with the 

recommendations for future research. 
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5.5.  The risk of oils vs . chemicals  

When comparing the risk of crude oil and oil products to chemicals, there are several 

factors that need to be taken into account. Firstly, more chemical- and gas tankers 

sailed the GoF than oil- and oil product tankers: 1748 versus 1187. This means that for 

each oil tanker there were 1.48 chemical tankers. Assuming equal causation factors for 

all tankers (Goerlandt & Kujala 2011), this means that chemical tanker accidents should 

be almost 1.5 times as common as oil tanker accidents.  

In the new MARPOL- categories, all oil-based fuels and products with any bio-fuel 

components added to them are classified in the most toxic MARPOL - chemical 

category X. Only around 1 % of transported chemical volume in 1994 was of category X. 

However, a straightforward comparis on of toxicity between oil/oil products and 

chemicals based on MARPOL ï categories is not possible as the MARPOL categories 

are controversial to apply for mineral -based products such as oil, fuels and fuel-biofuel 

mixes.  Some chemicals are more toxic to marine life than oil and oil products while 

others are less toxic. Pragmatically speaking, diesel should belong to category Y instead 

of X. (Vähätalo 2011) 

On the other hand, the average size of a chemical tanker was 16 859 DWT in 2007 , 

while the oil tanker s were on average 4 times bigger with a mean of 67 700 DWT.  Also 

while Montewka et al. (2010) conclude that the average oil tanker follows a 6 x 2 tank 

layout, chemical tankers seem to have more tanks: 18-39 tanks while the most common 

layout is around 20 tanks. This means an average tank size 6- 13 times smaller for 

chemical tankers; therefore the spill sizes for chemicals with physical properties similar 

to oils will be lower than for oils. In conclusion, this means that the expected spill sizes 

will be much smaller for chemicals than for oils, but they will be more frequent and 

have the potential of being much more toxic.  

Despite the fact that the risk posed by chemicals is far from negligible compared to the 

risk posed by oil, it seems that currently the attention is disproportionately much on 

the risk caused by oil tankers. This applies for academia as well as for organizations 

dealing with the risk of maritime transportations . Given that more chemical than oil 

tankers sail in the GoF,  some chemicals are more toxic than oil , and the fact that many 

of the transported chemicals seem to be at least somehow recoverable; SYKE and other 

Finnish authorities should take chemical risk analysis into account in the same ways as 

oil risk analysis. One reason for the lack of attention on the chemical risk is the 
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difficulty and complexity of the issue, meaning that the topic is easily ñswept under the 

carpetò5 Lundell (2011). 

5.6.  Suggestions for future research  

The studies and governmental attention regarding maritime chemical accident 

frequency, consequences and RCOs have been largely overshadowed by same kind of 

studies about maritime oil transports. The regulations and RCOs implemented to 

reduce chemical trans risk have mostly either focused on overall maritime transports 

(such as the Traffic Separation Scheme and VTS), been "by-products" of oil spill 

combating (such as the Finnish RVs with chemical capacity) or studies about the 

dangers of individual chemicals or regulations regarding handling of indiv idual 

chemicals (such as MARPOL Annex II). The few studies that have focused on the 

ñbigger pictureò of chemical transportation risks in the GoF such as Hªnninen & 

Rytkönen (2006) and Luhtala (2010) have not measured and mapped the risk in a 

comprehensive manner, nor analysed the impact of RCOs in detail. Also, as pointed out 

in this study, t here is a great need for even basic studies of maritime chemical 

transports, such as details about destinations, tanker sizes, loads, chemical drifting in 

water, etc. Besides all this, there is a need for accurately modelling all accidents such as 

groundings as well as a need for a more comprehensive FSA in order to be able to make 

chemical transportation in the GoF safer and greener in the future. 

 
- Re-code the collision simulation model to include leg -specific chemical tanker 

collision probabilities. This will be done as a part of the authorôs up-coming 

Masterôs thesis for Aalto University.  

- Modeling all accidents, especially groundings and passing these results on to 

HELCOM and decision ïmakers. 

- Including a drift/sink/evaporate model for chemicals so the time available for 

recovery can be estimated. This can be used to better evaluate the recovery 

effectiveness of the RVs. 

- Evaluating the effectiveness of different means of recovery for chemicals with 

different properties.  

                                                        
5 òYleensª kemikaalijuttu lakaistaan maton alle koska se on niin vaikea. Sama juttu pªtee Ruotsalaisiin ja 

muihin. Sanotaan vaan ettª jotain pitªisi tehdª. ò 
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- Determining the more detailed costs of equipping RVs to deal with chemicals 

with different technical solutions .  

- Acquire more recent and specific data about which chemicals are transported 

where. This can be done by e.g. sending a questionnaire directly to harbors in 

the GoF and asking about transported chemicals in/out. If no specific chemicals 

can be revealed due to commercial secrets, inquire about amounts of different 

MARPOL ïcategory chemicals transported and the physical properties of 

chemicals. This can be eventually done by data mining PortNet or GOFREP.  

- Study the chemical transport lay-outs more in detail as well as cargo loading 

levels in different lanes. 

- Study the future development of chemical transportation in the GoF  more in 

detail.  

- Determining a more exact and detailed measure for assessing the 

environmental toxicity for the different chemicals than MARPOL ïcategories.  

- Studying RCOs that are related to on-board chemical tanker technical features, 

procedures and safety regulations.  

- Studying the cost-effectiveness of other potential RCOs in mitigating risk such 

as increasing GoF icebreaker capacity to keep the GoF Traffic Separation 

Scheme in force also in winter (Pajala 2011a) and adding chemical-resistant 

deck tanks on demand on recovery vessels (Putro 2011). 

- Ultimately c onducting a full FSA of chemical transports in the GoF. 
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SVENSK SAMMANFATTNIN G 

I ntroduktion  

Östersjön är ett av de mest trafikerade havsområdena i världen med en andel på 15 % 

av all sjöfrakttransport  i världen (HELCOM 2009) . Navigeringen i Östersjön 

kompliceras av det relativt grunda vattnet, de smala navigeringsrutt erna och istäcket 

(HELCOM 200 9). Dessutom är Östersjön ett mycket känsligt område bl.a. pga. det 

relativ t grunda vattnet och den långsamma vattencirkulationen (Uggla 2008). 

Transportmängderna i Östersjön har därtill ökat markant un der de senaste åren, 

speciellt till och från Ryssland,  alltså också i Finska viken. Denna trend förväntas 

fortsätta även i framtiden (Kuronen et al. 2008). Tillsammans leder dessa faktorer till 

en alltmer ökad risk för  fartygsolyckor i hela Östersjön.  

Sjöfart för med sig risker såsom ekonomiska förluster, men även skador för människor 

och på miljön. I Finska viken transporteras olika former av gods, som är farliga för 

människor och miljö n, däribland olja och olika former av kemikalier. Tyvärr har denna 

transportverksamhet fört me d sig dåliga konsekvenser för miljön: t.ex. i juli 2000 

läckte det italienska tankerfartyget Crystal Bubino 2 ton nonyfenol  poly(4+)  ethoxylater 

i Fredrikshamn pga. besättningens oaktsamhet under lossningen. Nonyfeonl poly(4+) 

ethoxylater är mycket giftiga för marinlivet och resulterade i en massdöd av fisk i 

hamnen (Onnettomuustutkintakeskus 2000).  

Enligt principerna för grön logistik är det viktigt att all transport sker på ett 

miljövänligt sätt, och därför är det viktigt att minimera riskerna förknippad e med 

kemikalietransporter. För att kunna göra detta, är det viktigt att studera noggrant 

riskerna relaterade till de mest vanliga och destruktiva typer na av olyckor med 

kemikalier samt hur man kan reducera denna risk.  

Tidigare forskning  

I Finska viken är kollisioner mellan två fartyg bland de mest frekventa och destruktiva 

olyckorna (Kujala et al. 2009). Utöver att analysera kollisionernas orsaker och 

konsekvenser, är det dessutom viktigt att granska olika åtgärd er som man kan göra för 

att sänka riskerna relaterade till transport av kemikalier i Finska viken. Detta har gjorts 

till en viss omfattning av bl.a. Kujala et al. (2009), Hänninen & Rytkönen (2006)  och 

Rosqvist et al. (2002). Goerlandt & Kujala (2011) estimerade sannolikheten av 

kollisioner med olje - eller kemikalietankfartyg i Finska viken. Det har också gjorts 
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konkreta beslut för att förbättra säkerheten i Finska viken (Kuronen & Tapaninen 

2009). Exempel på detta är det obligatoriska kravet på dubbelskrov för alla olje- och 

kemikalietankfartyg och Finska vikens Vessel Traffic Service (VTS), som har samma 

roll för fartyg som flygledning har för flygplan. Åtgärder som implementeras för att 

förbättra säkerheten och därmed sänka riskerna kan kollektivt kallas för alternativ för 

riskkontroll (eng. Risk C ontrol Option, RCO).  

Tidigare var ett av de största problemen med säkerhetsfrågorna att RCO:ar 

implementerades vanligtvis reaktivt, efter att en olycka hade hänt, istället för proaktivt, 

före en olycka. Detta ledde till att kriterierna för vilken RCO som borde implementeras 

för att förbättra säkerheten var mera dikterad av den allmänna opinionen och politiken 

än av ekonomisk-tekniska kriterier. Detta förändrades 1998 efter att offshore -

plattformen Piper Alpha exploderade i Nordsjön och 167 människor dog. Delvis pga. 

denna olycka utvecklade den Internationella sjöfartsorganisationen  (eng. International 

Maritime Organization, IMO) den formella säkerhetsanalysen (eng. Formal Safety 

Assessment, FSA) som numera används bl.a. i IMO:s beslutfattningsprocess. FSA är ett 

ramverk för att evaluera maritima risker och de RCO:ar, som kan implementeras för att 

sänka denna risk. (IMO 2011) 

Ett av FSA:s huvudsyften är att undvika  att dyra RCO:ar som endast marginellt ökar 

säkerheten förverkligas (IMO 2011). Ett av huvudkriterierna i FSA är därmed 

kostnadseffektivitet, som värderas med en nytto-kostnadsanalys (eng. Cost-benefit-

analysis, CBA). CBA har slagit igenom speciellt i den offentliga sektorn redan på 1980-

talet (Adler & Posner 1999), och har nu börjat spela en roll också i den maritima 

sektorn.  

Motivering av studien  

Trots studier som gjorts av myndigheter, företag och akademiska instanser, finns det 

dock stora gap i litteraturen  om vad som borde göras för att öka säkerheten i Finska 

viken. Kuronen & Tapaninen (2009) framhäver att det är svårt att beräkna 

kostnadseffektiviteten av olika beslut som fattas för att öka säkerheten. Detta kan leda 

till en situation där det implementeras riskkontrollmetoder som är dyra men inte ökar 

säkerheten avsevärt. Goerlandt & Kujala (2010)  föreslår däremot som framtid a 

forskning att modellera konsekvenserna av fartygskollisioner, som t.ex. miljöskador av 

oljeutsläpp, samt utveckla en komplett riskkarta för transporten i Finska viken. 

Hänninen & Rytkönen (200 6) nämner speciellt behovet av att göra en FSA av 
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Östersjöns kemikalietransporter. För tillfället håller Finland, Estland och Ryssland på 

att köpa mera miljöskyddsfartyg för att bättre kunna reagera på eventuella 

oljekatastrofer i Finska viken (Jolma 2010) . Dessa fartyg kan också utrustas för att 

samla ihop utsläppta kemikalier från havet, men detta innebär en extra kostnad. Dessa 

faktorer gör det relevant att göra åtminstone en partiell FSA av Finska vikens 

kemikalietransporter, speciellt med avseende på hur risken av fartygskollisioner med 

kemikalietankfartyg kan minskas med hjälp av miljöskyddsfartyg.  

Syftesformulering  

Syftet med denna avhandling är att först värdera risken relaterad till fartygskollisioner 

med kemikalietankfartyg. Därefter värderas huruvida denna risk kan minskas med 

miljöskyddsfartyg.  Av speciellt intresse är om utsläppta kemikalier kan samlas med 

hjälp av miljöskyddsfartyg till havs, och vilka är de extra kostnaderna förknippade med 

att utrusta miljöskyddsfartyg i Finska viken till att inte endast kunna samla upp olja 

utan också kemikalier.   

Introduktion till teorin  

Som en teoretisk referensram används den formell a säkerhetsanalysen (FSA) i 

avhandlingen. FSA är en systematisk och strukturerad metod som har för avsikt att öka 

sjösäkerheten med hänsyn till faktorer som människoliv, hälsa, miljö och egendom 

(IMO 2002) . Som verktyg används riskanalys och CBA som delar av FSA. FSA delas 

upp i följande fem steg: 

1. Riskidentifiering  

Riskidentifieringen består av att identifiera  alla möjliga olyckor och deras 

effekter och orsaker, med andra ord svara p¬ fr¬gan òvad kan g¬ fel?ò.  

2. Bedömning av risker 

Nästa steg av FSA består av att evaluera de identifierade risker na, dvs. svara på 

frågan òhur illa och hur sannolikt?ò händer de olika olyckorna. Detta görs 

genom en riskanalys.   
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3. Alternativ för riskkontroll (RCO ) 

Tredje steget består av att utforma regler för att  kontrollera  och minska de 

identifierade  riskerna. Detta svarar p¬ fr¬gan òkan situationen fºrbªttras?ò. 

Denna avhandling betraktar dock endast miljöskyddsfartyg som RCO:ar. För en 

mer detaljerad beskrivning av avgränsningarna, hänvisas till avhandlingens 

kapitel 1.3.   

4. Nytto -kostnadsanalys 

Efter att riskerna har blivit uppskattade och de möjliga RCO:arna har identifierats , 

är nästa steg att uppskatta kostnadseffektiviteten av de olika RCO:ar, dvs. svara på 

frågan òvad skulle det kosta och hur  mycket skulle situationen förbättra sig ?ò. 

5. Rekommendationer  för beslutsfattandet   

Efter de fyra ovan nämnda stegen nås slutligen rekommendationerna, som kan dras 

på basis av de föregående analyserna. Detta svarar på frågan òvad borde gºras?ò för 

att förbättra den maritima säkerheten .  

Såväl kvalitativa som kvantitativa analysmetoder och data behövs för att svara på 

frågorna, som ställdes i de olika stegen.  Detta diskuteras i större detalj i följande 

avsnitt.  

Val av metoder  

Alla delar av avhandlingen är kopplade till ett av FSA:s fem steg. Första steget ï 

riskidentifieringen ï täcks av avgränsningarna, då det i denna avhandling betraktas 

endast olyckor orsakade av kollisioner mellan två fartyg, varav minst en är ett 

kemikalietankfartyg. Som konsekvenser av olyckorna betraktas endast de kemikaliers 

effekter på miljön, som släpps ut som resultat av en kollision.   

 Andra steget ï bedömningen av riskerna ï fokuserar sig på få variabler spridda över 

ett geografiskt brett område. För detta lämpar sig kvantitativa metoder bäst. I detta fall 

används skribentens MATLAB - kod för att filtrera output av Goerlandt & Kujala (2010) 

i samband med statistik över kemikalie - och oljetankfartyg samt statistik över 

transporterade kemikaliemängder i Finska viken.  Detta gav en uppskattning av hur ofta 

och var i Finska viken kemikalietankfartyg kolliderar med varandra eller med andra 

fartyg. I avhandlingen kombineras egna MATLAB-koder med en konsekvensmodell för 
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fartygskollisioner av Montewka et al. (2010). Därigeno m fås de förväntade årliga 

mängderna kemikalieutsläpp i de olika delarna av Finska viken. Detta illustreras i figur 

24 i avhandlingen. En detaljerad beskrivning av MATLAB finns i avhandlingens kapitel 

3.2. Kort sagt rör det sig om en kombination av ett avancerat kalkylprogram och en 

programmeringskod, vilket gör det möjligt att skriva kod, som automatiskt utför stora 

och små beräkningar, samt illustrerar data och resultat på ett liknande sätt som 

Microsoft Excel.   

Steg tre ï alternativ för riskkontroll ï berör miljöskyddsfartygens tekniska detaljer och 

förmåga att samla ihop utsläppta kemikalier från havet. Kvantitativa data och 

analysmetoder är mest lämpade för detta steg. Dessa kompletteras dock i denna 

avhandling med kvalitativa data från expertintervjue rna. 

 Det fjärde steget ï nytto -kostnadsanalysen ï innebär en jämförelse mellan 

kostnaderna av miljöskyddsfartygen och deras respektive nyttor. Nyttan av att ha ett 

eller flera kemikaliemiljöskyddsfartyg i Finska viken är i detta fall en reduktion av 

riskerna av utsläppta kemikalier genom snabbare respons till en potentiell olycka samt 

en ökad kapacitet för att samla ihop kemikalier. Detta leder till att utsläppta kemikalier 

hinner sprida sig till ett mindre område och hinner påverka dessa områden under en 

kortare tid, vilket leder till att miljön drabbas mindre. Med andra ord reducerar 

miljöskyddsfartygen risken av kemikalietankfartygens miljöpåverkan genom att minska 

på konsekvenserna av en kollision.  Då detta steg hänger ihop med den kvantitativt 

definierade risken i steg två, lämpar sig kvantitativa metoder bäst också för detta steg. 

MATLAB - koder och kalkyler i Excel användes i detta steg för att analysera data.  

Det sista steget av FSA ï rekommendationer för beslutsfattandet ï består av en 

diskussion av de fyra föregående stegen, där kvantitativa data fungerar som bas för 

diskussionen kombinerad med kvalitativa data från expertintervjuerna.   

Empiriska data och genomförandet av undersökningen  

Behovet av data för analysen bestäms av de fem stegen av FSA. Merparten av empiriska 

data är kvantitativa data i form av statistik över kemikalietransportmängder, 

tankertrafik i Finska viken samt tekniska data och kostnader av miljöskyddsfartyg. 

Detta samlades ihop först och främst från skriftliga källor och databaser, som hittades 

på internet.  
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Kvantitativa data kompletterades med kvalitativa data från expertintervjuerna. 

Experterna valdes genom ett målinriktat urval på basis av de frågor, som kvantitativa 

data inte kunnat ge svar på. Dessutom gjordes en pilotintervju med Jukka Pajala från 

SYKE för att få förhandskunskap i kemikaliebekämpning till havs. De valda experterna 

representerade myndigheter involverade i kemikaliebekämpning i Finska viken samt 

varven. Experterna intervjuades för att få reda på kostnaderna för att utrusta ett 

miljöskyddsfartyg så att det inte endast har kapacitet för att samla upp olja, utan också 

kemikalier. Dessutom ville man få reda på hur effektivt dessa fartyg kan samla upp 

kemikalier.  En detaljerad lista på de intervjuade personerna finns i avhandlingen 

under kapitel 3.6.ï 3.7. 

Resultatredovisning 

Strukturen av FSA med de 5 olika stegen upprepas i resultatredovisningen, och det 

första egentliga steget är bedömningen av risker (FSA steg 2).  Detta gjordes genom att 

beräkna det förväntade antalet kollisioner för en ruta på 5x5 km i Finska viken samt det 

förväntade antalet utsläppta kemikalier i ton per ruta på basis av modellen av Montewka 

et al. (2010).  Analysen visar att i Finska viken är risken låg i alla farleder och 

vattenområden förutom tre: farleden till Sköldvik nära Borgå, farleden till Kotka och 

Fredrikshamn samt vattenområdet i mitten av Finska viken mellan Helsingfors och 

Tallinn. I detta område korsar öst-väst trafiken samt nord-syd trafiken mellan 

Helsingfors och Tallinn. I farleden till Sköldvik är väntevärdet för utsläppta kemikalier 

2,179 ton per år i den ruta på 5x5 km som uppvisar största risken. Motsvarande värde 

för den mest riskabla rutan mellan Helsingfors och Tallinn är 1,143 ton och för farleden 

till Kotka och Fredrikshamn 0,7509 ton.  I nästan alla andra områden i Finska viken är 

väntevärdet mellan 0 och 0,2 ton utsläppta kemikalier per år. Se figur 24 i avhandlingen 

för en illustration av dessa värden.  

Här är det viktigt att notera, att olika kemikalier transporteras i olika mängder i olika 

farleder i Finska viken, och de olika kemikaliernas miljögiftighet varierar. 

Kemikaliernas giftighet värderas på en skala X, Y, Z eller icke-farlig av IMO (2007). X 

betecknar den mest farliga gruppen, som utgör en stor fara (major hazard) för miljön, Y 

utgör en fara (hazard) och Z liten fara (minor hazard) för miljön. På grund av bristfälliga 

data var det dock inte möjligt att göra en pålitlig åtskiljning av vilka kemikalier som 
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transporteras var. Därför görs ingen skillnad i riskanalysen mellan de olika utsläppta 

kemikalierna när det kommer till riskvärderingen.   

Efter riskbedömningen kommer FSA:s tredje steg, som handlar om miljöskyddsfartygen 

som RCO:ar. Här visar det sig att det redan finns i Finland enskilda fartyg som har en 

begränsad förmåga att bekämpa kemikalieutsläpp till havs. Dessa är det finska 

gränsbevakningsväsendets patrullfartyg Tursas, Uisko och Merikarhu, som är utrustade 

bl.a. med trycksatta besättningsutrymmen, borstar, bommar och tankrar för att kunna 

reagera på olje- och kemikalieutsläpp (The Finnish Boarder Guard 2011a; 2011b; 2011c; 

Pajala 2011a). Dock vet man inte exakt dessa fartygs förmåga att samla upp kemikalier i 

praktiken då man inte vet exakt vilka kemikalier deras tankrar, som är avsedda för att 

samla upp olja, kan tolerera (Pajala 2011a). Dessutom är deras tankrar väldigt små: 

40ï100 m3 totalt per fartyg.  

Finland, Estland och Ryssland håller på att skaffa nya miljöskyddsfartyg, men endast de 

finska fartygen har utrustning för att kunna hantera kemikalieutsläpp till havs.  Den 

finska marinen insätter fartyget Louhi år 2011, och gränsbevakningsväsendet har planer 

på att skaffa två patrullfartyg med samma miljöskyddsförmåga som Louhi.  Louhi är 

utrustad med nödvändig utrustning för att kunna klara sig i områden med giftiga gaser i 

luften, avancerade borstsystem för att samla upp olja och kemikalier, fyra tankrar för 

uppsamlad olja med en total volym på 1224 m3 samt en 200 m 3 stor metalltanker avsedd 

speciellt för kemikalier (Pajala 2011a; Pajala 2011b). Alla marinens och 

gränsbevakningens fartyg utför också andra uppgifter än miljörespons.  

Dessa kostnader och nyttor för miljöskyddsfartygen jämförs med varan i FSA:s fjärde 

steg, nämligen nytto -kostnadsanalysen. Louhi kostade totalt 43 milj. euro att bygga. 

Det är dock inte möjligt att sätta en exakt prislapp på de extra kostnader som 

kemikaliebekämpningsförmågan för med sig, då inte ens varvet har specificerat dessa 

kostnader. Pajala (2011a) uppskattade grovt att dessa kostnader skulle vara 5 % av totalt 

43 milj. euro för Louhi.  Det svenska miljöskyddsfartyget KBV 003 kostade 49 milj. 

euro, 39 % mera än dess systerfartyg (Dannevik 2011). Skillnaden mellan KBV 003 och 

systerfartygen var endast att KBV 003 också var utrustad för att samla upp kemikalier 

till havs. Dock påpekar Hovilainen (2011) att KBV 003 var utrustad med ett mycket 

dyrt luftfiltreringssystem för motorerna, som skulle kunna ersättas med ett mycket 
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billigare snorkelsystem istället.  Den lägsta uppskattningen för att utrusta ett 

miljöskyddsfartyg för att också kunna klara av kemikalier var 1,5 % av det totala priset 

av en multifunktionell isbrytare avsedd för Estland (Hovilainen 2011). Det finns alltså 

både en stor osäkerhet samt stora skillnader mellan värderingarna av kostnaderna 

förknippade med att utrusta ett miljöskyddsfartyg till att kunna samla upp också 

kemikalier.  

Från ett traditionellt nytto-kostnadsanalysperspektiv är det dock inte vettigt att ha 

miljºskyddsfartyg ºverhuvudtaget d¬ principen òfºrorenaren betalarò gªller (SYKE 

2010). Det vill säga, så länge man kan leasa miljöskyddsfartyg från andra länder för att 

putsa ett olje- eller kemikalieutsläpp, lönar det sig inte att betala för att bygga och 

upprätthålla egna miljöskyddsfartyg. Detta beror på att rederiet som förorsakade 

utsläppet måste betala för alla kostnaderna. Men å andra sidan är detta oetiskt och leder 

till större negativa konsekvenser för miljön då reaktionstiden därmed ökar. Det är också 

10 gånger dyrare att samla upp t.ex. olja från stränder än från öppet hav (SYKE 2010).  

På grund av den stora osäkerheten förknippad med utrustningskostnaderna och 

òfºrorenaren betalarò- principen är det bättre att ta ett annat mått i bruk när det gäller att 

värdera huruvida framtida miljöskyddsfartyg i Finska viken borde utrustas till att samla 

upp inte bara olja utan också kemikalier. HELCOM (2010) kräver att alla oljeutsläpp i 

Finska viken måste kunna nås med åtminstone ett miljöskyddsfartyg inom 6 timmar 

från olyckan. Dessutom stipulerar HELCOM att man måste kunna på 72 timmar samla 

upp allt som utsläpps, om 2 bredvidliggande tankrar av den största typen börjar läcka 

pga. en kollision. Motsvarande krav eller mål finns inte för kemikalier, men att 

applicera samma krav också på kemikalier kan motiveras: i Finska viken seglar 1,5 

gånger så många kemikalietankfartyg som oljetankfartyg. Omkring 50 % av 

kemikalierna som transporteras är båda farliga för miljön och mera eller mindre 

flytande. Detta betyder att de kan till en viss mån samlas upp. Dessutom seglar många 

relativt stora kemikalietankfartyg i dödviktsklasserna 30ï60 000 ton i Finska viken. 

Slutligen transporteras kemikalier som är mera farliga för miljön än olja och 

oljeprodukter (Vähätalo 2011).  
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Nyttan av att ha flera miljöskyddsfartyg i Finska viken är först och främst tudelad: en 

kortare reaktionstid till en olycka och en större uppsamlingskapacitet. Detta leder till att 

utsläppta kemikalier hinner vara i naturen en kortare tid, vilket reducerar de negativa 

konsekvenserna för miljön. Författaren skrev en MATLAB-kod för att fastställa den 

optimala placeringen av miljöskyddsfartyg i olika hamnar i Finska viken. Placeringen 

väljs genom att minimera två kriterier: första kriteriet ï kriteriet z1 ï minimerar 

avståndet från alla potentiella kollisionsställen multiplicerat med den förväntade 

mängden av utsläppta kemikalier på dessa ställen. Avståndet till ett kollisionsställe 

definieras som det kortaste avståndet från stället till en hamn med ett miljöskyddsfartyg 

i beredskap att rycka ut. Det andra kriteriet ï kriteriet z2 ï minimerar endast avståndet 

från alla potentiella kollisionsställen till den närmaste hamnen med ett 

miljöskyddsfartyg.  

 Dessa kriterier minimeras endast för de finska hamnarna i Finska viken eftersom 

varken Estland eller Ryssland har, eller har planer på att skaffa, miljöskyddsfartyg som 

kan hantera kemikalier.  Genom att välja 1ï5 hamnar med ett miljöskyddsfartyg i 

beredskap får man olika resultat och olika värden för minimeringskriterierna z1 såväl 

som z2.   

Om det endast finns en hamn med ett kemikaliemiljöskyddsfartyg i beredskap, då är det 

bäst att välja Helsingfors enligt kriteriet z1 och z2. På andra plats kommer Obbnäs i båda 

fallen. Den genomsnittliga reaktionstiden till en olycka med ett fartyg, som seglar 15 

knop i timmen, är då ca 2,8 timmar från Helsingfors och 2,9 timmer från Obbnäs. Om 

man har tillräckligt med miljöskyddsfartyg för att ha åtminstone en i ständig beredskap i 

två olika hamnar är det bäst att välja Hangö och Sköldvik enligt z1 såsom även enligt z2 

med en genomsnittlig reaktionstid på 1,83 timmar. På andra plats kommer Obbnäs och 

Sköldvik, dock med en betydligt längre reaktionstid på 2 timmar. På motsvarande sätt 

får man med tre hamnar en reaktionstid på 1,49 timmar enligt kriteriet z1 (Hangö, 

Helsingfors och Kotka). Här ger dock z2 ett annat resultat: Hangö, Obbnäs och Sköldvik 

med en lite snabbare responstid på 1,47 timmar. För fyra respektive fem hamnar är dock 

det optimala resultatet det samma enligt z1 och z2: Hangö, Obbnäs, Sköldvik och Kotka 

(reaktionstid: 1,24 timmar) respektive Hangö, Obbnäs, Helsingfors, Sköldvik och Kotka 
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(reaktionstid: 1,19 timmar).  Alla resultat är sammanfattade i avhandlingens tabeller 12 

och 13.  

Här är det viktigt att notera att det finns stora skillnader i reaktionstider mellan att ha 

endast en hamn med ett eller flera miljöskyddsfartyg i beredskap eller att ha två: 

reaktionstiden går från 2,8 timmar till 1,83 timmar. Förkortningen av reaktionstiden är 

inte lika drastisk om man har ytterligare en hamn till (1,47 timmar med tre hamnar), och 

skillnaderna blir mindre och mindre med fyra och fem hamnar.  Dessutom krävs det att 

åtminstone två hamnar har kemikaliemiljöskyddsfartyg i beredskap för att kunna 

reagera på 6 timmar till alla kemikalieutsläpp i Finska viken.  

När det kommer till kapacitet för att kunna effektivt reagera på ett kemikalieutsläpp 

enligt HELCOMs krav, beror behovet av tilläggsfartyg på två saker, nämligen 

1) Kan kemikalier samlas upp också i tankrar avsedda för olja, såsom de som finns 

ombord på gränsbevakningens äldre patrullfartyg?  

2) Vad är storleken på de största kemikalietankfartygen som seglar i Finska viken? 

Den första frågan kan inte ens gränsbevakningen själv svara på, och förblir därför en 

öppen fråga. Dessutom visar det sig att det råder stor osäkerhet gällande vad den största 

storleksklassen av kemikalietankfartyg i Finska viken är: författarens analys visar att det 

finns enskilda kemikalietankfartyg med en bärförmåga på omkring 80 000 dödviktton 

och även några på omkring 100 000 ton. Det är dock osäkert om dessa fartyg är på 

riktigt kemikalietankfartyg, eller bara felmärkta oljetankfartyg. Om dessa inte är 

kemikalietankfartyg så är de största kemikalietankfartygen i Finska viken runt 46 000 

dödviktton.   

Om svaret p¬ fr¬ga 1 ªr òjaò, och den största tankerklassen är 46 000 dödviktton så 

behövs det inga extra miljöskyddsfartyg med kemikaliekapacitet efter att Louhi har 

insatts. Om det visar sig att man bör förbereda sig på ett utsläpp från tankfartyg med en 

bärförmåga på 80 000 dödviktton, innebär det att de två planerade 

gränsbevakningsfartygen måste sättas in och ännu efter det ytterligare ett fartyg med 

samma kapacitet som Louhi. Om utsläppet kommer från ett tankfartyg på 100 000 ton 

så behövs det ytterligare ett miljöskyddsfartyg.  
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Om man däremot inte kan samla upp kemikalier i tankrar avsedda för olja, så behövs det 

ytterligare två fartyg, utöver Louhi och gränsbevakningens kommande 

miljöskyddsfartyg, för att kunna hantera ett utsläpp från en tanker på 46 000 dödviktton.  

I fall av ett utsläpp från en tanker på 80 000 dödviktton behövs ytterligare 11 fartyg och 

hela 14 fartyg behövs om det rör sig om en tanker på 100 000 dödviktton. Siffrorna 

presenteras i avhandlingens tabell 14.  

Konkluderande diskussion 

Den konkluderande diskussionen består av FSA:s femte steg, som sammanfattar 

resultaten av de fyra första stegen i rekommendationer för beslutsfattandet. I denna 

avhandling gäller rekommendationerna först och främst huruvida miljöskyddsfartyg bör 

utrustas för att klara av att inte endast samla upp olja utan också kemikalier, samt hur 

dessa fartyg borde positioneras.   

På basis av analysen kan det inte med säkerhet sägas, hur många nya 

kemikaliemiljöskyddsfartyg som behövs i Finska viken, då detta beror på de ovan 

diskuterade, osäkra faktorerna. Antalet rör sig mellan 0 och 14 nya fartyg med samma 

kapacitet som Louhi, utöver Louhi själv och de planerade två gränsbevakningsfartygen.  

I fallet av att det inte går att samla upp kemikalier i tankrar som är avsedda för olja, 

skulle man kunna överväga att sätta in endast tankrar som tål kemikalier i de kommande 

gränsbevakningsfartygen. Därmed får man drastiskt reducerat behovet av ytterligare 

fartyg för att kunna klara av stora kemikalieutsläpp. Kostnaderna för att utrusta ett 

miljöskyddsfartyg för att hantera också kemikalier uppskattas vara från några procent av 

totalpriset till nästan hälften av det totala priset, beroende på hur det görs.  

När det gäller placeringen av miljöskyddsfartyg behövs det åtminstone två olika hamnar 

med åtminstone ett miljöskyddsfartyg i ständig beredskap för att kunna nå alla ställen av 

Finska viken under 6 timmer efter att en olycka har hänt. Beroende på om man kan ha 2, 

3, 4 eller 5 hamnar med sådana fartyg i beredskap att rycka ut, är de rekommenderade 

kombinationerna Hangö och Sköldvik (i fallet av 2 hamnar), Hangö, Obbnäs och 

Sköldvik (3 hamnar), Hangö, Obbnäs, Sköldvik och Kotka (4 hamnar) eller Hangö, 

Obbnäs, Helsingfors, Sköldvik och Kotka (5 hamnar). Det bör noteras att dessa 

beräkningar endast gäller beredskap för utryckning vid utsläpp förorsakade av kollision.  
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Grundstötningar och andra olyckor bör modelleras först för att kunna ge pålitligare 

rekommendationer.  

För tillfället går 95 % av kemikalietransporten i Finska viken via finska hamnar, och 

därför kan det anses vara tillräckligt att ha miljöskyddsfartyg, med kapacitet för 

kemikalier, endast i finska hamnar i den närmaste framtiden. Det bör dock 

rekommenderas att myndigheter i Estland och Ryssland värderar hur 

kemikalietransporten till havs kommer att utvecklas i den nära framtiden. Om det visar 

sig att det är sannolikt att stora kemikaliemängder kommer att transporteras via ryska 

och estniska hamnar i framtiden, lönar det sig för dessa länder att omvärdera sina 

nuvarande planer för miljöskyddsfartyg. Därmed blir det aktuellt att modifiera framtida 

fartyg till att också kunna klara av kemikalier.  

Det visar sig att myndigheter och den akademiska världen fokuserar sig mycket på att 

studera och minimera risker som oljetankfartygen för med sig. Däremot får 

kemikalietankfartygen mycket mindre uppmärksamhet, fast det seglar nästan 1,5 gånger 

flera kemikalietankfartyg än oljetankfartyg i Finska viken. Dessutom är några av de 

sjöburna kemikalierna giftigare än olja eller oljeprodukter. Cirka 50 % av alla 

transporterade kemikalier i Finska viken är sådana att de både flyter en tid och är 

skadliga för miljön. Därför rekommenderar författaren att likadana kriterier som 

HELCOMs kriterier för bekämpning av oljeutsläpp upprättas också för kemikalier. 

Fokus, med avseende på kemikalier och risk, ligger nu nästan endast på hur man säkert 

bör hantera enskilda kemikalier, medan ingen verkar ha överblick av helheten. 

Studiens kvalitet drabbas av bristen på tillgängliga data av faktorer såsom 

utrustningskostnader, uppsamlingsförmåga av kemikalier samt detaljerad och pålitlig 

statistik över kemikalier och kemikalietankfartyg. Dessutom har det gjorts en hel del 

förenklingar, som påverkar rekommendationerna: alla typer av olyckor, såsom 

grundstötningar och bränder, borde modelleras. För tillfället finns dock ingen modell 

som praktiskt kan tillämpas för alla tankerstorlekar, och i alla situationer, för ett så 

täckande område som Finska viken. Detta ger upphov till ett behov av vidare forskning i 

ämnet.  
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APPENDIX 1  CHEMICAL TANKER LAYOUTS   

In this section, examples of tank lay-outs and sizes of different size of chemical tankers 

are presented to give an overview to the reader. The examples are obtained from on-

line sources of the biggest chemical tanker operators in the world.   

5000 DWT chemical tanker  

As an example of a 5000 DWT ïclass chemical tanker, the Eitzen Chemical 5400 DWT 

double- hull tanker ñSilverò is taken. A figure of the tank lay-out and tank sizes is given:   

 

Figure 39    5400 DWT tanker tank lay -out and sizes (Eitzen Chemical 2011a)  

The total tank capacity at 98 % loading level is 5189.80 m3 and the biggest combination 

of 2 adjacent tanks on one side is 374.60 m3 + 343.40 m3 is 718 m3.  

 

 

 

 


