
las 
 

 
 
 

 
 
  

FLOODSTAND 
FP7-RTD- 218532 

Integrated Flooding Control and Standard for 
Stability and Crises Management 

 

FLOODSTAND-deliverable: 
 

Report on the tests of the standard in a Functioning Crises 
Management System. 
 
 
 
Authors  P. Lohrmann, P. Zagorski. 
Organisation  BMT, SSRC 
Revision  2.0 
Deliverable No.  D7.2a 
 
 
Date    27 February 2012 
 
 
 
 
 

          



FLOODSTAND Tests of standard in a Functioning Crises Management System 27.02.2012 
FP7-RTD-218532 

1 
 

Document identification sheet 
FLOODSTAND Integrated Flooding Control 

and Standard for Stability and 
Crises Management 

FP7-RTD- 218532 

Title:  
Report on the tests of the standard in a 
Functioning Crises Management System. 
 
   

Other report identifications: 
 
 

Investigating partners: BMT, SSRC 
  
Authors: P. Lohrmann, P. Zagorski 
  
Reviewed by:  
 Outline 
 Draft 
x Final 

Version number:  2.0 
Revision date:       27/02/2012 
Next version due: N/A 
Number of pages: 47 

x A deliverable 
 Part of a deliverable 
 Cover document for a part of a 

deliverable  
 Deliverable cover document 
 Other 

Deliverable number:  D7.2a 
 
Work Package:  WP7 
Deliverable due at month: 36 

Accessibility: 
x Public 
 Restricted  
 Confidential (consortium only) 
 Internal (accessibility defined for  
                 the final version) 

 

Available from: http:/floodstand.aalto.fi 
Distributed to:   
Disclosees when restricted: 
Comments: 

Abstract: 
 We demonstrate the use of the FLOODSTAND concept in the context of an onboard 
decision support system. Two real-life vessels are studied, the ‘Estonia’ and the ‘Monarch 
of the Seas’. For both vessels, we analyse the historical flooding events and we  
demonstrate how monitoring the vulnerability can help to increase the safety of the ship. 
 
 
Acknowledgements   
The research leading to these results has received funding from the European Union's Seventh Frame-
work Programme (FP7/2007-2013) under grant agreement n° 218532. The financial support is grate-
fully appreciated. 
 
Disclaimer   
Neither the European Commission nor any person acting on behalf of the FLOODSTAND Consortium 
is responsible for the use, which might be made of the following information. The views expressed in 
this report are those of the authors and do not necessarily reflect those of the European Commission 
and other members of the FLOODSTAND Consortium. 
 
Copyright © 2010 FP7 FLOODSTAND project consortium  
 
Reproduction is authorised provided the source is acknowledged 



FLOODSTAND Tests of standard in a Functioning Crises Management System 27.02.2012 
FP7-RTD-218532 

2 
 

 
CONTENTS  
       

 
CONTENTS ....................................................................................................................................... 2 
EXECUTIVE SUMMARY ................................................................................................................. 3 
1 The FLOODSTAND decision support tool ....................................................................................... 4 

1.1 Decision support ................................................................................................................ 4 
1.2 Functionality of FLOODSTAND-iSTAND ........................................................................ 6 

2 The ‘Estonia’ .............................................................................................................................. 8 
2.1 Description of the Ship ....................................................................................................... 8 
2.2 The flooding event ........................................................................................................... 10 
2.3 The VLog for the ‘Estonia’ .............................................................................................. 10 
2.4 Simulating the flooding event in FLOODSTAND-iSTAND .............................................. 14 
2.5 Results ............................................................................................................................. 15 

2.5.1 Car deck only .............................................................................................................. 15 
2.5.2 Car deck and forward crew accommodation ................................................................. 16 
2.5.3 Car deck and machinery spaces .................................................................................... 17 

3 The “Monarch of the Seas”........................................................................................................ 18 
3.1 Description of the Ship ..................................................................................................... 18 
3.2 The Flooding Event .......................................................................................................... 20 
3.3 The VLog for the ‘Monarch of the Seas’ ........................................................................... 20 
3.4 Representation in FLOODSTAND-iSTAND and Results .................................................. 21 

3.4.1 Spaces ......................................................................................................................... 22 
3.4.2 Results for the accident simulation ............................................................................... 24 
3.4.3 Results for the same scenario with open watertight doors .............................................. 24 

Conclusions ...................................................................................................................................... 29 
References ........................................................................................................................................ 30 
Appendix .......................................................................................................................................... 31 



FLOODSTAND Tests of standard in a Functioning Crises Management System 27.02.2012 
FP7-RTD-218532 

3 
 

EXECUTIVE SUMMARY 
 
In  this  deliverable,  we  demonstrate  the  use  of  the  FLOODSTAND  concept  in  the  
context of an onboard crisis management system. We use the FLOODSTAND-
iSTAND software to compute the “vulnerability” and the time to capsize for two real-
life vessels: the ‘Estonia’ and the ‘Monarch of the Seas’. 
 
We will simulate the real-life events as accurately as possible and compare the results 
to the known facts and to the analysis of the accident investigations. In particular, we 
will study the influence of the environment (i.e. the wave height) as well as the effect 
of the water tight doors. We will demonstrate how an analysis of the ship’s 
“vulnerability” before the  occurrence  of  a  flooding  can  help  reduce  the  risk  for  the  
people onboard. Moreover, we will provide examples of how operational parameters 
(in particular the status of the watertight doors) can affect the vessel’s safety. 
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1 The FLOODSTAND decision support tool 
 
 
1.1 Decision support 

 
In the case of an accident, the crew of a sea-faring vessel is faced with a crucial 
decision: stay onboard and wait for rescue or abandon ship? The former option can 
prove fatal if the ship capsizes, but abandoning ship in rough weather conditions will 
almost inevitably lead to casualties. 
 
This is where decision support tools come in – a software that can reliably analyse the 
vessel’s stability and accurately predict the time to capsize would be of great benefit 
to the crew and could literally save lives. 
 
However, in spite of the spectacular increase of computational power over recent 
years, making an accurate prediction in real-time remains a challenge. Delays can 
prove fatal, as often the decision whether or not to abandon needs to be taken within 
minutes after an accident. The capsizing events of the ‘Estonia’ (1), (2) and the 
‘Rocknes’ (3) highlight this fact; in both cases, the vessel was practically lost within 
minutes. 
 
Thus, instead of attempting to compute a ship’s residual stability after a flooding 
event has occurred, it is advantageous to constantly monitor the vessel’s 
‘vulnerability’ to potential accidents. This is the concept known as ‘Vulnerability 
Log’ or ‘VLog’ that has been implemented in the FLOODSTAND-iSTAND software 
(4), (5). 
 
The term ‘vulnerability’ denotes the probability of a vessel to capsize when subjected 
to any feasible flooding scenario. This probability depends on the ship geometry, the 
loading conditions, the effective wave height as well as operational parameters, in 
particular the status of the watertight doors. 
 
In an onboard decision support system, this vulnerability is continuously computed 
and the results are communicated to the crew. Thus the crew are enabled to estimate 
the consequences of a flooding event, even if the exact extent of the damage is not 
known.  
 
The  diagram  below  (Figure 1) shows the graphic display of the vulnerability in 
FLOODSTAND-iSTAND (the ship is the ‘Monarch of the Seas’). The coloured 
diamonds at the top indicate the survivability of individual flooding events. Green 
diamonds indicate scenarios that the vessel would survive, whereas red diamonds 
denote events that would lead to capsizing.  
The  vulnerability  is  the  weighted  sum  of  the  probabilities  for  capsizing  over  all  
feasible flooding scenarios, the weights being the probabilities for the scenarios to 
occur. 
For more information on the VLog and its underlying mathematical model, refer to 
FLOODSTAND deliverables 6.1 and 6.2. 
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Figure 1: The VLog in FLOODSTAND-iSTAND. 
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1.2 Functionality of FLOODSTAND-iSTAND  

 
The FLOODSTAND-iSTAND interface consists of windows showing the vessel’s 
GA and its status (right panel). Additional windows can be switched on with 
information like: 
 
Doors – this window shows the status of all WT Doors. On a real vessel all WT doors 
are connected to sensors. When a WT door is opened, FLOODSTAND-iSTAND 
conveys this information both on the screen and in a table. On the screen, the colour 
green indicates “closed”, red “opened”. In the demonstration platform doors can be 
opened and closed by simply double-clicking on them. This information is crucial for 
the computation of the VLog. 
 
GM Limiting curves –  this  window  contains  information  on  the  GM  intact  and  
damage limiting curves combined with the actual ship status. 
 
GZ curve – window with the vessel’s actual GZ curve. 
 
Loading Summary – window describing all weights (including liquids) on the vessel 
 
Mass Loads – this window allows the user to add mass loads on the vessel. 
 
Stability summary – this window shows all hydrostatic information for the current 
ship state. 
 
Strength chart – this window contains graphs and information on shearing forces, 
bending moments, sagging moments, hogging moments and as well weight 
distribution and buoyancy distribution. 
 
Tanks/Compartments –  this  window/table  allows  the  user  to  view  all  the  
information available on all compartments. In this window one can define damage for 
a  rooms or fill it with liquids (tanks). This can also be done by double-clicking on a 
compartment in the GA. One can choose from external damage, internal flooding or 
just fill the tank by percentage or tons of liquid. 
 
VLog – as described in the previous chapter. The VLog status is shown in two places, 
as a timeline (purple graph) and as a number on the right panel. 
 
 
 
 
The right panel contains the following information: 
 
Stability – Heel, Trim, Hull Deflection, Deadweight, Displacement, GM Correction, 
Fluid GM, Required GM. 
 
Environment - External Water Density, Wave Height 
 
Status Assessment - Survival Time, Evacuation Time 
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Vulnerability Log – showing current VLog, Date and when VLog was last updated. 
 
The Vulnerability Log is hereby proposed as the functionality to inform the crew at all 
times on the instantaneous vulnerability state of the vessel, considering its actual 
loading conditions, the environmental conditions and the actual watertight integrity 
conditions. The VLog is automatically updated every hour and it needs to be updated 
manually  after  a  WT  Doors  has  been  opened,  after  environment  change,  after  a  
loading change and in the case of flooding. 
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2 The ‘Estonia’  
 

2.1 Description of the Ship 
The technical details of the ‘Estonia’ are available in the accident report (1). For the 
reader’s convenience, we summarise the description of the vessel below. 
 
Year of build (keel laid): 1979 
Tonnage: 15,566 GRT 
Length 157 m 
Beam: 24 m 
Draught: 5.6 m 
Decks: 9 
Propulsion power (at time of accident): 17,600 kW 
Crew (at time of accident): 186 
Passengers (at time of accident): 803 
 
 
The General Arrangement of the Estonia is shown in Figure 2. 
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Figure 2: General Arrangement of the 'Estonia' taken from the NAPA model 

 
 
 
 
 
 



FLOODSTAND Tests of standard in a Functioning Crises Management System 27.02.2012 
FP7-RTD-218532 

10 
 

2.2 The flooding event 
On 28 September 1994, the ‘Estonia’ sailed on her normal route from Tallinn, Estonia 
to Stockholm, Sweden. She carried 803 passengers and a crew of 186. 
At about 1.15am the visor separated from the bow, leaving the car deck practically 
open to the sea. Due to the inflow of water, the vessel almost immediately took on a 
heavy starboard list. The waves now reached up to the accommodation deck and their 
impact broke the aft windows on decks 4 and 5. As a consequence, these decks were 
rapidly flooded. By 1.30am, the ‘Estonia’ had developed a list of more than 90 
degrees, and by 1.50am she had disappeared from the radar screens. In total, 852 
people lost their lives in the disaster. 
For further details of the accident and the following investigation, refer to (1). 
 
 
 

2.3 The VLog for the ‘Estonia’ 
 

For the simulations in FLOODSTAND-iSTAND, we will use the following settings: 
 
Draught (aft):  5.61m 
Draught (fore): 5.17m 
KG:    10.62m 
 
These figures were also used in the SSPA investigation. The model of the (intact) 
‘Estonia’ in FLOODSTAND-iSTAND is shown in (Figure 3). 
 
In  order  to  demonstrate  the  functionality  of  the  decision  support  system,  we  will  
analyse both the intact vessel and for a number of flooding scenarios. For each of 
these scenarios, we will compute the vulnerability1 of the ship.  
 
For the intact vessel with all WTD closed, we obtain a vulnerability of 19% (Figure 3). 
With two doors open, this value increases to 22.5% (Figure  4),  and  with  three  doors  
open it increases to 26.8% (Figure  5). This highlights the fact that the status of 
individual watertight doors can have a significant influence on the risk to the ship as a 
whole. 
 
The results for the flooding scenarios are given in the next sections. 
 

                                                        
1 Note that the vulnerability was defined in Section 1.1 as the probability of capsizing for an intact ship 
that is subjected to a flooding event. This definition can naturally be extended to a damaged vessel; in 
this case the vulnerability is the probability of capsizing if the ship suffers any further damage. 
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Figure 3: Estonia in FLOODSTAND-iSTAND. Ship at departure, all WT doors closed, se state 0 m, vulnerability 19.0 %, Survival Time 10 h, Evacuation Time 58 m 19 s 
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Figure 4: The 'Estonia' with two WTD open (marked in red); vulnerability 22.5% 
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Figure 5: The 'Estonia' with three WTD open (marked in red); vulnerability 26.8%
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2.4 Simulating the flooding event in FLOODSTAND-iSTAND 
 
We have run the following sequence of simulations:  
 

- Only car deck flooded: The car deck is open to the sea, but no other 
compartments are flooded (this scenario might have occurred if the doors and 
windows on the accommodation decks had withstood the wave impact). We 
simulate this scenario for a range of wave heights. 

- Car deck and accommodation decks flooded: We assume that the car deck 
is open to the sea and that in addition parts of the accommodation decks below 
are internally flooded. According to the accident investigation, this is what 
happened on the ‘Estonia’. We test this scenario for different spaces and wave 
heights. The detailed damage is shown in tables: 

 
 
Scenario 1 

Flooded compartment: Purpose of space 
R300 Car deck 
R1121 Crew accommodation 
R1221 Crew accommodation 
 
 
 
Scenario 2 – Additional compartments flooded 
Flooded compartment: Purpose of space 
R300 Car deck 
R1121 Crew accommodation 
R1221 Crew accommodation 
R1111 Miscellaneous 
R1014 Machinery Space 
R1021 Passenger Cabin 
R1121 Passenger Cabin 
 
 
 
 
 
 
Car deck and machinery spaces flooded (Scenario 3): For completeness, we 
consider the scenario in which the car deck is open to the sea and the machinery 
spaces are internally flooded. Yet again, we run the simulation for different wave 
heights. 
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Scenario 3 
Flooded compartments: Purpose of space 
R300 Car deck 
R509 Void Space 
R609 Void Space 
R511 HFO Tank 
R512 HFO Tank 
R605 Lub. Oil Tank 
R521 Miscellaneous 
R519 Machinery Space 
R611 Machinery Space 
 

 
The details of the simulations are documented by screenshots reproduced in the 
Appendix (Figure 25-Figure 27). 
 
 
 

 
2.5 Results 

 
The results of the simulations are displayed in the following tables. 
 
 

2.5.1 Car deck only 
 
As explained above, we assume that the car deck is open to the sea, but no other 
compartments are flooded. We compute the vulnerability and the time to capsize for 
various wave heights. Screenshots of the corresponding simulations are given in the 
Appendix (Figure 12-Figure 14). 
 
 

Effective Wave 
Height (m) 

Time to capsize 
(hh:mm:ss) 

Vulnerability (%) Capsizing 
(Y/N) 

0 10:00:00 18.8 N 
1 10:00:00 25.9 N 
2 10:00:00 35.7 N 
3 10:00:00 43.9 N 
4 10:00:00 45.2 N 
5 10:00:00 45.3 N 
6 00:05:52 99.2 Y 

 
 
These results highlight the significant influence of the wave height on the 
survivability of the ship. In particular, the vessel would have survived a flooding of 
the car deck only, assuming that the wave height would have been no larger than 5m. 
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2.5.2 Car deck and forward crew accommodation 
 
In this scenario, we assume that the car deck is open to the sea and that the forward 
area of the accommodation deck below is internally flooded (Scenarios 1 and 2). The 
flooded spaces are marked blue in the corresponding screenshots in the Appendix 
(Figure 15-Figure 24). 
 
 

Scenario Wave 
height (m) 

Time to 
capsize 

(hh:mm:ss) 

Vulnerability 
(%) 

Capsizing 
(Y/N) 

Forward cabins – 
Scenario1 

0 10:00:00 50.6 N 

Forward cabins - 
Scenario 1 

1 10:00:00 60.8 N 

Forward cabins - 
Scenario 1 

2 10:00:00 67.6 N 

Forward cabins - 
Scenario 1 

3 10:00:00 72.7 N 

Forward cabins - 
Scenario 1 

4 10:00:00 83.3 N 

Forward cabins - 
Scenario 1 

5 10:00:00 96.7 N 

Forward cabins – 
Scenario 1 

6 00:02:00 100 Y 

 
 
 
 
 
 
Scenario Wave 

height (m) 
Survival  
Time 

Vulnerability 
(%) 

Capsizing 
(Y/N) 

Forward cabins-
Scenario 2 

0 10:00:00 83.3 N 

Forward cabins-
Scenario 2 

1 10:00:00 96.7 N 

Forward cabins-
Scenario 2 

2 00:02:00 100 Y 

 
 
The vessel is extremely vulnerable in these scenarios. A wave height of 5m leads to 
capsizing even if only a small part of the accommodation deck is flooded. A slightly 
larger flooded area (Scenario 2) even leads to capsizing at a wave height of 4m. 
According to (1), this is what happened on the ‘Estonia’. 
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2.5.3 Car deck and machinery spaces 
 
For the sake of completeness, we study the scenario in which the car deck is open to 
the sea and the machinery spaces are flooded. In this setting, the ship is lost at a wave 
height of only 2m. For more details, refer to the Appendix (Figure 25-Figure 27). 
 
 
Scenario Wave height 

(m) 
Vulnerability 
(%) 

Capsizing (Y/N) 

Car deck and mach. 
Spaces 

0 57.3 N 

Car deck and mach. 
Spaces 

1 68.1 N 

Car deck and mach. 
Spaces 

2 93.6 Y 
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3 The “Monarch of the Seas” 
 

 
 

3.1 Description of the Ship 
 
For the reader’s convenience, we provide some technical information on MS 
“Monarch of the Seas”. This data is available from the accident report (6). 
 
 
Owner: Royal Caribbean International 
Home port (at time of accident): Oslo, Norway 
IMO no.: 8819500 
Year of build (keel laid): 1989 
Compartments: 2 
Tonnage: 73,937 grt 
Length 268m 
Beam: 32.2m 
Draught: 7.65m 
Decks: 12 
Propulsion power (at time of accident): 20,490kW 
Crew (at time of accident): 831 
Passengers (at time of accident): 2,557 
 
 
The following diagram (Figure 6) shows the General Arrangement of the “Monarch of 
the Seas”, in particular the Double Bottom and Deck 0, which were affected during 
the flooding event. 
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Figure 6: General Arrangement of the 'Monarch of the Seas' 
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3.2 The Flooding Event 
 
The following is a brief summary of the grounding of the “Monarch of the Seas” off 
St. Maarten and the ensuing flooding of parts of the vessel. More details can be found 
in the accident report (6). 
 
On 15 December 1998, the “Monarch of the Seas” evacuated a sick passenger at Great 
Bay, St. Maarten, the Netherlands Antilles. At 1:25AM the vessel departed the bay on 
a South-Southeasterly course along the east of the Proselyte reef. Shortly thereafter, 
the ship grazed the reef without becoming stranded, tearing a 40 by 2 metres opening 
into the starboard hull. As the “Monarch” started taking in considerable amounts of 
water, the master decided to intentionally ground her in a nearby sandbar. Over the 
next few hours, all passengers were evacuated. Some minor injuries occurred, but no 
lives were lost. There was, however, severe damage to the vessel and some minor 
pollution. 
 
The investigators concluded that the grounding was due to human error. In particular, 
the master and his crew failed to check the vessel’s position relative to the reef and to 
adhere to existing safety procedures for leaving a port.   
 
 
 

3.3 The VLog for the ‘Monarch of the Seas’ 
 

As for the ‘Estonia’ in the previous chapter, we compute the vulnerability of the 
‘Monarch of the Seas’, both for the intact ship and for the partially flooded scenario 
that was the consequence of the accident. 
 
As for the intact ship, Figure 8 shows the ‘Monarch of the Seas’ with all WTD closed, 
whereas Figure 9 represents the ship with WTD 10 open (the status at the time of the 
accident according to (6)). The values of the vulnerability are 21.0% and 22.6%, 
respectively. While this difference is not large, it should be noted that the opening of a 
single WTD can noticeably increase the vessel’s risk for capsizing. 
 
The flooding scenario (with WTD 10 open) will be presented in the next sections. 
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3.4 Representation in FLOODSTAND-iSTAND and Results 
 
The main challenge in this task is to identify the exact spaces that were affected 
during the flooding event. It appears that the list of spaces for which water ingress 
was found that is given in the accident report is inaccurate and hence the exact 
flooding scenario could not be identified. Instead, it was decided to use the diagram 
on page 36 of the report (reproduced below) in combination with the General 
Arrangement (Figure  6) to identify the flooded spaces. To this end, two simulations 
have been performed with a slightly different setup of flooded spaces, both of which 
are compatible with flooding diagram (Figure 7). 
 
For the first test, all starboard double bottom compartments were set open to sea. For 
the second, a fewer number of these compartments was set open to sea. The detailed 
description of damaged compartments is given in the tables below. 
 
 

 
Figure 7: The flooded spaces of the 'Monarch of the Seas' according to the accident report 
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3.4.1 Spaces 
 
In a first test, we used set the flooding up as described in the following table. 
 
 
Space identifier in iSTAND Purpose of Space External Damage (E) or 

Internal Flooding (I) 
T6020 Ballast water E 
T7011 Void E 
T7021 Void E 
T7012 Machinery Space I 
T2022 Fresh Water I 
T2132 Fresh Water I 
T2232 Fresh Water E 
GW2  Gray Water I 
T7022 Machinery Space E 
BW2  Gray Water I 
T7052 Void I 
GW1 Gray Water I 
BW1 Gray Water I 
T2012 Fresh Water I 
GW3 Gray Water I 
BW3 Gray Water I 
T7043 Void E 
T6104 Ballast Water E 
T6204 Ballast Water E 
T7053 Void I 
T6114 Ballast Water E 
T6214 Ballast Water E 
T6124 Ballast Water I 
T6224 Ballast Water I 
T1005 Heavy Fuel Oil E 
T1135 Miscellaneous E 
T7055 Miscellaneous E 
T6115 Ballast Water I 
T6215 Ballast Water I 
T0145 Diesel Oil I 
T0245 Diesel Oil E 
T0155 Diesel Oil E 
T0255 Diesel Oil E 
T6205 Ballast Water E 
T6105 Ballast Water I 
T6125 Ballast Water I 
T6225 Ballast Water I 
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In a second test, slightly fewer spaces were subjected to flooding: 
 
Space identifier in iSTAND Purpose of Space External Damage (E) or 

Internal Flooding (I) 
T6020 Ballast water E 
T7011 Void E 
T7021 Void E 
T7012 Machinery Space I 
T2022 Fresh Water I 
T2232 Fresh Water E 
T7022 Machinery Space E 
T7052 Void I 
GW1 Gray Water I 
BW1 Gray Water I 
T2012 Fresh Water I 
GW3 Gray Water I 
BW3 Gray Water I 
T7043 Void E 
T6104 Ballast Water E 
T6204 Ballast Water E 
T7053 Void I 
T6114 Ballast Water E 
T6214 Ballast Water E 
T1005 Heavy Fuel Oil E 
T1135 Miscellaneous E 
T7055 Miscellaneous E 
T0145 Diesel Oil I 
T0245 Diesel Oil E 
T0155 Diesel Oil E 
T0255 Diesel Oil E 
T6205 Ballast Water E 
T6105 Ballast Water I 
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3.4.2 Results for the accident simulation 
 
The screenshot on the next page shows the setup of the flooding event in iSTAND. 
The simulation produced the following results: 
 
First test: 
Survival Time: 10 hours 
Heel angle: 1.46° 
Trim angle: 2.25° 
Vulnerability: 45.6% 
 
Second test: 
Survival Time: 10 hours 
Heel angle: 1.46° 
Trim angle: 2.25° 
Vulnerability: 45.6% 
 
Both tests produce the same results. In particular, FLOODSTAND-iSTAND predicts 
that the vessel would have survived, given that no further flooding occurred. 
Countermeasures taken by the crew (like welding steel plates into some staircases to 
prevent further flooding) are not taken into account. 
 
 

3.4.3 Results for the same scenario with open watertight doors 
 
The first test was repeated with all WTDs set to open (Figure 11). From an operational 
point of view, this constitutes the worst-case scenario. The results are as follows: 
 
Survival Time: 10 hours 
Heel angle: 1.46 
Trim angle: 2.25 
Vulnerability: 67.9% 
 
Note that the vulnerability has significantly increased by more than 20%. This 
highlights the influence that operational parameters (in this case the status of the 
watertight  doors)  have  on  the  safety  of  the  vessel.  A  monitoring  of  the  ship’s  
vulnerability thus allows the crew to make appropriate decisions (for example reduce 
speed or close all WTDs) before an accident occurs, helping to reduce the risk of the 
ship being lost. 
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Figure 8: Representation of the intact 'Monarch of the Seas', all WTD closed; vulnerability is 21% 
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Figure 9: Representation of the intact 'Monarch of the Seas', WTD 10 open; vulnerability is 22.6% 
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Figure 10: The 'Monarch of the Seas' in iSTAND (calculation running) 
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Figure 11: The 'Monarch of the Seas' - water tight doors open
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Conclusions 
 
We have demonstrated the concept of FLOODSTAND-iSTAND as a crisis 
management system on two real-life flooding scenarios. 
 
As for the ‘Estonia’, a range of different scenarios was considered. It was found that 
the ship could have survived in the given conditions (4m wave height) if only the car 
deck had been flooded (i.e. if the windows and doors aft of deck 4 and 5 had not 
broken). This is in agreement with the results of the accident investigation. 
 
In addition, we found that a partial flooding of the decks below the car deck 
(accommodation area or machinery spaces) would inevitably have led to capsizing. 
With a sufficiently large area flooded, the vessel would not even have survived in a 
relatively small wave height of 2m. 
 
As for the ‘Monarch of the Seas’, we have found that the vessel would have stayed 
afloat in spite of the damage and the flooding. As the ship was intentionally grounded 
for safety reasons, this was never put to the test; however, it is also the conclusion 
reached by the accident investigation, hence this result is deemed satisfactory.  
 
For both ships, we have computed the vulnerability for several different scenarios and 
demonstrated what a significant influence the status of the watertight doors has on the 
vulnerability of the vessel. The FLOODSTAND-iSTAND software allows the crew to 
continuously monitor this quantity and thus enables them to estimate how big the risk 
to the ship is at any given time. In this way, the risk can be reduced by taking 
appropriate operational decisions (for example to reduce speed or to close watertight 
doors) before a flooding occurs. 
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Appendix 
 
Screenshots of the simulations for the ‘Estonia’ are represented below. 



FLOODSTAND Tests of standard in a Functioning Crises Management System 27.02.2012 
FP7-RTD-218532 

32 
 

 
Figure 12: Car deck only flooded, calm water 
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Figure 13: Car deck only flooded, wave height 5m 
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Figure 14: Car deck only flooded, wave height 6m 
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Figure 15: Flooding of forward cabin area (Scenario 1), calm water 
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Figure 16: Flooding of forward cabin area (Scenario 1), 1m wave height 
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Figure 17: Flooding of forward cabin area (Scenario 1), wave height 2m 
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Figure 18: Flooding of forward cabin area (Scenario 1), wave height 3m 



FLOODSTAND Tests of standard in a Functioning Crises Management System 27.02.2012 
FP7-RTD-218532 

39 
 

 
Figure 19: Flooding of forward cabin area (Scenario 1), wave height 4m 
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Figure 20: Flooding of forward cabin area (Scenario 1), wave height 5m 
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Figure 21: Flooding of forward cabin area (Scenario 1), wave height 6m 
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Figure 22: Flooding of forward cabin area (Scenario 2), calm water 
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Figure 23: Flooding of forward cabin area (Scenario 2), wave height 1m 
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Figure 24: Flooding of forward cabin area (Scenario 2), wave height 2m 
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Figure 25: Car deck and machinery spaces flooded (Scenario 3), calm water 
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Figure 26: Car deck and machinery spaces flooded (Scenario 3), wave height 1m 
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Figure 27: Car deck and machinery spaces flooded (Scenario 3), wave height 2m 
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