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Subjects: 

Á Causes 

Á Corrosive residues & contamination 

Á Actions 
 

Á Secondary damage 

Á Evaluation 

Á Fire theory 

Á Extinguishing theory 

 
Á Casestudy: Engine Room Fire Damage 
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Á Introduction BELFOR Technology 



www.belfor.com © 2011, BELFOR Europe 3 3 

  

  

3 

Bremen, November 19th, 2014 
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Our business has a history 
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• BELFOR has executed a large number of projects on ships in Europe but also to a 

large extent in Asia, Canada and the United States 

• 1980: COROCOR 

• 1989: Recontec BV 

• 2001: Relectronic-Remech BV 

• 2003: Recontec as part of BELFOR NL 

 

• 2014:  BELFOR Technology  
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We service the whole lifecycle: from cradle to grave 
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New building – Condition Based Maintenance 
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ü Inherent potential risks related to the  

     installing of electronic devices during  

     construction activities. 

 

ü BELFOR Technology specializes in  

     assessing of contamination related 

     risks. 

 

üWe offer solutions to solve such 

     problems and make sure your new  

     build is really new. 



www.belfor.com © 2011, BELFOR Europe 

During operation – Condition Based Maintenance 
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ü Circumstances of a sea-going vessel  

     during life far from ideal. 

 

ü Considerable variations in temperature,  

     humidity & salinity. 

 

ü Resulting in negative effects on the  

     functioning of equipment. 

 

ü Condition assessment followed by  

     thorough decontamination, increase  

     equipment reliability.   
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Damage – Advice and Solutions 
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ü Profound Solutions 

ü Necessary chemicals wherever,  

      whenever required 24/7. 

ü  Dealing with damage limitation,  

      preservation  & decontamination. 

ü Detailed Advices 
ü Relevant measurements  

ü Relating to direct measures 

ü Required degree of disassembly of  

      equipment  

ü Decontamination processes. 
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Retirement - Green Ship recycling 
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üDismantling of ‘retired’ vessel will be 

carried out by using the guideline 

‘Inventory of Hazardous Material’ 

 

üBELFOR Technology can provide this 

inventory long before retirement is in 

sight! 



www.belfor.com © 2011, BELFOR Europe 

BELFOR’s services are comprehensive. 

With you and around the world. 
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ü Global partner:  

24/7 days, worldwide coverage 

ü Partners: 

Manufacturers, Surveyors, 

Ship owners, Shipyards, 

salvage companies 

ü Total Operational Performance 

(TOP): Project management, 

Guiding /Supervision of local 

staff, working with standards  - 

JST-D001E and ISM 

ü Corporate Social 

Responsibility: Labor law, 

environment, training, safety 

BELFOR organization BELFOR projects 
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BELFOR – Your global partner in disaster recovery 
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ü Implement effective 
structural fire protection 
measures 

ü Emergency response 

program: 

RED ALERT­ 

ü Water damage 
restoration 

ü Fire damage restoration 
ü Contents restoration 
ü Mold remediation 
ü Structure and property 

restoration 
ü Structural 

dehumidification 
ü Document and data 

recovery 
ü Immediate Measures 

 

ü Machinery restoration 
ü Electronics restoration 
ü Develop tailored industry 

solutions (e. g. for marine 
and offshore, semi-
conductor technology 
and clean-room 
applications) 

ü Research and 
development center 

ü Damage analyses 
ü Development of new 

restoration methods 
ü Training activities 
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Problems of Corrosion following Fire or Water Ingress 
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A small impression! 
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 Fire & (sea-)Water damages: 

  Primary damage        = permanent 
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 Fire & (sea-)Water damages: 

 Secondary damage    = temporary 
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  Burn area    Ą heat, pressure, smoke, soot 

  Closed Compartment  Ą circulation & penetration of 

         contamination 

 

Sediment & Condensation of corrosive residues Ą  cold surfaces 

Fire theory: 
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Removal of combustible material 

Stop air supply (suffocation) 

Temperature reduction (cooling) 

Catching of “free radicals” 

Extinguishing theory 

17 
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Á “free radical” Ą atom of molecule with “free” electron (H2 or OH) 

Á extremely reactive Ą(hydrogen or hydroxyl) Ą result of combustion 

Á Bind “free radicals” and form non decomposable molecules 

Á Halogens (F, Cl, Br a.o.) + “free radicals”   

            Ą  STOP combustion  

  =  START corrosion 
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Residues of extinguishing 

Residue of combustion 

Residues of flooding 

Causes of secondary damage: 

19 
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soot = contamination 

= electrically conductive 

= corrosive 

 residues of: combustion 

  extinguishing 

  flooding 
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Fluorinated & Chlorinated solvents  Ą Chlorine (Cl) 

Ą Fluorine (F) 

 residues of: combustion 

  extinguishing 

  flooding 
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Cooling: 

       

(sea) water & steam 

chalk, H2O, chloride 

 residues of: combustion 

  extinguishing 

  flooding 
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Cooling: 

       

(sea) water & steam 

chalk, H2O, chloride 

 residues of: combustion 

  extinguishing 

  flooding 

Suffocation:   

  

CO2  

no residue, 

condense 

Combination:   

 

Extinguishing powder

   

powder (abrasive) 

electrically conductive 

+ heat  >>>>> ammonium-phosphate 

   & 

    ammonium-sulphate 

23 
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üinert gas-systems 

       (Inergen, Argonite etc.) 

üchemical gas-systems  

       (FM200, FE13, PFC410, Halotron IIB) 

üsprinkler-systems 

üwater-fog-systems 

ühigh & medium-expansion foam-systems 

üExtinguishing powder-systems 

üAerosol-systems 

  

 residues of: combustion 

  extinguishing 

  flooding 

Replacement for halon 

24 
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(sea-)water 

mud 

salt (chlorides) 

  

 residues of : combustion 

  extinguishing 

  flooding 
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Case-study:  

Engine Room Fire Damage 
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ü Meeting fleet-manager & undersigned at Lloyd’s seminar June   

    2009 London 

üPresentation at premises of ship-owner beginning 2010 

ü March 2010, Engine room fire off Indian Coast 

ü Owners / insurance appointed salvors for extinguishing, salvage  

    and towage towards Persian Gulf 

ü Undersigned was contacted in succession by owners, insurer   

    and salvors     

ü Provision of verbal advise referring to preservation of   

    equipment and machinery 

ü End of April, project manager and supervisor boarded vessel 

    at Jebel Ali 

“Foreplay”: 
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1st ACTION: 

Visual Inspection 
 

ü seat of fire & adjacent area’s 



www.belfor.com © 2011, BELFOR Europe 29 

1st ACTION: 

Visual Inspection 
 

ü seat of fire & adjacent area’s 

ü switch-panels & equipment  

 in- & externally 
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1st ACTION: 

Visual Inspection 
 

ü seat of fire & adjacent area’s 

ü switch-panels & equipment  

 in- & externally 

ü engines, turbo chargers, generator 

 in- &  externally 

ü insulation material 

ü air ducts, air conditioning 

 in- &externally 

ü Spare parts, store & tools 
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2nd ACTION: 
HCl-tests 

•When PVC’s burns or melts, chlorine can be set free. In a humid environment this chlorine (CL) 

reacts with the humid air to HCl . 

•This is hydrochloric acid which is extremely corrosive and will attack unprotected steel (metal) 

parts. Even stainless steel is sensitive to the hydrochloric acid and will start to corrode.  

•The presence of humid air is essential for this corrosion. Due to the environment the vessel is 

located in, and the huge temperature fluctuations caused by fire (causing condensation), the humid 

air normally is present. If chlorine is set free and the corrosive process has started it can be 

stopped by either removing the chlorines (decontamination), removing the humid air 

(dehumidification) or removing the oxygen. The corrosion process comes to a stop below 35% 

humidity. 

•If no action is taken, during the corrosion process, new HCl will be formed and the corrosion 

process will be ongoing and result in pit corrosion!  

Fe + 2HCl → FeCl2 + H2 

FeCl2 + 2H2O → Fe(OH)2 + 2HCl 

4Fe(OH)2 + O2 → 4FeO(OH) + 2H2O 

2FeO(OH) → Fe2O3 (corrosion product) + H2O 
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2nd ACTION: 

HCl-tests 
 

ü reference test in unaffected area 
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2nd ACTION: 

HCl-tests 
 

ü reference test in unaffected area 

ü seat of fire, adjacent area’s, stores 

ü switch-panels & equipment  

 in- & externally 
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2nd ACTION: 

HCl-tests 
 

ü reference test in unaffected area 

ü seat of fire, adjacent area’s, stores 

ü switch-panels & equipment  

 in- & externally 

ü machinery, spare parts, store & tools 

ü air ducts, air conditioning 

 in- &externally 
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3rd ACTION: 

Report (“plan of actions”) 
 

ü observations 

ü test results 

ü conclusions 

ü recommendations 

ü general remarks 
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4th ACTION: 

“First Aid” 
 

ü sampling & analyses lubricating oil,   

    insulation material 

ü preservation of equipment, spare parts &  

    machinery 
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“First Aid” 
 

ü sampling & analyses lubricating oil,   

     insulation material 

ü preservation of equipment, spare parts 

& machinery  

ü inventory & evacuation of tools & spares 

4th ACTION: 
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5th ACTION: 

Mobilisation forces, equipment, material etc. 

 
ü 1 projectmanager BELFOR Technology 

ü 1 supervisor BELFOR Technology 

ü 4 technicians DeHaDe 

ü 2 technicians BELFOR Technology 

ü 1 technician generator cleaning 

ü 2 team leaders BELFOR 

ü Approx. 50 cleaners ASRY  
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5th ACTION: 

Mobilisation forces, equipment, material etc. 

 
ü 1 projectmanager BELFOR Technology 

ü 1 supervisor BELFOR Technology 

ü 4 technicians DeHaDe 

ü 2 technicians BELFOR Technology 

ü 1 technician generator cleaning 

ü 2 team leaders BELFOR 

ü Approx. 50 cleaners ASRY  

ü cleaning production lines electronics 

ü vacuum ovens 

ü ultrasonic cleaning line (bare metal parts) 
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6st ACTION: 

Set up local workshop 
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7th ACTION: 

Restoration electrics & electronics 

 
ü disassembly (partly) in cooperation with manufacturer   

   (Terasaki) 
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Restoration electrics & electronics 

 
ü disassembly (partly) in cooperation with manufacturer   

   (Terasaki) 

ü transport towards workshop ashore 

7th ACTION: 
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7th ACTION: 

Restoration electrics & electronics 
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ü detailed disassembly & decontamination 
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7th ACTION: 

Restoration electrics & electronics 

 
ü disassembly (partly) in cooperation with manufacturer   

   (Terasaki) 

ü transport towards workshop ashore 
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Restoration electrics & electronics 

 
ü disassembly (partly) in cooperation with manufacturer   

   (Terasaki) 

ü transport towards workshop ashore 

ü detailed disassembly & decontamination 

ü decontamination equipment on board 

ü return decontaminated parts, re-assembly & protection 

7th ACTION: 
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8th ACTION: 

Restoration machinery, spare parts & tools 

 
ü disconnection and removal  

ü transport ashore towards temporary workshop 

ü detailed disassembly  
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8th ACTION: 

Restoration machinery, spare parts & tools 

 
ü disconnection and removal  

ü transport ashore towards temporary workshop 

ü detailed disassembly  

ü manual decontamination & rust removal of large engine parts 
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8th ACTION: 

Restoration machinery, spare parts & tools 

 
ü disconnection and removal  

ü transport ashore towards temporary workshop 

ü detailed disassembly  

ü manual decontamination & rust removal larger engine parts 

ü ultrasonic decontamination & rust removal spare parts & tools 
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8th ACTION: 

Restoration machinery, spare parts & tools 
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8th ACTION: 

Restoration machinery, spare parts & tools 

 
ü disconnection and removal  

ü transport ashore towards temporary workshop 

ü detailed disassembly  

ü manual decontamination & rust removal larger engine parts 

ü ultrasonic decontamination & rust removal spare parts & tools 

ü return decontaminated parts, re-assembly & protection 
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9th ACTION: 

Decontamination of casco 

 
ü parallel with previous action 
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Intermediate, progress update & financial reports 

 
ü continuous ongoing throughout the project 

10th ACTION: 
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Evaluation 

Relevant information 

 
ü Shipyard lacks the knowledge referring to fire or water damage restoration /   

    decontamination related to machinery, electrics and electronic devices. 

ü Shipyard lacks knowledge and ability generator decontamination on site. 

ü No infrastructure related to repairs of switchboards, equipment or machinery, 

meaning: everything has to be transported towards suppliers abroad resulting in extra 

time 2 to 3 weeks. 

ü Replacement of e.g. Main Switch Board would have taken: Ñ 3 month!!! 

ü Estimated momentary value of the vessel:   Ñ $ 15.000.000 

ü Initially estimated costs of repairs and replacement: Ñ $ 15.000.000 

ü Estimated value of spare parts on board:   Ñ $      500.000 

ü Estimated costs decontamination 3 generators ashore:  Ñ $        50.000 



www.belfor.com © 2011, BELFOR Europe 63 

Evaluation 

Results: 

 
ü BELFOR Technology saved the spare parts by decontamination and rust removal. 

ü Turnaround of restoration of electric and electronic engine room devices), spare parts,   

    engine room machinery:     Ñ 6 weeks!!! 

ü Main switchboard available for testing and repair after:  Ñ 6 weeks!!! 

ü Total costs activities BELFOR Technology:   Ñ $ 350.000 

ü Decontamination of 3 generators on board:  Ñ $   15.000 
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Evaluation 

Conclusion:  

 
ü The profound performance of actions from extinguishing, salvage, preservation, 

restoration and repairs was shortened by approximately 3 to 4 weeks, meaning 

substantial reduction of L.O.H. 

ü A demonstrable reduction of the costs of repairs by at least $ 200.000 due to the on 

site decontamination of generators and saving the spares. 

ü Considerable reduction of the costs related to repairs and replacement of electric and 

electronic devices, machinery and installation. 
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QUESTIONS? 
65 

Resume: 

Speed - Time - 24/7 Availability – Knowledge 

Condition Assessment Team:   - Surveyor 

     - Superintendent 

     - Engine specialist 

     - Electrician  

     - Salvage/restoration specialist 
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Problems of Corrosion following Fire & Water Ingress 

For inquiries: 

  

 

Ton van den Broek 

ton.vandenbroek@belfor-technology.nl 

Phone: +49 (40) 7610550 

Mob.: +31 (6) 51994522 

www.belfor.technology.nl 



www.belfor.com © 2011, BELFOR Europe 72 


