
Attachment to Risk Assessment report

Optical combustion chamber and high speed LED

	Project name
	Soot extinction validation

	Apparatus
	Optical combustion chamber and high speed LED

	Unit
	EPT

	Equipment manager
	Bård Brandåstrø

	Project leader
	Terese Løvås			

	HSE coordinator
	Morten Grønli

	HSE responsible (linjeleder)
	Olav Bolland

	Location
	Basement, Thermal Laboratory

	Room number
	C087-C088	

	Risk assessment performed by
	Mathias S. Olsen, in cooperation with Bård Brandåstrø	Comment by Mathias S. Olsen: Change later probably
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Attachment A: Process and instrumentation diagram4
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	1
	Heating elements

	2
	Thermocouple

	3
	Dynamic pressure sensor

	4
	Fuel injection system

	5
	Injector 

	6
	Chamber

	7
	Camera

	8
	Fresnel lens

	9
	LED and lens

	10
	20V supply

	11
	8V supply

	12
	Signal generator

	13
	Scope

	14
	Shaft encoder

	15
	Engine case

	16
	Flywheel

	17
	Generator

	18
	Protection screen over pressure chamber

	19 
	Flywheel guard

	20
	Airbox for flow measurements

	*
	[bookmark: _GoBack]Transparent windows on either side of combustion chamber
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Attachment B: HAZOP template
	Project:      
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	Page


	

	Ref
	Guideword
	Causes
	Consequences
	Safeguards
	Recommendations
	Action
	Date/Sign

	
	Excessive vibrations
	Loose mounting points
	Engine damage
	Tighten all fixation points
	Torque bolts to their specified strain
	Safety goggles on
	

	
	Excessive blow-by
	Worn piston rings
	Low compression ratio, and no combustion
	Change rings
	Apply lubricant and inspect engine for further ware
	Safety goggles on
	

	
	Low compression ratio
	Blow-by, leaks, temperature and engine geometry 
	No combustion
	Mount head throat
	Ensure all bolt are tighten to specs, inspect seals and ensure proper use.
	Safety goggles on
	


	
	No flow	Comment by Mathias S. Olsen: All below this is copied from the momentum rig.
	Pump not working
	No rail pressure
	Check regulators
	Pump valve closed when regulator turned on.
	Safety goggles on
	

	
	No flow
	Fuel consumed
	No rail pressure
	Re-fill
	No high temperature source nearby
	Fire extinguisher
	

	
	Fuel leak
	Fuel lines loose
	Fuel spillage at pressure, slip surface
	Tighten fittings before testing
	Check fuel lines before testing
	Fuel absorbent material for spills
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[bookmark: _Toc364758633]Attachment C:  TEST CERTIFICATE FOR LOCAL PRESSURE TESTING	Comment by Mathias S. Olsen: What should I do here?
	Trykkpåkjent utstyr:
	

	Benyttes i rigg:
	

	Design trykk for utstyr (bara):
	

	Maksimum tillatt trykk (bara):	
(i.e. burst pressure om kjent)
	

	Maksimum driftstrykk i denne rigg:
	


Prøvetrykket skal fastlegges i følge standarden og med hensyn til maksimum tillatt trykk.
	Prøvetrykk (bara):
	

	X maksimum driftstrykk:
I følge standard
	

	Test medium:
	

	Temperatur (°C)
	

	Start tid:
	
	Trykk (bara):
	

	Slutt tid:
	
	Trykk (bara):
	

	Start tid:
	
	Trykk (bara):
	

	Slutt tid:
	
	Trykk (bara):
	

	Maksimum driftstrykk i denne rigg:
	



Eventuelle repetisjoner fra atm. trykk til maksimum prøvetrykk:…………….
Test trykket, dato for testing og maksimum tillatt driftstrykk skal markers på (skilt eller innslått)


										
Sted og dato							Signatur
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	Page


	

	Ref#
	Guideword
	Causes
	Consequences
	Safeguards
	Recommendations
	Action
	Date/Sign

	
	Not clear procedure
	Procedure is to ambitious, or confusingly
	Test and practice, revise
	Proper training
	
	
	

	
	Step in the wrong place
	The procedure can lead to actions done in the wrong pattern or sequence
	
	Follow the instructions for pre-operation checks
	
	
	

	
	Wrong actions

	Procedure improperly specified
	
	
	Revise the operating instructions
	
	

	
	Incorrect information
	Information provided in advance of the specified action is wrong
	
	
	Revise the operating instructions
	
	

	
	Step missing

	Missing step, or step requires too much of operator
	
	
	
	
	

	
	Step unsucessful
	Step has a high probability of failure
	
	
	
	
	

	
	Influence and effects from other
	Procedure's performance can be affected by other sources
	
	
	
	
	



[bookmark: _Toc364758635]Attachment E: Procedure for running experiments

	Prosjekt  Soot extinction validation
	Dato
	
Signatur

	Apparatur Optical combustion chamber and high speed LED
	
	

	Prosjektleder Terese Løvås	
	
	




	
	Conditions for the experiment:
	Completed

	
	Experiments should be run in normal working hours, 08:00-16:00 during winter time and 08.00-15.00 during summer time.
Experiments outside normal working hours shall be approved.
	

	
	One person must always be present while running experiments, and should be approved as an experimental leader.
	

	
	An early warning is given according to the lab rules, and accepted by authorized personnel.
	

	
	Be sure that everyone taking part of the experiment is wearing the necessary protecting equipment and is aware of the shutdown procedure and escape routes.
	

	
	Preparations
	Carried out

	
	Post the “Experiment in progress” sign. 
	

	
	Switch on PC and camera, power supplies, sig gen and scope
	

	
	Run ventilation and fresh air using motorlab program
	

	
	
	

	
	
	

	
	
	

	
	During the experiment
	

	
	Monitor experiment from the separate control room.
	

	
	
	

	
	End of experiment
	

	
	
	

	
	
	

	
	Turn off all supplies, sig gen and scope
	

	
	Turn off computer and camera
	

	
	Remove all obstructions/barriers/signs around the experiment.
	

	
	Tidy up and return all tools and equipment.
	

	
	Tidy and cleanup work areas.
	

	
	Return equipment and systems back to their normal operation settings 
(fire alarm)
	

	
	To reflect on before the next experiment and experience useful for others
	

	
	Was the experiment completed as planned and on scheduled in professional terms?
	

	
	Was the competence which was needed for security and completion of the experiment available to you?
	

	
	Do you have any information/ knowledge from the experiment that you should document and share with fellow colleagues?
	






Operator(s):
	Navn
	Dato
	Signatur

	David Emberson
	14.10.2016
	

	Karl Oskar Pires Bjørgen 
	14.10.2016
	

	Mathias S. Olsen
	14.10.2016
	


[bookmark: _Toc364758636]
Attachment f: Training of operators
	Prosjekt  Soot extinction validation
	Dato
	
Signatur

	Apparatur Optical combustion chamber and high speed LED
	
	

	Prosjektleder Terese Løvås	
	
	




	
	Knowledge about EPT LAB in general
	

	
	Lab
· Access
· routines and rules
· working hour
	

	
	Knowledge about the evacuation procedures.
	

	
	Activity calendar for the Lab
	

	
	Early warning, iept-experiments@ivt.ntnu.no
	

	
	
	

	
	Knowledge about the experiments
	

	
	Procedures for the experiments
	

	
	Emergency shutdown.
	

	
	Nearest fire and first aid station.
	

	
	
	

	
	
	

	
	
	



I hereby declare that I have read and understood the regulatory requirements has received appropriate training to run this experiment and are aware of my personal responsibility by working in EPT laboratories.

Operator(s):

	Navn
	Dato
	Signatur

	David Emberson
	12.01.2016
	

	Karl Oskar Pires Bjørgen 
	12.01.2016
	

	Mathias S. Olsen
	14.10.2016
	

	
	
	

	
	
	

	
	
	


[bookmark: _Toc364758637]
Attachment g: FORM FOR SAFE JOB ANALYSIS
	SJA name:

	Date:
	Location: 

	Mark for completed checklist:
	
	



	Participators:

	
	
	

	SJA-responsible:
	
	



	Specification of work (What and how?):


	Risks associated with the work: 


	Safeguards: (plan for actions, see next page):


	Conclusions/comments:




	Recommended/approved
	Date/Signature:
	Recommended/approved
	Date/Signature:

	SJA-responsible:
	
	HSE responsible:
	

	Responsible for work: 
	
	Other, (position):
	


[bookmark: _Toc342395159]

	

HSE aspect
	Yes
	No
	NA
	Comments / actions
	Resp.

	Documentation, experience, qualifications

	Known operation or work?
	
	
	
	
	

	Knowledge of experiences / incidents from similar operations?
	
	
	
	
	

	Necessary personnel?
	
	
	
	
	

	Communication and coordinating

	Potential conflicts with other operations?
	
	
	
	
	

	Handling of an eventually incident (alarm, evacuation)?
	
	
	
	
	

	Need for extra assistance / watch?
	
	
	
	
	

	Working area

	Unusual working position
	
	
	
	
	

	Work in tanks, manhole?
	
	
	
	
	

	Work in ditch, shaft or pit?
	
	
	
	
	

	Clean and tidy?
	
	
	
	
	

	Protective equipment beyond the personal?
	
	
	
	
	

	Weather, wind, visibility, lighting, ventilation?
	
	
	
	
	

	Usage of scaffolding/lifts/belts/ straps, anti-falling device?
	
	
	
	
	

	Work at hights?
	
	
	
	
	

	Ionizing radiation?
	
	
	
	
	

	Influence of escape routes?
	
	
	
	
	

	Chemical hazards

	Usage of hazardous/toxic/corrosive chemicals?
	
	
	
	
	

	Usage of flammable or explosive chemicals?
	
	
	
	
	

	Risk assessment of usage? 
	
	
	
	
	

	Biological materials/substances?
	
	
	
	
	

	Dust/asbestos/dust from insulation?
	
	
	
	
	

	Mechanical hazards

	Stability/strength/tension?
	
	
	
	
	

	Crush/clamp/cut/hit?
	
	
	
	
	

	Dust/pressure/temperature?
	
	
	
	
	

	Handling of waste disposal?
	
	
	
	
	

	Need of special tools?
	
	
	
	
	

	Electrical hazards

	Current/Voltage/over 1000V?
	
	
	
	
	

	Current surge, short circuit?
	
	
	
	
	

	Loss of current supply?
	
	
	
	
	

	Area

	Need for inspection?
	
	
	
	
	

	Marking/system of signs/rope off?
	
	
	
	
	

	Environmental consequences?
	
	
	
	
	

	Key physical security systems

	Work on or demounting of safety systems?
	
	
	
	
	

	Other
	
	
	
	
	




	[bookmark: _Toc364758638]Apparaturkort / UnitCard
	

	Dette kortet SKAL henges godt synlig på apparaturen!
This card MUST be posted on a visible place on the unit!




	Apparatur (Unit) Optical combustion chamber and high speed LED

	

	Prosjektleder (Project Leader)
	Telefon mobil/privat (Phone no. mobile/private) 

	Terese Løvås
	91897007

	Apparaturansvarlig (Unit Responsible)
	Telefon mobil/privat (Phone no. mobile/private) 

	David Emberson
	98152966

	Sikkerhetsrisikoer (Safety hazards)
Pressure chamber, Diesel, noise, rotating mass

	

	Sikkerhetsregler (Safety rules)
Wear safety googles and ear protection.

	

	Nødstopp prosedyre (Emergency shutdown)
Press emergency stop switch located on the power supply at the north wall in room C085 


	




Her finner du (Here you will find):
	Prosedyrer (Procedures)
	In rig folder, close to rig

	Bruksanvisning (Users manual)
	In rig folder, close to rig



Nærmeste (Nearest)
	Brannslukningsapparat (fire extinguisher)
	Kjeller TermiskLab (øst)

	Førstehjelpsskap (first aid cabinet)
	Kjeller TermiskLab (øst)

	

NTNU
Institutt for energi og prosessteknikk
	
	

SINTEF Energi
Avdeling energiprosesser

	
Dato

	
	
Dato


	
Signert

	
	
Signert



[bookmark: _Toc342395160][bookmark: _Toc364758639]FORSØK PÅGÅR /EXPERIMENT IN PROGRESS

Dette kortet SKAL henges opp før forsøk kan starte!
This card MUST be posted on the unit before the experiment startup!

	Apparatur Optical combustion chamber and high speed LED

	

	Prosjektleder (Project Leader)
	Telefon mobil/privat (Phone no. mobile/private) 

	Terese Løvås
	91897007

	Apparaturansvarlig (Unit Responsible)
	Telefon mobil/privat (Phone no. mobile/private) 

	David Emberson
	98152966

	Godkjente operatører (Approved Operators)
	Telefon mobil/privat (Phone no. mobile/private) 

	David Emberson
	

	Prosjekt (Project) Soot extinction validation

	

	Forsøkstid / Experimental time (start ‐ stop)

	

	Kort beskrivelse av forsøket og relaterte farer (Short description of the experiment and related hazards)

	Testing soot extinction with LED using combustion in an optical chamber



	
NTNU
Institutt for energi og prosessteknikk
	
	
SINTEF Energi
Avdeling energiprosesser

	
Dato

	
	
Dato


	
Signert

	
	
Signert
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