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1 introduction
High speed imaging of fuel injection sprays and combustion process conducted in a generator modified with an optically accessible pressure chamber. The measurements will take place from February 2017 through to February 2018.
2 Organisation
	Rolle
	

	Project leader
	Terese Løvås

	Equipment manager
	Bård Brandåstrø

	Room manager
	Bård Brandåstrø

	HSE coordinator
	Morten Grønli

	HSE responsible (linjeleder):
	Olav Bolland


3 RISK MANAGEMENT in the PROJECT
	Main Activities Risk

	Necessary measures, documentation

	DATE

	Project initiation
	Project initiation template
	

	Guidance Meeting  
	Form for Guidance Meeting with pre - risk assessment
	

	Initial Assessment
	Hazard identification – HAZID
Form rough analysis
	

	Evaluation of technical security
	Process HAZOP
Technical documentations
	

	Evaluation of operational safety
	Procedure - HAZOP

Training plan for operators
	

	Final assessment, quality assurance
	Independent control 
Issuance of apparatus card

Issuance of trials taking short
	


4 DESCRIPTIONS OF EXPERIMENTAL SETUP 
See attachment A for rig scheme and optical set up.

The engine rig is under development. At the current state the injection system for the rig is under development. Parallel with development of the injection system and control circuit, experiments will be conducted to quantify the effect of beam steering on the optical set up. This experiment however will not require the engine operating. 

LED power supply is suitable and has been installed to avoid incorrect usage. 
5 Evacuation from the experimental area
Evacuate at signal from the alarm system or local gas alarms with its own local alert with sound and light outside the room in question, see 6.2

Evacuation from the rigging area takes place through the marked emergency exits to the assembly point, (corner of Old Chemistry Kjelhuset or parking 1a-b.)

Action on rig before evacuation: 
Turn of main power switch located in room C086. 
6 Warning
6.1 Before experiments
Send an e-mail with information about the planned experiment to: 
iept-experiments@ivt.ntnu.no 
The e-mail must include the following information:
· Name of responsible person:

· Experimental setup/rig:

· Start Experiments: (date and time)

· Stop Experiments: (date and time) 
You must get the approval back from the laboratory management before start up. All running experiments are notified in the activity calendar for the lab to be sure they are coordinated with other activity.
6.2 Abnormal situation


FIRE

If you are NOT able to extinguish the fire, activate the nearest fire alarm and evacuate area. Be then available for fire brigade and building caretaker to detect fire place.
If possible, notify:
	NTNU
	SINTEF

	Morten Grønli, Mob: 918 97 515
	Harald Mæhlum, Mob: 930 14 986

	Olav Bolland: Mob: 918 97 209
	Petter Røkke, Mob: 901 20 221

	NTNU – SINTEF Beredskapstelefon
	800 80 388


GAS ALARM

If a gas alarm occurs, close gas bottles immediately and ventilate the area. If the level of the gas concentration does not decrease within a reasonable time, activate the fire alarm and evacuate the lab. Designated personnel or fire department checks the leak to determine whether it is possible to seal the leak and ventilate the area in a responsible manner.
Alert Order is in the above paragraph.

PERSONAL INJURY 

· First aid kit in the fire / first aid stations
· Shout for help
· Start life-saving first aid
· CALL 113 if there is any doubt whether there is a serious injury
OTHER ABNORMAL SITUATIONS 
NTNU:

You will find the reporting form for non-conformance on: 

https://innsida.ntnu.no/wiki/-/wiki/Norsk/Melde+avvik 

SINTEF:

Synergi
7 Assessment of technical safety
7.1 HAZOP

See Chapter 13 "Guide to the report template”.

The experiment set up is divided into the following nodes:
	Node 1
	Optical engine rig

	Node 2
	LED driver and power


Attachments, Form: Hazop_mal

Conclusion: (Safety taken care of)
7.2 Flammable, reactive and pressurized substances and gas

Are any flammable, reactive and pressurized substances and gases in use?

	YES
	Diesel, Engine Oil, Piston lubricant

	NO 
	


Attachments: 
Conclusion: 
7.3 Pressurized equipment

Is any pressurized equipment in use?
	YES
	Combustion chamber and injection system as part of the rig

	NO 
	


Attachments: Certificate for pressurized equipment (see Attachment to Risk Assessment)
Conclusion: 
7.4 Effects on the environment (emissions, noise, temperature, vibration, smell)
Will the experiments generate emission of smoke, gas, odour or unusual waste?
Is there a need for a discharge permit, extraordinary measures?

	YES
	Engine exhaust is connected to discharge system. Noise will occur under engine operation. Vibrations is expected during engine operation. Dampening feet are implemented in the rig to reduce the vibration alto some vibration will still transplant trough the laboratory floor.

	NO 
	


Attachments: 

Conclusion: 
7.5 Radiation
See Chapter 13 "Guide to the report template”.
	YES
	

	NO 
	


Attachments:

Conclusion:
7.6 Chemicals

Will any chemicals or other harmful substances be used in the experiments? Describe how the chemicals should be handled (stored, disposed, etc.) Evaluate the risk according to safety datasheets, MSDS. Is there a need for protective actions given in the operational procedure?

	YES
	Diesel is used for injection experiments.

	NO 
	


Attachments: MSDS
Conclusion: 
7.7 Electricity safety (deviations from the norms/standards)
	YES
	LED control has no deviations from the norm. 

	NO 
	


Attachments: 

Conclusion: 
8 Assessment of operational safety
Ensure that the procedures cover all identified risk factors that must be taken care of. Ensure that the operators and technical performance have sufficient expertise.

8.1 Procedure HAZOP

See Chapter 13 "Guide to the report template”.
The method is a procedure to identify causes and sources of danger to operational problems.
Attachments:: D: HAZOP_Procedure

8.2 Operation procedure and emergency shutdown procedure

Attachments: Operating procedure for the injection test has been designed for safe practice
Emergency shutdown procedure: see attachment E
8.3 Training of operators

Attachments: F:  Training program for operators

8.4 Technical modifications
· Technical modifications made by the operator (e.g.Replacement of components, equal to equal)
· Technical modifications that must be made by Technical staff (for example, modification of pressure equipment).
· What technical modifications give a need for a new risk assessment(by changing the risk picture)?
Conclusion:
8.5 Personal protective equipment
· It is mandatory use of eye protection in the rig zone
· During engine operation hearing protection is required.
Conclusion:
8.6 General Safety
· Rotating machinery, with partially exposed shafts and valve alternating mechanism.
· Be aware and inspect the engine rig prior to any live tests for loose tools/cables or other objects in or around the engine that could cause problems or hit the rotating shaft.
· The engine will heat up under operation. Never touch the engine after operation without proper protection gear.
· Keeps hands clear of engine during operation. In case of a leak the alternating pressure in the cylinder can cause suction effects in the leaking area. Never look for leaks with your hands
8.7 Safety equipment
· Have portable gas detectors to be used during test execution?

· Warning signs, see the Regulations on Safety signs and signaling in the workplace
8.8 Special predations
9 Quantifying of RISK - risk matrix
See Chapter 13 "Guide to the report template”.
The risk matrix will provide visualization and an overview of activity risks so that management and users get the most complete picture of risk factors.
	IDnr
	Aktivitet-hendelse
	Frekv-Sans
	Kons
	RV

	
	Diesel leakage
	Possible
	Minor
	B3

	
	Rig bolts come loose from vibration
	Likely
	Minor
	B4

	
	Pressure chamber leak
	Likely
	Insignificant
	A4

	
	Foreign objects hits shaft during operation
	Possible
	Minor
	B3

	
	Heating probes evaporate heating oil in cylinder sleeve
	Possible
	Insignificant
	A3

	
	Flywheel falls off
	Rare
	Catastrophic
	E1 

	
	Engine runaway
	Rare 
	Minor
	B1

	
	Window crack
	Possible
	Minor
	B3

	
	Airbox Collaps
	Unlikely
	Minor
	B2


Conclusion: The Participants has to make a comprehensive assessment to determine whether the remaining risks of the activity/process is acceptable. 
	CONSEQUENSES 
	Catastrophic
	E1 
	E2 
	E3
	E4
	E5

	
	Major
	D1 
	D2 
	D3 
	D4 
	D5 

	
	Moderate
	C1 
	C2 
	C3 
	C4 
	C5 

	
	Minor
	B1 
	B2 
	B3 
	B4 
	B5 

	
	Insignificant
	A1 
	A2 
	A3 
	A4 
	A5 

	 
	 
	Rare 
	Unlikely
	Possible
	Likely
	Almost 

	 
	 
	PROBABILITY


	COLOUR
	DESCRIPTION

	Red
	 
	Unacceptable risk Action has to be taken to reduce risk

	Yellow
	 
	Assessment area. Actions has to be considered 

	Green
	 
	Acceptable risk. Action can be taken based on other criteria 


Table 9. The principle of the acceptance criterion. Explanation of the colors used in the matrix

10 Regulations and guidelines
Se http://www.arbeidstilsynet.no/regelverk/index.html
· Lov om tilsyn med elektriske anlegg og elektrisk utstyr (1929)

· Arbeidsmiljøloven

· Forskrift om systematisk helse-, miljø- og sikkerhetsarbeid (HMS Internkontrollforskrift)

· Forskrift om sikkerhet ved arbeid og drift av elektriske anlegg (FSE 2006)

· Forskrift om elektriske forsyningsanlegg (FEF 2006)

· Forskrift om utstyr og sikkerhetssystem til bruk i eksplosjonsfarlig område NEK 420

· Forskrift om håndtering av brannfarlig, reaksjonsfarlig og trykksatt stoff samt utstyr og anlegg som benyttes ved håndteringen

· Forskrift om Håndtering av eksplosjonsfarlig stoff

· Forskrift om bruk av arbeidsutstyr.

· Forskrift om Arbeidsplasser og arbeidslokaler

· Forskrift om Bruk av personlig verneutstyr på arbeidsplassen

· Forskrift om Helse og sikkerhet i eksplosjonsfarlige atmosfærer

· Forskrift om Høytrykksspyling

· Forskrift om Maskiner

· Forskrift om Sikkerhetsskilting og signalgivning på arbeidsplassen

· Forskrift om Stillaser, stiger og arbeid på tak m.m.

· Forskrift om Sveising, termisk skjæring, termisk sprøyting, kullbuemeisling, lodding og sliping (varmt arbeid)

· Forskrift om Tekniske innretninger

· Forskrift om Tungt og ensformig arbeid

· Forskrift om Vern mot eksponering for kjemikalier på arbeidsplassen (Kjemikalieforskriften)

· Forskrift om Vern mot kunstig optisk stråling på arbeidsplassen

· Forskrift om Vern mot mekaniske vibrasjoner

· Forskrift om Vern mot støy på arbeidsplassen

Veiledninger fra arbeidstilsynet 

se: http://www.arbeidstilsynet.no/regelverk/veiledninger.html
11 DOcUMENTAtion
· Tegninger, foto, beskrivelser av forsøksoppsetningen

· Hazop_mal

· Sertifikat for trykkpåkjent utstyr

· Håndtering avfall i NTNU

· Sikker bruk av LASERE, retningslinje

· HAZOP_MAL_Prosedyre

· Forsøksprosedyre

· Opplæringsplan for operatører

· Skjema for sikker jobb analyse, (SJA)

· Apparaturkortet

· Forsøk pågår kort

12 Guidance to risk assessment template
Chapter 7 Assessment of technical safety.

Ensure that the design of the experiment set up is optimized in terms of technical safety.

 Identifying risk factors related to the selected design, and possibly to initiate re-design to ensure that risk is eliminated as much as possible through technical security.

This should describe what the experimental setup actually are able to manage and acceptance for emission.

7.1 HAZOP

The experimental set up is divided into nodes (eg motor unit, pump unit, cooling unit.). By using guidewords to identify causes, consequences and safeguards, recommendations and conclusions are made according to if necessary safety is obtained. When actions are performed the HAZOP is completed.

(e.g. "No flow", cause: the pipe is deformed, consequence: pump runs hot, precaution: measurement of flow with a link to the emergency or if the consequence is not critical used manual monitoring and are written into the operational procedure.)

7.2 Flammable, reactive and pressurized substances and gas.

According to the Regulations for handling of flammable, reactive and pressurized substances and equipment and facilities used for this:

	Flammable material: Solid, liquid or gaseous substance, preparation, and substance with occurrence or  combination of these conditions, by its flash point, contact with other substances, pressure, temperature or other chemical properties represent a danger of fire.


	Reactive substances: Solid, liquid, or gaseous substances, preparations and substances that occur in combinations of these conditions, which on contact with water, by its pressure, temperature or chemical conditions, represents a potentially dangerous reaction, explosion or release of hazardous gas, steam, dust or fog.


	Pressurized : Other solid, liquid or gaseous substance or mixes having fire or hazardous material response, when under pressure, and thus may represent a risk of uncontrolled emissions 


Further criteria for the classification of flammable, reactive and pressurized substances are set out in Annex 1 of the Guide to the Regulations "Flammable, reactive and pressurized substances"

http://www.dsb.no/Global/Publikasjoner/2009/Veiledning/Generell%20veiledning.pdf
http://www.dsb.no/Global/Publikasjoner/2010/Tema/Temaveiledning_bruk_av_farlig_stoff_Del_1.pdf
Experiment setup area should be reviewed with respect to the assessment of Ex zone
• Zone 0: Always explosive atmosphere, such as inside the tank with gas, flammable liquid.
• Zone 1: Primary zone, sometimes explosive atmosphere such as a complete drain point
• Zone 2: secondary discharge could cause an explosive atmosphere by accident, such as flanges, valves and connection points

7.4 Effects on the environment

With pollution means: bringing solids, liquid or gas to air, water or ground, noise and vibrations, influence of temperature that may cause damage or inconvenience effect to the environment.

Regulations: http://www.lovdata.no/all/hl-19810313-006.html#6
NTNU guidance to handling of waste:http://www.ntnu.no/hms/retningslinjer/HMSR18B.pdf
7.5 Radiation

Definition of radiation

	Ionizing radiation: Electromagnetic radiation (in radiation issues with wawelength <100 nm) or rapid atomic particles (e.g. alpha and beta particles) with the ability to stream ionized atoms or molecules.

	Non ionizing radiation: Electromagnetic radiation (wavelength >100 nm), og ultrasound1 with small or no capability to ionize.

	Radiation sources: All ionizing and powerful non-ionizing radiation sources.

	Ionizing radiation sources: Sources giving ionizing radiation e.g. all types of radiation sources, x-ray, and electron microscopes.

	Powerful non ionizing radiation sources: Sources giving powerful non ionizing radiation which can harm health and/or environment, e.g. class 3B and 4. MR2 systems, UVC3 sources, powerful IR sources4.

	1Ultrasound is an acoustic radiation ("sound") over the audible frequency range (> 20 kHz). In radiation protection regulations are referred to ultrasound with electromagnetic non-ionizing radiation.

2MR (e.g. NMR) - nuclear magnetic resonance method that is used to "depict" inner structures of different materials.

3UVC is electromagnetic radiation in the wavelength range 100-280 nm.

4IR is electromagnetic radiation in the wavelength range 700 nm - 1 mm.


For each laser there should be an information binder (HMSRV3404B) which shall include:

· General information

· Name of the instrument manager, deputy, and local radiation protection coordinator

· Key data on the apparatus

· Instrument-specific documentation

· References to (or copies of) data sheets, radiation protection regulations, etc.

· Assessments of risk factors

· Instructions for users

· Instructions for practical use, startup, operation, shutdown, safety precautions, logging, locking, or use of radiation sensor, etc.

· Emergency procedures

· See NTNU for laser: http://www.ntnu.no/hms/retningslinjer/HMSR34B.pdf
7.6 The use and handling of chemicals.

In the meaning chemicals, a element that can pose a danger to employee safety and health 

See: http://www.lovdata.no/cgi-wift/ldles?doc=/sf/sf/sf-20010430-0443.html
Safety datasheet is to be kept in the HSE binder for the experiment set up and registered in the database for chemicals.

Chapter 8 Assessment of operational procedures.

Ensures that established procedures meet all identified risk factors that must be taken care of through operational barriers and that the operators and technical performance have sufficient expertise.

8.1 Procedure Hazop

Procedural HAZOP is a systematic review of the current procedure, using the fixed HAZOP methodology and defined guidewords. The procedure is broken into individual operations (nodes) and analyzed using guidewords to identify possible nonconformity, confusion or sources of inadequate performance and failure.
8.2 Procedure for running experiments and emergency shutdown.

Have to be prepared for all experiment setups.

The operating procedure has to describe stepwise preparation, startup, during and ending conditions of an experiment. The procedure should describe the assumptions and conditions for starting, operating parameters with the deviation allowed before aborting the experiment and the condition of the rig to be abandoned.

Emergency procedure describes how an emergency shutdown have to be done, (conducted by the uninitiated),

 what happens when emergency shutdown, is activated. (electricity / gas supply) and

 which events will activate the emergency shutdown (fire, leakage).

Chapter 9 Quantifying of RISK

Quantifying of the residue hazards, Risk matrix

To illustrate the overall risk, compared to the risk assessment, each activity is plotted with values for the probability and consequence into the matrix. Use task IDnr.

Example: If activity IDnr. 1 has been given a probability 3 and D for consequence the risk value become D3, red. This is done for all activities giving them risk values.

In the matrix are different degrees of risk highlighted in red, yellow or green. When an activity ends up on a red risk (= unacceptable risk), risk reducing action has to be taken
	CONSEQUENSES 
	Catastrophic
	E1 
	E2 
	E3
	E4
	E5

	
	Major
	D1 
	D2 
	D3 
	D4 
	D5 

	
	Moderate
	C1 
	C2 
	C3 
	C4 
	C5 

	
	Minor
	B1 
	B2 
	B3 
	B4 
	B5 

	
	Insignificant
	A1 
	A2 
	A3 
	A4 
	A5 

	 
	 
	Rare 
	Unlikely
	Possible
	Likely
	Almost 

	 
	 
	PROBABILITY


Table 8. Risk’s Matrix

	COLOUR
	DESCRIPTION

	Red
	 
	Unacceptable risk Action has to be taken to reduce risk

	Yellow
	 
	Assessment area. Actions has to be considered 

	Green
	 
	Acceptable risk. Action can be taken based on other criteria 


Table 9. The principle of the acceptance criterion. Explanation of the colors used in the matrix
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