
 
 

1. Discuss briefly the assertion that ‘investment by a company in safety 

procedures and training reduces the risk and probability of accidents and 

is good for business’.  
 
 
2. In systematic Risk Assessment when analysing a hazardous incident it is 

useful to answer four basic questions regarding the incident.  
 
 

(a) State these four relevant questions.  
 
 

(b) State briefly the what is meant by a ‘quantitative approach’ to safety 
assessment.  

 
 
3. (a) Define the terms ‘hazard’ and ‘risk’ and distinguish between the two.  
 
 

(b) Describe briefly what is meant by ordinary (industrial), residual, 

process and societal risks, giving examples of each.  
 
 
4. Classify the following situations in terms of type of risk and complete the 

risk table by assigning probabilities between 0 (not possible) and 1 

(certain) with 0.1 – 0.3 (low), 0.4 – 0.6 (average), 0.7 – 0.9 (high) for 

injury and equipment damage for each hazard. State concisely the reasons 

for your choices and any qualifications you feel are required. Factors 

such as weather, location and population density should be considered 

and stated.  

 
 

(i) Object falling from scaffold.  
 

 

(ii) Tripping over a low level pipe in a petrochemical plant whilst on 

nightshift.  
 
 

(iii) Electric shock from overhead cable/line struck by lightning.  
 
 
 
 

 
 

 
 



(iv) Radioactive leak into a river from nuclear power station.  
 
 

(v) Electricity supply interruption in an equipment store with emergency 

lighting.  
 
 

(vi) Not replacing a walkway grating on an oil rig.  
 
 

(vii)Hydrogen sulphide release from pocket in the end of a blanked off 
 

pipe in a crude oil fractionation plant. 
 
 
 

Situation Orindary Residual Process Societal Probability Probability 
 

Risk Risk Risk Risk of Injury of Damage  

 
 

       
 

(i)       
 

        

(ii)       
 

        

(iii)       
 

        

(iv)       
 

        

(v)       
 

        

(vi)       
 

        

(vii)       
 

        

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 



 
 
 

5. The sketch shows a tank which contained a highly flammable volatile 

liquid at a slightly higher than ambient temperature.  

 

Stirrer Scraper 
rod 

 
 
 
 
 
 
 
 
 
 
 
 
 

Flammable 

vapour and 

nitrogen 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Solid residues had formed on the stirrer shaft and required removal. The 

vessel was pumped out and charged with nitrogen to minimise the risk of 

air entering to form a flammable atmosphere of hazardous vapour and air. 

 
 

The manhole cover was then removed and the residues began to be 

cleaned off with a scraper rod. The operator, however, went for his lunch 

before completing the job but left the manhole cover off. Upon his return, 

a flash fire was caused when he generated a spark by striking the stirrer 

shaft with the rod. 

 
 

Write a short report suggesting reasons why this accident occurred. 
 

 
   
(



 
 
 

6. Answer EITHER part (a) OR part (b).  
 
 

 A gas scrubber on an oilrig discharged gas periodically such that an 

accumulation of hydrocarbon gas nearby had occurred. A contractor 

welder was dispatched to a job immediately adjacent to the area and 

it being a shift change and personnel unavailable temporarily, the 

welder decided to commence welding. As a consequence, an incident 

occurred. Describe briefly:  

 
 

 what you imagine was the incident including any hazards existing 

prior to or during the incident  
 
 

 the consequences of the incident on personnel, equipment or 

process  
 
 

 emergency procedures put into practice during and immediately 

after the incident  
 
 

 indications of possible cause(s) of the incident (include any 

breaches of safety procedures (permits to work, etc.) statutory 

systems, codes of practice and company safety rules that led to 

the incident and any other causes or contributing circumstances  

 
 

 recommendations/suggestions that would reduce the possibility of 

a repetition of the incident.  
 
 

(This is based on a real incident.) 
 

 

(b) Describe briefly (as in (i) to (v) of part (a)) a hazardous incident with 

which you are familiar.  



 
 
 

7. (a) Distinguish between a Hazard and Operability Study (HAZOP) and 

Hazard Analysis (HAZAN).  

 
(b) Explain briefly the quantities shown in the equations used for hazard 

analysis H = D . fdt = D  
1
/2F . T (if F . T << 1).  

 
(c) State the units of H and D and hence determine the units of fdt if any.  

 
(d) FIGURE 1 shows an external intermediate vessel which receives a 

continuous mixture of hydrocarbon liquid and small variable 

amounts of water. The water must be separated by settlement into the 

sump to prevent contamination of a later hydrocarbon processing 

stage. The sump should be drained every 4 hours by an operator. The 

operation is facilitated by a sight glass and high level alarm. Under 

normal conditions the sump would fill in approximately 10 hours.  

 
 
 

Carry out a hazard and operability study (HAZOP) on the sump and 

drain line for deviation of 'No Flow' and 'More Flow' of water, listing 

possible causes, consequences and recommendations to avoid future 

deviations.  
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8. FIGURE 2 shows an improved arrangement for separating water from 

the hydrocarbon liquid for the process in question 2. Two simple level 

control loops, LC, have been added to regulate flow control valves on a 

pumped system. Extra protection is also provided in the form of high 

level alarms, LA, one to each side of a baffle plate fitted in the tank.  

 
 

It has been determined that estimating the probable frequency of 

hydrocarbon passing to the water drain will permit judgement as to 

whether this would be an acceptable risk.  

 
 

FIGURE 3 is the cause tree for this TOP event, showing the conventional 

'AND' and 'OR' gates together with typical fail-to-danger fault 

frequencies for the control and alarm equipment, including estimates for 

electricity and instrument air failure. Also shown are probabilities (3%) 

for operator failure to respond to the alarm system which is rated at 97% 

reliable.  

 
 

 Complete the conversion of this cause tree into a FAULT tree, allowing 

for testing the alarm system once per week. (Use the simple 

fractional dead time formula.)  

 
 

 State which pieces of equipment have the greatest effect on the top event 

frequency.  
 
 

 If the reliability of the level detector and controller can be improved 

from a fault frequency of 2.36 and 1.64 respectively to 0.5 per year, 

determine the new top event frequency.  
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                          FIG. 2  Hydrocarbon/Water Settler System 
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0.6 / year 
 

 

Electricity Supply Fails 
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     Fails  
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OR 
 

   
  P = 0.97 
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9. A fire water system on an oil rig is supplied by an electric motor driving 

a mechanical pump. A fire detection system is installed that normally 

starts the motor automatically but which can be set to manual override. 

The electric motor is normally supplied by the mains power source but it 

does have a standby generator for emergencies.  

 
 State as a consequence of failure of the pump or motor or detection 

system, the top event. (It may assist you by referring to FIGURE 4.)  
 

 Complete the table for the cases of deviation/failure shown, that is:  
 

 pump failure  
 

 motor failure to start  
 

 fire detection system failure  
 

 motor power supply failure  
 

arising from any associated equipment failures or events that would 

cause the failures from the data given. Indicate whether the 

associated events are linked by OR or AND operators. 

 

 Associated Linking  
Failure equipment operator Comments 

 or service AND/OR  
    

Pump failure Pump fault None Pump failure = 
   pump fault 
    

Motor failure Motor fault OR  
to start    

    

Fire detection    
system failure    

    

Motor power  AND  
supply failure    

    

 

TABLE 1 
 
 
 
 
 



 
 
 

(c) Using the data from TABLE 1 complete the cause tree shown in 

FIGURE 4.  
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FIG. 4 
 
 

(d) The fault frequencies per year for the following are: 
 

 

pump = 0.1 motor 

= 0.05 mains 

power = 0.5 
 

fire auto detection unit = 0.2 
 

fire detection manual override unit = 0.05 

standby generator = 0.25 

 
 

Assuming the fire detection system can be regarded as a trip system 

tested every week, calculate the fractional dead time (fdt) for the fire 

detection system unit and convert the cause tree into a fault tree to 

determine the frequency of the top event. 

 
 
 
 
   



 
 
 

10.  A housing estate of 250 people is considered to be at risk from a nearby 

factory on the basis of a hazard analysis which yielded the following 

data:  
 
 

 The 20% probability of fatalities due to the blast effects of an 

explosion.  
 
 

 The 10% probability of additional fatalities due to the release of 

toxic gas following the explosion.  
 
 

 The probable frequency of an explosion occurring is once in ten 

thousand years, i.e. 0.0001 yr
–1

.  

 

 Find the societal and respective average individual risks for these events.  
 
 

 Explain why such data may be misleading if the number of people 

exposed to the risks is increased by, for example, the expansion of 

the housing estate.  
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11.  Study the Safety Audit Report (Appendix 1, Lesson 3-1) and the Safety 

Assessment Questionnaire (Appendix 2, Lesson 3-1) and complete the 

following:  
 

 Compare the following common areas data being sought by a Safety 

Audit and Safety Assessment Questionnaire by completing TABLE 1 

(opposite) and comment on any differences of requirements and 

coverage.  
 

 As a general comment state any shortcomings you feel may be present in 

either type of document and any suggestions for improving the 

report.  
 

 Answer EITHER (a) OR (b)  
 

 Complete a concise Safety Audit Report on your place of work or 

part of it using the Safety Audit Report attached (pages 4 – 7) 

or one of your own design. Assessment can be by awarding 

marks or other satisfactory means of assessment.  
 

Explain any means of assessment used or scale of marking.  
 

Clearly indicate where appropriate in the comments column 

whether the areas covered are satisfactory and also state briefly 

the reasons why you feel the overall result of the audit is 

satisfactory or not. 
 

OR 
 

(b) Complete the Safety Assessment Questionnaire attached (pages 

8 – 14), which can be for a real or imaginary situation or 

location. Questions may be added or omitted/struck out if not 

applicable. Avoid the use of actual names and instead use job 

titles (e.g. Safety Advisor – Safety Manager or Safety 

Consultant). Answers should be brief (where appropriate 

yes/no, for example). Comments should be added where 

appropriate and a general comment should be made as to 

whether the safety aspect or situation is satisfactory or not.  
 



 
 
 
 
 

Safety Audit Safety Assessment Comments 
 

Hazard Control 
 
 
 
 
 
 
 
 

 
Training 

 
 
 
 
 
 
 
 

 
Accident Reporting 

 
 
 
 
 
 
 
 

 
Documentation 

 
 
 
 
 
 
 
 

 
Hygiene/Personal  
Protection 

 
 
 
 
 
 
 
 
 

 

TABLE 1 
 
 
 
 

  
 



 
 
 
SAFETY AUDIT REPORT 
 
 
SUBMITTED BY: 
 
 

Guidance on allocation of marks 
 
 

Excellent – little improvement can be expected 16 – 20 

Good – satisfactory, but not outstanding 11 – 15 

Fair – barely satisfactory – improvement required 6 – 10 

Poor – unsatisfactory, improvement necessary  0 – 5 
 
 
 

 

1. Organisation and Administration  
 

Max Awarded 
 

Marks Marks Comments 
 
 
1. Are written instructions and operating  
 

procedures clear? 20 

 
2. Are operating manuals readily available and  
 

up to date? 20 

 
3. Are Standing Instructions readily  
 

available and up to date? 20 

 
4. Is there a copy of the Company Safety  
 

Policy within the department? 20 

 
5. Is a departmental Safety Log book kept up  
 

to date? 20 
  

 
100 

 
 
 
 
 
 
 
 
 
 
  



 
 
 

2. Training  
 

Max Awarded 
 

Marks Marks Comments 
 
1. Is Departmental training in general 

behaviour and awareness of hazards  
 

carried out? 20 

 
2. Are safety training records kept up to  
 

date? 20 
  

 40 
 
 

3. Hygiene  

 
 Are the following available:  

1. Adequate and clean toilet facilities? 20 

2. Adequate drinking water? 20 

3. Adequate locker facilities? 20 

4. Adequate and clean mess rooms? 20 
   

  80 
 
 

4. Permit to work system  
 
 
1. Are Safety Certificates issued for all jobs  
 

that require them? 20 

 
2. Are precautions laid down in certificates  
 

adhered to? 20 
  

 40 
 
 
 
 
 
 
 
 



 
 
 

5. Hazard control  
 

Max 
 

Marks 
 
1. Provision of safe access and safe place of  
 

work 20 

 
2. Materials, equipment and tools adequately  
 
 stored 20 

3. All dangerous parts of machinery guarded 20 

4. Adequate lighting provided 20 

 
5. Adequate facilities for materials handling,  
 

i.e. lifting and transport of heavy and bulky  

loads 20 

 
6. Suitable and appropriate personal protective  
 
 clothing and equipment provided and worn 20 

7. General site cleanliness 20 
    

   140 

 

6. Fire control  

 
1. Combustible and flammable materials  
 

correctly stored 20 
 
 
2. Provision of adequate fire extinguishers 

of types appropriate to risk and suitably  
 
 marked 20 

3. Means of escape marked and kept clear 20 
 
 
4. Written procedures in case of Fire on  
 

display 20 
  

 80 
 
 
 

 
 
 
 
 
 
Awarded 
 

Marks Comments 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  



 
 
 

7. Chemical, toxic, corrosive and dust hazards  
 

Max Awarded 
 

Marks Marks Comments 
 
1. Safe storage, labelling and handling 

procedures for toxic and corrosive  
 
 substances 20 

2. Posting of hazard warning notices 20 

3. Showers available and working 20 

4. Eye wash stations regularly checked 20 

5. Extraction systems operating efficiently 20 
   

  100 
 
 

8. Accident reporting  
 
 
1. Are all Accident Report forms completed  
 

and returned? 20 
 
 
2. Is immediate remedial action taken on  
 

reports pending full investigation? 20 
  

 40 
 
 

Overall Comment: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

Safety Assessment Questionnaire 
 
 

1. GENERAL  
 
 

1.1  NAME : Tick   DATE : 
 
 

IS A SENIOR EXECUTIVE RESPONSIBLE : 
 
 

IS THERE A SAFETY ADVISER : 
 
 

IS THERE TRADE UNION REPRESENTATION : 
 
 
 

1.2 Type of Manufacturing Process :  
 
 
 
 

1.3 Principal Hazards, Area, Process or Operations :  
 
 
 
 

1.4 Definitions  
 

NUMBER OF LOST TIME ACCIDENTS IN LAST YEAR IF KNOWN : 
 
 
 
 

MOST SERIOUS INJURY IN LAST 3 YEARS : 
 

BY TIME AWAY FROM WORK : 
 

BY NATURE OF INJURY : 
 
 

MOST SERIOUS DAMAGE ACCIDENT IN LAST 3 YEARS : 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 
 
 

2. ORGANISATION AND ARRANGEMENTS  
 
 

2.1  Safety Policy 
 
 

IS THERE A WRITTEN SAFETY POLICY? 
 

WHO HAS COPIES? 
 

ARE EMPLOYEES INFORMED? 
 

DATE OF LATEST REVISION? 
 

ARE RESPONSIBLE PERSONS NAMED? 
 

PRINCIPAL AREAS OF APPLICATION : 
 
 

2.2  Safety Training 
 
 

WHO IS RESPONSIBLE? 
 
 

WHO IDENTIFIES SAFETY TRAINING 

NEEDS? WHO MAINTAINS RECORDS? 
 

LIST SAFETY TRAINING COURSES THAT HAVE BEEN CARRIED OUT 

IN THE LAST YEAR. 

 
ARE TRAINING FACILITIES AVAILABLE? 

 
 

ARE ENVIRONMENTAL ASPECTS COVERED IN ANY TRAINING? 
 
 

2.3  Statutory Documents relating to Health and Safety 
 
 

WHAT STATUTORY DOCUMENTS ARE KEPT AND WHERE? 
 
 

WHAT ACTS, ORDERS AND S.I.'S ARE KEPT AND WHERE? 
 
 

WHO HAS ACCESS TO THE DOCUMENTS? 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

3. SAFETY COMMITTEES  
 
 

WHAT IS SAFETY COMMITTEE STRUCTURE? 
 

Tick 
HOW MANY COMMITTEES?  
SAFETY REPRESENTATIVES   –   T.U. 

 
 

–   OTHER  
 

AVERAGE NO./COMMITTEE? 
 

FREQUENCY OF MEETINGS? 
 

IS THERE A REGULAR AGENDA? 

TOPICS DISCUSSED? 
 

WHO RECEIVES THE MINUTES? 
 

GIVE AN EXAMPLE OF A PROBLEM THAT REQUIRED TO BE RESOLVED. 
 
 

WAS THE PROBLEM SOLVED SUCCESSFULLY? 
 
 

ARE THERE ANY OUTSTANDING SAFETY ISSUES? 
 
 

 

4. ACCIDENT REPORTING  
 
 

HOW ARE INJURIES REPORTED/RECORDED? 
 
 

ARE THERE FIRST AIDERS? 
 

WHAT HAPPENS ON OVERTIME? 
 
 

WHERE IS THE ACCIDENT BOOK KEPT? 

WHO INVESTIGATES ACCIDENTS? 
 

ARE SAFETY REPS/SAFETY COMMITTEE MEMBERS INVOLVED? 

WHAT ACCIDENT INVESTIGATION TRAINING HAS BEEN 

GIVEN? ARE STATISTICS PRODUCED? 
 

ARE THERE PROBLEMS IN COLLECTING DATA? 
 
 
 
 
 
 



 
 
 

5. FIRE AND DAMAGE  
 
 

WHAT ARE PRINCIPAL FIRE RISKS? 
 
 

WHAT WAS WORST DAMAGE/LOSS IN LAST 3 YEARS? 
 
 

WHAT FORMS OF FIRE DETECTION ARE EMPLOYED? 
 
 

ARE EMPLOYEES GIVEN FIRE DRILL? 
 
 

WHEN WAS LAST FIRE DRILL ? 
 

IS THERE A ROLL CALL SYSTEM ? 
 
 

 

6. WORKPLACE INSPECTION  
 
 

ARE WORKPLACE INSPECTIONS CARRIED OUT? 

WHAT FREQUENCY? 
 

WHO IS INVOLVED? 
 

ARE REPORTS PREPARED ? 
 

WHO ACTIONS WORK AND HOW QUICKLY? 
 

WHAT TRAINING HAS BEEN GIVEN IN HOUSEKEEPING? 
 

WHAT METHODS ARE USED FOR REPORTING AD HOC HAZARDS? 
 
 

 

7. PERMIT-TO-WORK  
 
 

IS THERE A PERMIT-TO-WORK SYSTEM? 
 

WHAT TYPES OF WORK ARE COVERED BY THE SYSTEM? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

8. LEGISLATION  
 
 

DO ANY SPECIAL REGULATIONS APPLY? Tick 
 
 

E.G. –  ABRASIVE WHEEL 
 
 

–  HF LIQUIDS  
 
 

–  RADIOACTIVE SUBSTANCES  
 
 

–  WOOD-WORKING MACHINERY  
 
 

–  CHEMICAL WORKS  
 
 

–  HORIZONTAL MILLING  
 
 
 
 
 
9. PROTECTIVE CLOTHING  
 
 

IS PROTECTIVE CLOTHING ISSUED? 
 

WHAT CHARGES, IF ANY, ARE MADE? 
 

IS THERE AN EYE PROTECTION PROGRAMME? 
 

IS TRAINING GIVEN ON PERSONAL PROTECTION EQUIPMENT? 
 
 

 

10.  HAZARDOUS MATERIALS 
 
 

ARE THERE HAZARDOUS MATERIALS ON SITE/STORED 

CORRECTLY? ARE THESE DOCUMENTED? 
 

HOW ARE EMPLOYEES INFORMED? 
 
 

WHAT TRAINING IS GIVEN? 
 

IS TRAINING ONGOING? 
 
 
 
 
 
 
 
 
  



 
 
 

11.  EMERGENCY PROCEDURES 
 
 

ARE ANY EMERGENCY PROCEDURES IN OPERATION? 
 

E.G. –  FIRES 
 

–  EXPLOSIONS  
 

–  TOXIC EMISSIONS  
 

–  SPILLAGES  
 

–  BOMB ALERTS  
 
 

 

12. COMMUNICATION AND INVOLVEMENT  
 
 

ARE ANY SPECIAL SAFETY CAMPAIGNS RUN ? IF SO, STATE OUTLINES : 
 
 
 
 

ARE SAFETY AWARD SCHEMES IN OPERATION ? IF SO, STATE DETAILS : 
 
 
 
 

ARE EMPLOYEES MADE AWARE OF SAFETY PERFORMANCES ? IF SO, 

HOW? 
 
 

 
ARE ANY EXTERNAL ORGANISATIONS INVOLVED? 

 
E.G. –  ROSPA (Royal Society For The Prevention of Accidents) 

 
–  BSC (British Safety Council)  

 
–  OTHER :  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

13.  FUTURE REQUIREMENTS 
 
 
 
 

STATE ANY FURTHER SAFETY MEASURES YOU FEEL COULD BE 

IMPLEMENTED TO IMPROVE SAFETY : 
 
 

 
WHAT ADDITIONAL RESOURCES WOULD BE REQUIRED IN EQUIPMENT 

AND/OR MANPOWER? 

 
APPROXIMATE COST OF PROPOSED IMPROVEMENTS : £ 

 
 
 
 

WHAT AREAS NEED MOST ATTENTION? 
 
 

 

14. GENERAL COMMENT on your findings particularly with respect to 

the safety culture encountered and training.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

12.  (a) Invent or select an area of a workplace with which you are familiar 

and draw a plan upon which is marked the positions of all safety and 

emergency equipment. Include in the plan any fire hoses, break glasses, 

fire extinguishers, eye wash bottles, sirens, safe areas, warning notices, 

escape routes, mustering points, etc. Provide a legend for any symbols 

used.  

 
 

 Describe an emergency plan with which you are familiar or formulate an 

imaginary emergency plan incorporating the roles and 

responsibilities of the control and rescue personnel. Indicate the lines 

of communication and the situation of any central control station.  

 
 

 FIGURE 1 shows a building with safety equipment installed. The old 

car park that was the designated muster point in an emergency is to 

be moved to the position shown for the new car park. The DCS, 

Switch and Emergency Supply rooms are to be extended to 

accommodate extra equipment for a process plant extension. The 

safety equipment and signs for these rooms are shown in their pre-

extension positions. Relocate the safety equipment in the extended 

rooms by modification of FIGURE 1 to indicate new escape routes 

and a new muster point. State briefly the reasons for your selections.  
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13.  Answer EITHER (a) OR (b)  
 
 

 If you were a Plant Superintendent responsible for, among other things, 

the plant safety, devise a safety strategy that:  
 
 

 describes briefly the safety procedure that should be implemented 

prior to entering a vessel  
 
 

 states the titles and briefly describes the main requirments of any 

documentation that could accompany vessel entry particularly 

with reference to certificates or permits  

 
 

 identifies and describes any:  
 
 

 personal protection  
 
 

 environmental/working requirements that may be 

associated with the vessel isolation and entry procedure.  
 
 

OR 
 

 

(b) Describe briefly the vessel entry procedures, documentation, 

personnel and environmental precautions and any other relevant 

procedures which have been instituted at your place of work, adding 

any suggestions you may consider suitable for increased safety.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


