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What is MRM and what is the “Dirty Dozen”?

 How human factors can work together to promote safety

 CAP 715 is the info source for MRM and examines the 
relationship between human factors and incidents, largely in 
terms of human error and “Murphy’s Law” (i.e. if it can 
happen, one day it will).

 12 human factors identified that can “degrade an engineer’s 
ability to perform effectively and safely which could lead to 
maintenance (and inspection) errors”.
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The “Dirty Dozen” factors

 Lack of communication
 Complacency
 Lack of knowledge
 Distraction
 Lack of teamwork
 Fatigue
 Lack of Parts
 Pressure
 Lack of assertiveness
 Stress
 Lack of Awareness
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Accidents don’t just happen 

 MRM and CRM (Crew Resource Management for 
pilots and crew) is designed to prevent aviation 
accidents by heightening awareness of the potential 
causes.

 Accidents don’t just occur, they happen due to 
a series, or “chain of events” coming together 
and causing the accident.

 How can we break the chain before an 
accident occurs?
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Example of chain

In the moments prior to the crash, the helicopter was descending on 
the downwind leg of an approach. The pilot was unable to stop the 
helicopter descending and it crashed in trees short of the intended 
landing site. No one was seriously injured, but the helicopter was 
destroyed.

 The subsequent investigation revealed that a few years prior to the 
accident, the helicopter had been fitted with a long-range fuel tank. 

 The modification work appeared in the appropriate log book and 
some accompanying documentation existed. 

 When a long-range tank is fitted to this type of helicopter, the fuel 
contents gauge must also be changed. The replacement gauge gives 
a visual indication that a long-range tank is fitted. At the time the 
modification was carried out, the replacement fuel gauge was not 
available to fit. 

 It is suspected that the aircraft was released to service on an 
“understanding” that the gauge would be changed at a later date, 
when it became available. 
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Example of chain

 The standard gauge gives contents indication when used with the 
long-range tank, but it can read inaccurately and it gives no visual 
indication that a long-range tank is fitted. 

 The subsequent swap to the correct gauge never took place and the 
aircraft continued in service for a few years and changed owners 
twice before the crash happened. 

 Because the contents gauge gave the impression that a standard fuel 
tank was fitted, that is what the owner assumed and so based the 
performance calculations on a standard fuel mass. (a bit like a 
balloon pilot doing a load calc and not taking into account the weight 
difference if cylinders have been changed from Worthingtons to 
Duplex 60s)

 At the time of the accident, the aircraft was overweight for the 
manoeuvre being performed. It would have been within the 
performance envelope for a standard fuel load, but the long-range 
tank moved it outside the performance envelope. As a result, the 
pilot had insufficient power to stop the descent and crashed in the 
copse of trees.
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CHAIN OF EVENTS USING THE DIRTY DOZEN

 Long-Range tank fitted and work entered in log-book but failed to 
mention gauge not changed (Lack of Communication)

 Contents gauge not changed (Lack of Parts) 

 (Pressure) to get the aircraft in service?

 Maybe the engineer didn’t feel confident to challenge the pressure to 
complete the task (Lack of awareness) (Assertiveness)

 Pilot assumes a standard fuel load (Lack of Communication) and
 Pilot didn’t scrutinise log book sufficiently (Complacency)
 Pilot assumed a standard fuel load (Complacency) = Error in 

performance calculations = Flew outside the Performance envelope = 
Crash.
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PILOT OR ENGINEER?

 Most of links formed at the engineering stage made 
the links created by the pilot almost inevitable.

 The skill of good MRM is to notice when a chain of 
events is forming. 

 At the time of a link happening, it may appear to be 
quite subtle and of little consequence, but can have 
a catastrophic outcome further along the chain.
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Good MRM involves “breaking” or “disrupting” 
the chain.

Not releasing to service when the job isn’t complete, 
confronting pressure and explaining why you take a 
decision etc would have disrupted and “broken the 
chain” in the helicopter scenario.

So, what has this got to do with 
ballooning you might ask?
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WHAT ARE THE LINKS AND HOW CAN YOU 
BREAK THE CHAIN?

 Before starting an inspection of a Cameron Balloon, an engineer  
reviews log book and looks back a couple of pages and notes that  
total flight hours on the last page is 225 hours. 

 There are no tethered hours recorded on these pages, but engineer 
fails to notice that six pages back there are 40 hours of tethered 
flight (which haven’t been brought forward) 

 Assumes that the hours are correct, doesn’t undertake a grab test 
and continues with the inspection. Assesses the balloon as 
serviceable and releases it to service. 

 Prior to the next flight, on a hot and sunny August evening, the pilot 
uses his usual load calculation based on averages. He notices that 
the balloon seems to take a lot more heat to lift off and feels “heavy” 
to control. 

 During the flight the envelope fabric fails.

WHAT ARE THE CHAIN OF EVENTS ?
CAN YOU IDENTIFY THE LINKS IN THE CHAIN ?
HOW COULD YOU BREAK THE CHAIN?
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CHAIN OF EVENTS

1. Tether hours not brought forward for an extended period of time 
(Lack of Communication) + (Complacency)

2. Engineer only looks back a few pages, sees no tether hours and 
assumes less than 250 hours (Complacency)

3. As a result, engineer doesn’t perform a grab test. If the engineer  
had looked back 7 pages, the information on the 40 tether hours would 
be evident, bringing the total to more than 250 hours which required a 
grab test.

4. Pilot not aware that grab test required (Lack of Knowledge)

5. Pilot uses load calc based on averages ( Complacency) 
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LINKS IN THE CHAIN

1. poorly maintained log book (Lack of communication) +
(Complacency)

2. lax scrutiny of the log book (Complacency)
3. assumptions made by the inspector and pilot (Complacency)
4. incorrect grab test decision (Lack of Knowledge)
5. balloon released to service in potentially unsafe condition 

(Lack of assertiveness)
6. pilot using load calc based on averages and not using correct 

temperature to calculate the AUW (Complacency)
7. pilot not recognising reasons for balloon feeling heavy 

(lack of awareness)
8. fabric failure = accident ?
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BREAKING THE CHAIN - ENGINEER

1. Check the hours all the way back to the first page looking for 
tether hours.

2. Does the fabric condition match the recorded hours?

3. Use assertiveness and grab-test if there is any suspicion 
regarding hours

4. If you find one error in the log book, do more exist? Is this a 
pattern? Investigate further.
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BREAKING THE CHAIN - EXAMPLE 1 

 During any inspection, there is a certain amount of discussion, 
catching up, gossiping etc with the pilot, owner, crew during 
which you may become distracted. 

 As a result of the distraction, we have a tendency to think we 
are further ahead with the inspection than we actually are.

 Knowing that distraction can cause us to forget things, a way 
of “recognising and removing the link” is to re-trace a few 
steps back before picking up where you left off with the 
inspection. (Dirty Dozen – Distraction)
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BREAKING THE CHAIN - EXAMPLE 2 

 When inspecting a balloon, we usually rely on the pilot / owner and 
crew to assemble and rig the equipment.

 It’s easy to make the assumption that they know what is required 
and the sequence of events which are necessary to carry out a 
balloon inspection. 

 This could lead to the balloon being cold inflated before the grab test, 
or the burner rigged onto the basket before the burner and hoses 
have been visually inspected and leak checked. 

 A way of “recognising and removing the link” in this case is to have a 
simple briefing with “the team” (owner and crew), before starting the 
inspection to explain the sequence and why we need to do things in a 
certain order. (Dirty Dozen – Lack of Teamwork)
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BREAKING THE CHAIN - EXAMPLE 3 

 During an inspection of the envelope you check the tempi label 
reading, and if it’s more than +121°C (CB) or +127°C (UM) or 
+138°C (Kubicek) a grab test is required. ( and FYI – the labels are 
different colours and located in different areas!) 

 Then you check the parachute rigging, look for any fabric damage, 
check the control lines and then you leave the envelope – by which 
time you could have forgotten what the tempi label reading was.

 To “remove this potential link in the chain” - record the temperature 
on the inspection schedule as you look at the tempi label or take a 
photo of it, and belt and braces – ask crew or pilot to read back the 
temperature recorded.

 Follow the checklist and never make assumptions or work from 
memory.



Human Factors and MRM for Part 66 L3H engineers, Nov 2021, slide 18

YOUR EXPERIENCES

As a group, think back over the balloon inspections you have helped 
with or when your balloon was being inspected.

 Can you identify any occasions where you recognised or didn’t 
recognise any potential links or actual links in a chain that could have 
caused a problem?

 What could you have done to break the chain?
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YOUR OBSERVATION SKILLS !

Did you observe the missing 12th human factor in the list of the 
“Dirty Dozen” slide ?

 1. Lack of communication
 2. Complacency
 3. Lack of knowledge
 4. Distraction
 5. Lack of teamwork
 6. Fatigue
 7. Lack of Parts
 8. Pressure
 9. Lack of assertiveness
 10. Stress
 11. Lack of Awareness
 12. Norms = workplace rules, procedures and practices and  

following instructions!


