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PROCEDURES
Accurate and clear operating and 
maintenance work instructions

HUMAN FACTORS
Addressing human factors missing 
from most management systems

PHA
Of all modes of operation (including 
startup, shutdown, and online 
maintenance) and all damage 
mechanism

NEAR MISSES
Getting Near Misses reported and 
investigated
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PROCEDURES

90% Of accidents have at least one 
root cause related to procedures



PROCEDURES

MAIN DEFFICIENCIES

CONTENT 
ACCURACY

FORMAT



PROCEDURES

DRAFT: Have USER write the first draft of 
instructions (engineers shoudl not write
operating procedures)

VALIDATION: Have another USER walk-down
the first draft in the field. Make a revised draft.

VERIFICATION: Have a technical expert
(e.g., engineer) walk-down the revised draft in 
the field.

PRESENTATION: Follow rules for page 
format and writing of steps. Issue final draft.

RISK REVIEW: Before using the final 
procedure analyze risk of Performing a Step 
Wrong and Skipping a Step*

* This is necessary even if the procedure is perfect 
because humans do not follow procedures perfectly



PROCEDURES

+95%
ACCURACY of 
CONTENT

+80%
FORMAT RULES

2-10x
HUMAN ERROR
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PHA

MODES OF 
OPERATION

(STEP-BY-STEP)

DAMAGE 
MECHANISMS

PREVIOUS 
INCIDENTS



PHA

Routine

Start up

Online 

maint.

Shutdown

Other non-

normal

ACCIDENTS DISTRIBUTION

+80% of Process Safety 
Accidents occur during 
startup, shutdown, and 
online maintenance

+80% of companies do not 
DO NOT properly 
analyze hazards during 
non-routine modes 



PHA

CONTINUOUS

Mode of operation

7 GUIDE WORD

HAZOP of steps

2 GUIDE WORD

HAZOP of steps

WHAT IF

AnalysisNON-ROUTINE

Modes of operation

PHA TIME METHODOLOGY



70% PHAs do not cover Damage 
Mechanisms in each node*
*PHAs audited by PII

PHA
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PHA

No.: 1 Description: Transfer line from Pentane Storage tank to Reactor R-1
SOP: SOP-100-001, SOP-100-002, P&ID: CUL-101-001

Item Deviation Causes Consequences Safeguards Action Items

1.10 Loss of 
containment

1. II Causal Factor - Humna error -
Drain valve was left open after 
maintenance on storage tank and 
piping

1. Incident # 2015-08-20-33  1000 lbs of pentane 
released resulted in small fire

1. II Recommendation Implemented - added 
valve configuration list to "Start-up after 
maintenance turnaround" procedure and signoffs 
before continuing to startup procedure

Actual 
Causal Factor

Detailed result 
of the incident

II Recommendation
(If implemented)

Recommendations
(If neccesary)

Documenting Previous Incidents within PHA tables
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1,000,000

Errors (which include

unsafe acts and unsafe

conditions)

10,000

Near Misses

100

Minor Accidents

Major Accident

(catastrophe)1

Free Learning



NEAR MISSES

?

Loss/Harm Loss/Harm
(but no specific Near Hit)

Near HitNear Hit Near Hit Near Hit

Causal 
Factor

Causal 
Factor

Causal 
Factor

Causal 
Factor

Causal 
Factor

Causal 
Factor

Causal 
Factor

RCRC RC RC RC RC RC RC RC RC RC RC RC RC RC



+90% Chance of finding problems 
and correcting them 

15-20 = NEAR MISS INVESTIGATION
ACCIDENT

NEAR MISSES



NEAR MISSES

Pre-RCA Tasks
(including ER)

Analyze
Now?

YesPerhaps later

Put in database
only for now

(minimal data)

What 
problems

recur 
often?

Gather much
more data

No further action

Analyze
data for 
causes

Analyze data for RC

Make
recommendations
and write report

Resolve
recommendations
and communicate

Put root
causes into
database

Incident/ 
Problem 
occurs



NEAR MISSES

USE a Full 
Root Cause 
Approach for near 

miss investigations, but….

… only produce a 

MINIMUM 
REPORT
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HUMAN FACTORS

99% of accidental losses begin 
with a human error*
(except for natural disasters)

*supported by data from more than 1500 investigations



HUMAN FACTORS

Root causes of accidents are 

management system weaknesses
(Center for Chemical Process Safety, American Institute for Chemical Engineers, “Guidelines 
for Investigating Chemical Process Incidents”, 2003) – US OSHA agrees

WEAK 
MANAGEMENT 

SYSTEMS 

HUMAN 
ERROR

ACCIDENTS
Near

Misses



HUMAN FACTORS

Human factor category Human factor issue/level

Multiplier for 

cognitive & 

diagnosis errors

Available time (Includes 

staffing issues)

For responses only

Inadequate time P(failure) = 100%

Barely adequate time (~2/3 × nominal) 10

Nominal time 1

Extra time (Between 1 and 2 and > 

20min)
0.1

Expansive time (>2x nominal and > 

20min)
0.01

Stress/Stressor (Includes 

staffing issues)

Extreme 5

High 2

Nominal 1

Complexity and task design

Highly complex 5

Moderately complex 2

Nominal 1

Obvious diagnosis 0.1

Experience/

Training

Low 10

Nominal 1

High 0.5

Procedures

Not available 20

Incomplete 10

Available, but poor 5

Nominal 0.5

Diagnostic/Symptom oriented 1

Human factor category Human factor issue/level

Multiplier for 

cognitive & 

diagnosis errors

Human-Machine interface 

(includes tools)

Missing/Misleading 20

Poor 10

Nominal 1

Good 0.5

Fitness for duty

Unfit (High fatigue level, ilness, strong 

medication, not physically capable of 

job today)

20

Degraded fitness 5

Nominal 1

Work processes and 

supervision

Poor 2

Nominal 1

Good 0.8

Work environment
Extreme 5

Good 1

Communication

No communication or system 

interference/damage
10

No standard for verbal 

communication rules
5

Well implemented and practiced 

standard
1

HUMAN FACTORS CATEGORIES

2

1

3



HUMAN FACTORS TYPICALLY MISSING FROM 
PROCESS SAFETY 
1. Best practices for content and format of OP procedures

2. Verbal Communication Standard (repeat back, etc.)

3. Fitness for duty (fatigue management, etc.)

4. Task design to match human (includes work environment)

5. Human-System Interface (displays, labels, handheld 
prompts, etc.)

6. Staffing  considerations for error reduction

HUMAN FACTORS



Closing gaps and finding missing scenarios has

greater than 100:1 payback


