Index

A

abbreviations, xv

abnormal operations mode, 20

acronyms, xv

action decisions, experience-based, 211

action decisions, risk-based, 212

action item implementation, 35, 249, 251
example tracking log. 252

action items, 233

adequacy of safeguards, 211, 223,224

administrative approaches to risk reduction, 63,
234

alarm response. 25, 26, 277

American Institute of Chemical Engineers
(AIChE), 3

American Petroleum Institute (AP}, 290

anatomy of an incident, 18, 21

ANSI/ISA-84.00.01, 4

as low as reasonably practicable (ALARP), 212,
222,251

ASTM E 2012, 523

B

basic process control system {(BPCS), 20, 24,
220, 268, 269, 277

batch operation
example, 409

batch processes hazard evaluation, 197, 269

bibliography, 533

blast protection, 28, 291

Bow-Tie Analysis. 24, 171

C

Cause-Consequence Analysis (CCA)
example, 169

cause-consequence pairs. 213, 218, 219

Center for Chemical Process Safety 3, 301

changes from Second Edition, 4
checklist
chemical reactivity, 468
decommissioning, 452
expanded, 477
hazard checklist, 113
human factors, 279
inherent safaty, 472
management of change. 463
simplified, 111
Checklist Analysis, 211, 233
as hazard identification tool, 59
described, 93
example, 96, 379
exampie documentation, 98, 386
Checklist Reviews
for occupational hazards, 64, 204
chemical hazard data, 53
chemical interaction matrix, 55
Chemical Process Quantitative Risk Analysis
(CPQRA), 16, 224
chemical reactivity hazards, 5%, 272, 468
Chemical Reactivity Worksheet, 58, 523
CHRIS Manuat. 523
codes and standards, 39, 48
combined hazard evaluations, 197
commitment of resources, 335
communication of hazard evaluation findings,
253
computerized tools for hazard evaluation, 41,
321
consequence
examples. 19
consequence analysis, 23, 60
conseguences of concern, 27, 51, 32, 36, 101,
162, 163, 212, 213, 215, 217, 220, 226, 258, 261,
169, 406
containment and control, 24, 218
control measures, 24
Controt of Major Hazards (COMAH), UK, 30
cychc review, 202
example, 395
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D

decision on need for action, experience-based.
11

decision on need for action, risk-based, 212

deluge systems. 28

detection systems, 28

Digraph Analysis, 173

documentation of hazard evaluations, 245

Dow Chemical Exposure Index (CE!), 61, 83

Dow Fire and Expiosion Index (F&EI), 61, 84, &7,
182,290
example, 413, 426

drawing symbols, 519

E

emergency operations mode, 20, 278
emergency relief systems, 23, 28
emergency response, 216, 291
Energy Trace Analysis, 173
engineered approaches to risk reduction, 63, 234
environmental impacts, 205
Environmental Protection Agency (U.S. EPA), 4
error-likely situations, 276, 283
Event Tree Analysis (ETA)
described. 158
example, 160, 165, 365
inductive approach. 212
minimal cut sets, 162
safeguards, 139, 161
starting event, 159
experience-hased action decisions, 211
experience-based hazard evaluation methods,
71
explosion blast protection, 28

F

facilitator {ieam leader), 42
responsibilities, 43, 43, 46
facility siting, 49, 288
Failure Modes and Effects Analysis (FMEA)
described, 134
example, 139, 433
example worksheet, 140, 407, 448
failure modes, 137, 138
form. 157
scenarios for risk-based analysis, 212

Fault Tree Analysis (FTA}
cut set resolution, 147, 151
deductive approach, 212
described, 142
example, 132, 365
example fault tree, 148, 156
faults and failures, 144
minimal cut sets, 142, 152, 157, 223, 377
symbols, 143
Top event, 142, 144
tree construction rules, 150
fire protection systems, 28
FMECA, 206, 240
example, 242
EMEDA, 206
follow-up considerations, 233

G
glossary, xvii
H
hazard
definition, 51
examples, 19

Hazard and Operability (HAZOP) Study
action-only documentation, 129
cause-by-cause approach, 128, 357, 364
design intent, 116, 117
deviation-by-deviation approach, 128, 131,

132,133,353
deviations, 117,127
example, 129, 339, 3035, 409
example worksheet, 131, 132, 133, 353, 358,
364, 405,422
exception-only documentation, 129
form. 123
guide words, 115, 117, 118, 259, 261
knowledge-hased, 126
nodes, 117
of procedure-based cperations, 239
parameters, 117, 118
programmable system deviations, 271
safeguards, 117
scenario risk analysis, 212, 364
study sequence, 124
team-based requirement, 43
terminology, 117
variations, 116, 125
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hazard evaluation
houndaries, 38
combination of tools, 27
communication of findings, 233
defined. 11, 15
documentation, 245
during mergers and acquisitions, 203
experience-based methods, 71
follow-up, 35, 233
for management of change, 194
information requirements, 38, 179
limitations, 30
management response, 24%
method selection, 173, 263
non-scenario-based methods, 71
objectives, 36
of chemical reactivity hazards, 272
of generic technologies, 197
of mega-projects, 203
of procedure-based operations, 257
of product families, 197
of programmable systems, 268
predictive methods, 99
preparation, 33, 45, 265
recommendations, 233
rasolution of action items, 251
resource requiremeants, 71
scenario-based methods, 99, 212
scheduling, 435
scope, 38
synonyms. 16
templating, 197
hazard identification, 16, 49, 51
checklist, 477
Checklist Analysis, 59
chemical incompatibility hazards, 35
chemical reactivity hazards, 468
example. 309
hazard checklist, 113
hazard reduction, 62
Hazard Warning Structure, 173, 174, 535
HAZOP/LOPA combination, 274
HAZROP, 206
human factars, 49, 238, 281
Human Reliability Analysis (HRA)
described, 279
example, 284, 435
minimal cut sets, 449

I

identifying process hazards, 51
IEC 61511, 4

ignition source control, 23, 219, 220, 291

impact
defined. 22

differentiated from loss event, 213

example categories, 243

examples, 19

in scenario risk analysis, 213

order-of-magnitude scale, 214
incident investigation reporis. 39, 48
incident scenario, 18
incompatibility, chemical, 25, 55
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independent protection layers (IPLs), 216, 220,

223,224,225, 227, 228,230, 269, 275

infarmation requirements for hazard
evaluations, 38, 179
information sharing, 233
inherent safety checklist, 472
inherent safety reviews, 49, 62, 199
with Checklist Analysis, 95
with HAZOP Studies, 126
with What-If Analysis, 103
inherent safety strategies, 63, 234
initial team review meeting, 47
initiating cause
defined, 20, 117
examples, 19
frequency determination, 217

loss of containment frequency, 218

order-of-magnitude frequency scale, 217
instrumented protective systems, 4, 25
interaction matrix, chemical, 311, 312, 313

isolation valves, 28

J

Job Safety Analysis (JSA), 203, 258, 281

L

targe process defined, 72

Layer of Protection Analysis (LOPA), 5, 16, 26,

99, 214, 220, 223, 268, 269, 274
benefits, 224

described, 226

example. 231

HAZOP/LOPA, 274
limitations, 224
What-If/lLOPA, 274
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process hazard, 19
process hazard analysis (PHA), 29
process safety documentation, 35, 48
process safety management (PSM), 4, 11, 15,
17,29, 35, 253
process types, 151
programmabile control vs manual controf, 27
programmable systems
defined, 26§
hardware failure modes, 269
hazard evaluation of, 268
software failure modes, 268

Q

quality considerations, 206

R

ranking of recommendations, 238
example categories. 238
structural impertance ranking, 240
readiness review, 201
recommendations, 233
regulatory requirements, 4. 29, 38, 395
rejection of hazard evaluation
recommendations, 250. 251
Relative Ranking
described, 84
example, 90, 409
summary of indexes, §7
relief systems, 235, 28, 220
report contents, 246, 247, 248
research and development phase, 199
example, 315
resclution of action items, 23]
resource reguirements for hazard evaluations,
71,185
resources, process safety, 529
revalidation, 202
example, 395
risk calculation, 212
Risk Management Program (RMP} Rule. 4, 61,
534
risk matrix, 220, 242
example, 222, 244
risk reduction strategies. 63. 234
risk understanding. 17
risk-based action decisions, 212
risk-based process safety, 17
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S

safegquards
adequacy of, 211, 223, 224
defined, 23,117
documentation, 100
safety instrumented systems, 4, 23, 220, 268
Safety Review
described, 79
example, 83, 379, 389
scenario
defined, 22
examples, 214
scenario development, 212
chemical reactivity hazards, 468
scenario frequency, 217, 220
example categories, 243
scenario risk analysis, 212, 362
scenario-based hazard evaluation methods, 99,
212
scheduting of hazard evaluations, 43
scribe, 41, 43
secondary containment, 24, 28
security
comparison with process safety scenarios,
207
site security considerations, 206
selection of hazard evaluation methods, 175, 263
severity of consequences, 22
Seveso |l Directive, 4, 30
sharing of information from hazard evaluations,
253
short-cuts, 197
small system defined, 72
software for hazard evaluation, 41, 521
source-mitigative safeguards, 28, 106, 216
structural imporiance ranking. 240
Substance Hazard Index (SHI), 87
symbols for example drawings. 519

T

team composition, 42

team leader (facilitator), 42
responsibilitias, 43, 45, 46

team review meetings
arrangements. 46
aftendance, 48
facility walkdown, 47
initial meeting, 47
in-person vs remote, 45
rocm arrangement, 41
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team reviews sample questions, 104, 110, 319
importance of, 42 scenarios for risk-based analysis, 212
femplating, 197 What-l{/Checklist Analysis
Threshold Planning Quantity (TPQ) Index, 87 described, 107
Top event. 142 example, 109, 451
training. 24 scenarios for risk-based analysis. 106, 114,
Two Guide Word Analysis, 261 2i2
example, 262 What-IfLOPA combinaticon, 274
worked examples
vV Checklist Analysis, 379
Event Tree Analysis, 365
vehicle hazards, 22, 24, 220, 291 example facility and process, 305
vinyl chloride monomer (VCM) Fault Tree Analysis, 365
example production process, 306, 316 FMEA, 433
hazards, 317 hazard identification, 309
vinyl chloride monomer hazards, 310 HAZOP Study, 339, 395, 409
Human Reliability Analysis, 433
r management overview, 299
W Preliminary Hazard Analysis, 327
What-If Analysis purpose, 301 -
described. 100 Relative Ranking, 409
example, 104, 315 Safety Review,l 379, 389
example worksheet, 105, 323 What-If Analysis, 315
form. 104 What-If/Checklist Analysis, 451

of procedure-based operations, 261 worst-case consequences, 60



