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A WARNING

Diving in contaminated water is very hazardous and is not recom-
mended. The equipment, procedures, and techniques presented in this
book represent the most current information available on the subject at
the time of this printing, but are not reliable under all situations.
Technology, hazards, and procedures constantly change, and some of
the material you may find in this book may not be the current state-of-
the-art.

This book makes no recommendations for “safe” exposures in con-
taminated water. Each diving operation must be evaluated by the on-site
supervisor and the diver. Every hazard varies with concentration, expo-
sure time, equipment compatibility, and other chemicals that may have
altered the physical make-up of the diving equipment at some earlier
date. If there is the slightest doubt regarding the hazard level, the diver
must not dive. If you make a mistake during a dive in a high-risk environ-
ment you may be seriously injured or killed.

This book is not a substitute for qualified instruction in basic diving,
dry suit diving, full-face mask diving, surface-supplied diving, or in deal-
ing with hazardous materials. The purpose of this book is to provide
supplementary information as part of a “hands-on” training program.
Only after a diver has completed training in each of the above areas does
he become qualified to participate in contaminated water diving activi-
ties. As equipment, techniques, and hazards change, the diver must con-
tinually update his training to maintain proficiency.

v



Diving in High-Risk Environments

Table of Contents

Acknowledgements X
Technical Reviewers for the Fourth Edition Xl
Preface to the Third Edition XIV
Preface to the Fourth Edition XVI
Chapter 1 Confronting the Issues in Dangerous Underwater Environments 19
All Diving Entails Risk 19
Different Types of Dangerous Underwater Environments 21
Diving in Contaminated Water Has Unusual Risks 21
Know the Standards that Apply to Your Type of Diving 22
Becoming Risk Aware : 22
Case History — Marine Bacterium § ; 23
Chapter 2 Identifying the Risks in Hazardous Underwater Environments 25
Risks Created by Diving Equipment 25
Risks in Using Full-Face Masks 26
Risks in Using Diving Helmets 26
Risks in Surface-Supplied Diving 27
Risks in Using Dry Suits in Warm Conditions 27
Risks in Using Dry Suits in Cold Conditions 29
Risks in Diver-to-Diver Contamination 30
Pollution Comes from a Diversity of Sources 30
Chemical, Biological, or Nuclear? 32
Microscopic Biological Contaminants Can Cause Huge Problems 32
Biological Contaminants are Classified as Pathogens 32
Bacteria are single celled creatures 33
Protozoans include creatures with whip-like tails
and shape-shifting Amoebas 35
Toxic Dinoflagellates 36
Viruses 38
Canadian Geese and Swimmer's lich 39
|dentifying Biological Hazards 39
Chemical Hazards Come in Many Different Forms 40
Hazardous Materials Risks Are Proportional to Exposure Times
and Concentrations 4]
Planning For the Worst! 42
Explosives Can Be Toxic As Well As Volatile (Class 1) 42
Compressed Gases Can Create Unusual Dangers (Class 2) 43
Many Flammable Liquids are Carcinogens (cancer causing) (Class 3) 43
Oxic}i’zing Agents (Class 5) 44
Poisonous Substances Can Cause Death Quickly, or Slowly... (Class 6) 44
Hidden Dangers in Harbors and Hull Searches 46
Creosote is Commonly Found in Harbors 47
Corrosives Cause Damage to Living Tissue 48
Pesticides Can Cause Reproductive Damage 49
Cancer Found in Israeli Navy Divers 49
Water-Reactive Materials 50
Extreme Hazard Pollutants - Don't Go Therel 50

v



Diving in High-Risk Environments

Diving Equipment Performance in Chemical Environments
No diving equcij)ment can protect you from radiation!
Case History — Body Recovery in a Hog Waste Lagoon

Chapter 3 Scuba Systems for Diving in Contaminated Water
Conventional Scuba Gear Doesn't Cut It in Contaminated Water!
Features of Full-Face Masks for Scuba
Full-Face Mask Breathing Systems
Submersible Pressure Gauges are Essential for Full-Face Mask Diving
Every Full-Face Mask Needs a First Stage
Rebreathers - Closed Loop Breathing Systems
Communications are Required

Hard-wire communications offer excellent reliability
Wireless Communications Mean Freedom
Dry Suits Provide Warmth and Help Protect Your Skin

_Dry suit hoods to keep your head dry

Dry suit zippers - waterproof and pressure proof

Dry suit valves help control your buoyancy

Inflator valves provide air to your suit

Inflator hoses
Exhaust valves must let air vent but keep contaminants out
Hand Protection - Warmth and Help With Chemical Protection
Sealing systems for dry gloves and mittens
Dry gloves provide vital hand protection
Dry mittens - more warmth, less dexterity
Dry Suit Underwear is Essential in Cold Water

Thinsulate®
Polartec®
Polypropylene
Cooling vests for warm environments
Dry Suit Accessories
Fins - you're going to need a bigger pair
Weight belts and weight harnesses
Buoyancy compensators
Low-pressure swivel “T”
Knife
Wire cutters
Why divers are like frogs

Chapter 4 Surface-Supplied Diving Equipment

Evolution of Surface-Supplied Diving Gear

Components of the Surface-Supplied Diving System

Compressed Air Suppl

The Diver’s Air Maniﬁaréi Box: Surface-Supplied Diving
Pneumofathometer System

Topside Communications Box

Diver’s Umbilical

Full-Face Masks: Applications in Surface-Supplied Diving
Manifold block for full-face mask diving

Diving Helmets Provide the Most Protection in Contaminated Water Diving

Vi



Diving in High-Risk Environments

Every Diver Needs a Bail-Out System 106
Bail-Out System and Helmet Accessories 107
Mating Dry Suits 108
Reclaim Systems 109
Steel-toed boots 109
Case History — Diving in Mexico City's Sewers 111
Chapter 5 Dive Planning 113
Selecting the Right Equipment 13
The Zone Management System 114
Placement of the Dive Gear 115
Operating From a Boat 118
Liveboating can kill you 118
Dive Team Responsibilities 119
The Diving Supervisor 119
The Diver’s Air Manifold Operator 119
The Diver’s Tender 121
Divers must know their limits 122
The Standby Diver 123
The 90% diver... 124
The Standby Tender 125
Additional Dive Team Members 125
Inoculations Help Protect You from Disease 125
Evaluating the Dive Site 126
Job Hazard Analysis 126
Depth and decompression 126
Weather Conditions 127
Visibility is usually poor for most high-risk dives 128
Divers cannot swim against strong currents 128
Be prepared for emergencies! 128
Planning for Decontamination 129
Alternatives to Manned Diving Operations 130
Video systems are your eyes in the water 130
Magnetometers help locate metal objects 130
Remotely operated vehicles (ROVs) go where divers can't 131
One Atmosphere Diving Systems 133
Incident Command System 134
Case History — Salvage of a Barge Carrying Sulfuric Acid 135
Chapter 6 Diving Techniques 137
Contaminated Water Scuba Operations 137
Dressing the diver for contaminated water 137
Attachment of dry gloves 138
Trimming the wrist and neck seals 139
Handle latex parts carefully! 139
A proper fitting hood is essential 140
Dressing In 140
Leak Testing the System 142
Tending the Tethered Scuba Diver 142
Communications 143
Use the "Rule of Thirds!” 144

Vil



Diving in High-Risk Environments

Full-Face Mask Techniques for Scuba 145
Dry Suit Diving Techniques for Scuba Divers 146
Working in the Contaminated Environment 147
Full-Face Mask Emergencies with Scuba 148
Dry Suit Emergencies with Scuba 149
Surface-Supplied Diving 151
Setting Up tﬁe Diving System 151
Dressing the Surface-Supplied Diver for Contaminated Water Operations 154
Lleak Testing the System 156
Tending the Diver 156
Operating the Diver’s Air Manifold 158
Preparing Yourself as the Standby Diver 161
The Dive Supervisor On-Site 162
The Diver’s Techniques 162
Emergency Procedures for the Surface-Supplied Diver 164
Case History — Amoeboid Infection of the Brain 165
Chapter 7 Decontamination 167
On-Site Decontamination 167
Equipment Removal 171
Definitive Decontamination 172
Case History — Staphylococcus Infection of a Diver 173
Chapter 8 Potable Water Diving 175
Who is Qualified fo Dive in a Potable Water Tanke 175
Hazards of Potable Water Diving 176
Potable water diving is specialized work 177
Potable Water Diving Standards 178
Equipment Requirements for Potable Water Diving 178
Setting Up the Dive Station for a Potable Water Dive 179
Diving Techniques Inside Potable Water Storage Tanks 181
Emergency Procedures in Potable Water Diving 181
Procedures Following a Potable Water Dive 182
Case History — Diving Accident in an Aqueduct 183
Chapter 9 Equipment Maintenance 185
Maintaining dry suits 186
Maintaining masks and helmets 188
Maintaining the diver's umbilical 190
Splicing the communications wire 192
Maintaining the diver's air manifold 193
Case History - Accident in a Sewer Outfall 194

Appendix A: Permeation and Chemical Tests, and Equipment Specifications 195
Table #1: Immersion Test Results of Selected Diving Helmet Components

Exposed to Concentrated Chemicals 197
Table #2: Chemical Permeation Tests of DUI Trilaminate Suits 198
Table #3: Chemical Permeation Test Results for DUI RS1050 Material 198
Table #4: Chemical Permeation Test Results for DUl Vulcanized Seams 199
Table #5: Bacteriophage Test ASTM F1671 (Material Seams)

DUI RS1050 200

Vil



Diving in High-Risk Environments

Table #6: Chemical Permeation Test Results for Hunter Vulcanized Seams 201

Table #7: Chemical Permeation Test Results for Hunter Dry Suit Material 202
Table #8: Chemical Permeation Tests of Viking Suits 203
Table #9: Glued Seam Diffusion Test Results F%r Viking Pro & HD Suits 204
Table #10: Permeation Tests of Viking HDS Suits to EN14225-2 205
Table #11: Chemical Penetration of Dynat Zippers 206
Table #12: Permeation Test Results for Neoprene & Butyl Gloves 207
Table #13: Whites Haz-mat Dry Suit Tests 208
Table #14: Interspiro Diving Cylinder Specifications 209
Table #15: Ocean Reef Neptune Space Material Specifications 210
International Public Safety Diver Line Signals 212
Basic Shore Search Pattern 212
About the author - Steven M. Barsky 213
About the Model: Kristine C. Barsky 215
About Dive Rescue International 216
Sponsor Section 217
Appendix B: Incident Command System (ICS) Sample Forms 226
Incident Command System Form 202 - Objectives 227
Incident Command System Form 204 - Assignments 228
Incident Command System Form 206 - Medical Plan 229
Incident Command System Form 205 - Radio Communications Plan 230
Bibliograph 231
Guidelines ror Diving in Contaminated Water 240
Index 243

IX



