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■  Identif y the “victim search markings” approved  
by FEMA that are used during technical  
rescue operations  

■  List and describe the proper procedures to be used 
during void space rescue operations 

■  List and describe the proper procedures to be used 
during high-angle rescue operations 

■  List and describe the proper procedures to be  
used during trench and excavation collapse  
rescue operations  

■  Identif y factors to consider for rescue operations  
during marine emergencies  

■  List and describe the proper procedures to be used 
during confined space rescue operations 

■  List and describe the proper procedures to be used 
during industrial machine operations 

■  List and describe the proper procedures to be used  
during elevator and escalator rescue operations  

■  Describe medical considerations that can impact  
rescue operations  

■  List and describe the proper procedures to be used 
during cave and tunnel rescue operations 

■  Describe what factors need to be considered during 
electrical emergencies 

INTRODUCTION 

According to National Fire Protection Association 
(NFPA) 1001, the Firefighter II should be prepared to 

help rescue companies and technical rescue teams safely 
manage water rescues, structural collapse rescue opera-
tions, trench and excavation collapse rescue, rescues in 
caves and tunnels, elevator and escalator emergencies, 
energized electrical line emergencies, high-angle rescues, 
motor vehicle entrapments, and industrial accidents. 

In the sort of multitiered response system common in 
many progressive fire departments, the first-arriving 
engines, ladder/truck companies, and other first-
responder units are tasked with sizing up the emergency 
and recognizing if it is a technical rescue. They then 
ascertain if there are immediate personnel safety hazards 
and react to them by establishing command; requesting 
additional resources as needed; stabilizing the scene 
(including isolating and denying entry to the public in 
the operational area); attempting immediate life-saving 
rescue within the limitations of their training and equip-

ment; and coordinating with the responding rescue 
company or technical rescue team to define, establish, and 
implement a definitive solution (rescue of the victim with 
safety measures for personnel). In this type of system, the 
first-due firefighters are responsible for supporting the 
rescue company or technical rescue team (see fig. 35–1).

 FFII 6.4.2 Based on those goals, the Firefighter II 
should be capable of supporting rescue companies and 
technical rescue teams: establishing barriers, recognizing 
and retrieving rescue tools, understanding the hazards 
of rescue operations, and assisting as a member of the 
rescue team as needed and  according to their SOPs. 

Ropes and knots, vehicle extrication, and forcible entry 
are covered in other chapters this of textbook. This 
chapter concentrates on the remaining skills, knowl-
edge, and abilities for the Firefighter II to support rescue 
companies and technical rescue teams. In all cases it’s 
recommended that every Firefighter II supplement this 
information with formal didactic and manipulative 
training to develop and hone their skills and knowledge. 

A final word about rescue: This chapter cannot describe 
every possible situation the Firefighter I and II may 
encounter. A sample of training requirements for some 
rescue companies is included in Appendix B to help illus-
trate the wide variety of rescue knowledge and skills that 
may be required for modern firefighters to get the job 
done. And even with this level of sophistication in the 
modern fire service, there are some situations for which 
a clear solution with designated protocols, procedures, 
and equipment may not be evident. 

What would you do to resolve a similar rescue situa-
tion? Would you have the ability to adapt equipment, 
methods, and protocols from other disciplines into 
a seamless rescue operation? In addition to the basic 
skills covered in this chapter, it is the ability to innovate 
and take the best practices and use them to save lives 
in unusual emergencies that distinguishes top-grade 
firefighters and fire/rescue organizations. Starting with 
the skills and knowledge covered here, you will have 
an opportunity to take it to the next level of prepared-
ness to manage the ever-expanding risks confronting 
modern firefighters. 
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The current water level has perhaps the greatest influence 
on the hydrolog y (and the look) of a waterway. Many 
small riffles indicate shallow water. This is particularly 
true where the current passes over gravel bars. As the 
water gets deeper, the surface tends to look smoother. 

Submerged obstructions, such as rocks, cause a charac-
teristic swelling on the surface just downstream of the 
obstacle. These bulges are an indication of objects below 
the surface (fig. 35–5). 

Fig. 35 –5. How water level and its relationship to 

submerged objects affects the appearance of the surface 

of moving water. 

The protruding object also causes the water to 
part into a V pointing upstream. We call this an 
upstream V. Swimmers approaching from upstream 
will see a V pointing upstream at them, indicating an 
obstruction to avoid. The downstream point of the eddy 
lines, where the main current resumes, is called the eddy 
tail. Where two eddy tails meet, or where the channel 
narrows and pushes the current together from both 
sides, a V pointing downstream forms. This is called a 
downstream V, and it’s a good indicator of deeper, faster 
water with few obstacles (fig. 35–6). 

The slower moving water along the shore often circu-
lates with water in the middle in a spiral motion, 
which we call a helical flow. The water along the shore 
is pulled to the middle and dives down, returning to 
shore along the bottom and then returning to the 
surface in a corkscrew motion. 

When a river encounters a curve and strikes the shore 
at the outside of the cur ve, the water tends to carry 
away material and undermine the banks (unless they 
are lined with concrete or riprap). The water deflects 
off the outside bank and moves downhill once again 
in a straight line. Even if the current appears to make a 
graceful arcing change of direction, it’s actually trying 
to move in a straight line until it’s deflected by another 
curve or some sort of obstacle (fig. 35–4). 

Fig. 35 – 4. Current flow and shore eddies on a curving 

stretch of waterway 

The fastest moving water is found moving from the 
middle of the stream to the outside of the curve, then 
back to the middle (if the river straightens out). If there 
is a series of turns, the fastest water is found moving from 
the outside bank of the first turn to the outside bank of 
each subsequent turn. Conversely, the slowest water is 
found at the inside of the turn, just downstream of the 
bend. The difference between the fast and slow currents 
often creates an eddy effect in this area, known as a shore 
eddy. This can be used to escape the current, and it can 
also serve as a preplanned rescue point. 

Eddies are calm areas separated from the main current 
flowing downstream. As the obstacle upstream of the 
eddy breaks the current, a gentle reversing current is 
often the result. This is an area where large amounts of 
floating debris (and victims) may be found and where 
tired rescuers may find a break from the main current. 

Fig. 35 – 6. Upstream Vs and downstream Vs 





1014  FIRE ENGINEERING’S HANDBOOK FOR FIREFIGHTER I & II 

Water rescue equipment  
Firefighters operating near moving water should use 
a minimum level of protection (fig. 35–9). Personal 
flotation devices (PFDs) used by fire departments 
typically are type III/V U.S. Coast Guard approved 
for use in rough water conditions. They are designed to 
keep an unconscious person upright and tilted slightly 
back in the water to maintain an open airway. A foam 
collar keeps the wearer’s head out of the water. PFDs 
also provide limited torso protection. A whistle and 
rescue knife should be attached to a PFD. The whistle 
is for improved communication and warning. The knife 
is used if a victim or rescuer becomes tangled in rope 
or other debris and has a special blade for cutting rope 
safely and quickly. 

Fig. 35 –9. When working around moving water, responders 

must don appropriate personal protective equipment. 

Structural firefighting helmets are generally not 
designed for use in water rescue situations. Although 
they provide excellent head protection from falling 
objects, they can cause more problems than they prevent 
when worn in moving water. The bill on the rear of 
structural firefighting helmets tends to catch water and 
create sufficient drag to rip the helmet off the wearer’s 
head and tangle the chin strap around his neck. Rescue 

helmets provide full head protection and do not impair 
the wearer’s head movement and vision. Rescue helmets 
differ from structure firefighting helmets in that they are 
lighter and do not have a rear bill. 

Most fire department activities require safety shoes with 
steel toes. Water rescue incidents clearly have different 
footwear requirements. The use of heavy boots can be a 
hazard because they provide little traction on wet river 
banks. If firefighters fall into the water wearing boots, 
they are at a disadvantage from the start. 

Firefighters typically have a pair of running shoes at their 
work site for participation in physical fitness programs. 
Running shoes are much more effective than work boots 
or turnout boots when working near moving water. 
They are the recommended footwear for many water 
rescue incidents if the alternative is turnout boots or 
work boots, which are slippery on wet shorelines and can 
impede the firefighter’s ability to swim if water immer-
sion occurs. There are also a wide variety of specialized 
rescue and outdoor recreation and water rescue footwear 
items available. 

Fire and rescue agencies use a variety of devices as life 
floats. Some are commercially made, whereas others are as 
simple as inner tubes wrapped with bungee cord netting 
(fig. 35–10). 

Fig. 35 –10. Improvised flotation device with two throwbags 

for control 

Hose inflators allow engine companies to inflate 2½-inch 
fire hose with air from SCBA bottles. The inflated hose is 
used in rescues from bridges, low-head dams, and other 
water rescue situations. 

There is a great temptation for rescuers to tie themselves 
into rope systems when working in moving water. This 
may be inviting tragedy. If the line becomes tangled in 
debris, or if the rescuer is unable to get free of a static line, 
the rescuer can be forced to the bottom and drown. The 
effect is similar to a water skier who falls off his skis and 
attempts to hold onto the tow rope. 
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upside down as they submerge and bury themselves in 
mud), air/water pressure differentials, failure of electrical 
systems, and other complications. 

Fortunately, many passenger vehicles tend to float for 
several minutes (if there isn’t severe damage) before 
submerging. Electrical windows and door unlocking 
systems tend to work long enough for conscious victims 
to make an escape before the auto goes below the surface. 
Many buses, however, tend to sink almost immediately. 

One of the most important factors is the amount of 
impact a vehicle experienced before and after it entered 
the water. Regardless of the type and size of the vehicle, 
the amount of air trapped within is related to the amount 
of damage sustained as it hit the water (as well as whether 
or not the windows were down). 

Low-speed crashes into water may present a greater 
chance for rescue than a high-speed crash off a bridge or 
cliff. It may be possible to make a surface before the vehicle 
sinks. The vehicle tends to tilt somewhat depending on 
where the center of gravity is. A front-engine car tends to 
tilt forward, exposing the rear window. This is ideal if the 
windows are rolled up because the tempered glass of the 
rear window shatters with a blow from a sharp object like 
an axe. A blow to one corner of the glass is most effective. 
Victims can then be pulled out through the rear window 
before the car goes down. 

Rescue can be made from the side windows if the 
occupants are able to roll them down (or if they were 
down to begin with). Electric windows may still operate 
for a time even when a vehicle submerges. If the windows 
are inoperable or the victims are unconscious, the side 
windows (also tempered) can be shattered just like the 
rear window. 

Windshields are notoriously difficult to break because 
of the lamination process that protects them from 
accidental breakage. Therefore, firefighters should avoid 
wasting valuable time trying to break a windshield unless 
there are no other options. 

Note that the vehicle can suddenly tilt vertically and 
plunge to the bottom, and rescuers don’t want to be 
climbing through a window (or in the car) when this 
happens. In fact, rescuers should move far away from the 
car if it appears to be ready to submerge. Rescuers do not 
want to be near such a large moving object in the water. 
Rescue efforts can continue once the vehicle has come to 
rest below the surface. 

In deep or murky water, rescuers may have difficulty 
finding the vehicle. If it appears that the vehicle will 

submerge before victims can be removed, it may be 
possible to tie a rope to the bumper to guide rescuers 
to the vehicle after it goes to the bottom. A submerged 
vehicle leaves clues to its location. They may include 
a continuing trail of escaping air bubbles, an oil or 
gasoline slick, or articles floating to the surface. At night, 
headlights may be seen shining up from below. 

In some cases it may be necessary to stabilize a submerged 
vehicle before rescue can proceed. The guide rope can be 
used for this purpose in calm water. Tying it to a bridge, 
tree, or other strong anchor at least lessens the chance of 
the vehicle moving and pinning a rescuer or victim. A 
winch, tow truck cable, or crane can follow the rope to 
provide additional stabilization. Other measures may be 
necessary under some conditions. 

In some cases, the position of the vehicle can hinder rescue 
operations (i.e., a vehicle on its side with the exposed 
doors inoperable because of impact damage). Firefighters 
may need to move the vehicle to proceed with rescue 
operations. A tow truck, A-frame with a winch, or crane 
should be used when possible. If these devices are avail-
able, it may be possible to lift the vehicle to the surface. 
A heavy-duty crane may be able to pick the vehicle out of 
the water and set it on the shore. Obviously, this creates a 
much safer work environment for rescuers. 

Under limited conditions, a rope hauling system could 
be used to move a vehicle in a life-and-death emergency. 
The human-powered pull raising system with a brake is 
one alternative. Mechanical advantage systems may also 
be used to move limited loads. 

Doors may be difficult to open because of the pressure 
differential between the inside of the vehicle and the 
water. In some cases they may be opened when the 
vehicle fills with water, which equalizes the pressure. 
Doors may be difficult to open even when the vehicle is 
filled. Consider the possibility that the vehicle may have 
struck an object prior to going into the water. Previous 
impact, or even mud, may have jammed the doors. 

ICE RESCUE 
Ice rescues are complicated and dangerous because we 
have three main hazards to deal with: 

1. Water is inherently dangerous to humans because 
it’s a foreign environment in which we can’t breath, 
and it robs the heat from our bodies. 
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MUD AND DEBRIS FLOW  
RESCUE OPERATIONS  
Mud and debris flows are among the most hazardous 
emergencies because they combine some of the most 
dangerous characteristics of swiftwater, flash floods, and 
mud slides (fig. 35–12). They have been known to wipe 
out entire cities, kill thousands of people, and give little 
warning before leaving large areas buried under dozens 
of feet of mud and rocks. They are extremely dangerous 
because, unlike water, swimming in a mud and debris 
flow is generally not an option because of the load carried 
in the flow, which tends to batter victims and leave their 
bodies with severe physical trauma in addition to the 
drowning mechanism. 

Fig. 35 –12. Significant mud slides are rare events, 

but present a complex variety of hazards to 

emergency responders. 

Mud and debris flows are common where steep 
mountains are affected by extreme erosion, earthquakes, 
volcanic action, fires, and other debris flow producers. 
Also, mud and debris flows and mud slides can 
sometimes create natural dams in canyons that are not 
visible (because of location, rain, darkness) to personnel 
working downstream. The only warning might be signs 
like water flow interruption. Failure of these natural dams 
can create a flash flood of mud, debris, trees, boulders, 
and vehicles with devastating consequences. 

Wildfires are a particularly important trigger in some 
regions (especially the Western ranges), because after fire 
season come the winter rains (fig. 35–13). As the rain 
strikes, rocks and soil begin sliding off the mountain 
sides and falling into the canyon bottoms. Then, when 
intense downpours occur, tremendous amounts of 
debris can be quickly turned to a slurry and mobilized 
into a large flood of mud, rock, and water. The winters 

following major wildfires require extra vigilance and 
planning to prepare for the possibility of damaging mud 
and debris flows. 

Fig. 35 –13. The winter season following a major wildfire is 

an opportune time for mud slides. 

The Firefighter II should understand that mud and 
debris flows often arrive in multiple waves or surges. 
Firefighters attempting to rescue people from a mud and 
debris flow should assume they are in imminent danger 
of being affected by larger waves or surges of mud, water, 
and debris that can strike with little warning (fig. 35–14). 
Important considerations when arriving on the scene of 
a mud and debris flow include the following : 

 Assess the condition of the incident site, including 
the stability of slopes, hazards like deep or moving 
mud and debris, shifting structures, and so forth. 
Is it a recently burned area? If so, an extra measure 
of precaution is required because the likelihood of 
multiple mud and debris flows is greatly increased. 

 Establish upstream lookouts for secondary mud and 
debris flows or mud slides. 

 Establish the following zones: 

–  Exclusion zone: Within 100 ft (30.5 m) of 
the mud and debris flow and the debris field. 
Consider an exclusion zone of 500 to 1,000 ft 
(152.4 to 304.8 m) from debris flows on slopes 
26° or greater. 

–  Operational zone: To within 100 ft (30.5 m) 
from the edge of the flow 

–  Support zone: At least 100 ft (30.5 m) from 
the outside edge of each side and the base 
of debris flow 
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STRUCTURE COLLAPSE 
OPERATIONS 
Firefighters arriving at the scene of a structure collapse, 
regardless of the cause, typically need to complete the 
following tasks simultaneously: search for missing 
victims, prevent secondary collapse through shoring , 
rescue trapped victims, knock down fires from gas leaks 
and other causes, identify and react to possible hazardous 
material releases, and treat casualties (fig. 35–16). These 
are among the most challenging emergencies to which 
firefighters respond. 

If the collapse is caused by a terrorist attack, secondar y 
devices are a primary consideration. If it’s a large earth-
quake, these simultaneous challenges may be multi-
plied many times over, across an entire city, county, or 
region. First-due firefighters may be on their own for an 
extended period of time before help arrives in the form 
of rescue companies, technical rescue teams, or regional/ 
state/federal urban search and rescue task forces. So it’s 
important to understand the basics of collapse emergen-
cies and be prepared to take immediate action and 
assist rescue companies or technical rescue teams when 
they arrive. 

Fig. 35 –16. Managing structural collapse incidents involves 

a wide variety of tasks. 

The modern fire and rescue service has developed a 
systematic approach to structure collapse emergencies. 
This approach is based on consensus of the most experi-
enced fire departments and rescue organizations, and 
now it is recognized and used by international urban 
search and rescue teams in disasters around the world. 
The basis of this approach is the five stages of collapse 
operations. Regardless of the size or scope of a collapse 

emergency or disaster, each particular collapse site can be 
effectively managed by conducting the five stages. 

Stage 1: Response, size-up, 
and reconnaissance 
When responding to a reported structure collapse, 
consider the possible causes and their associated hazards. 
Typical causes are fires, natural gas explosions, vehicles 
striking structures, construction accidents, mud slides, 
floods, avalanches, earthquakes, or bombs and other 
terrorist attacks. Each cause is often associated with 
particular hazards. Always consider the potential for 
explosion(s) caused by postcollapse gas leaks, secondary 
devices, and so on. 

Size-up is critical on arrival (fig. 35–17). What is the 
extent of the affected area? Is it a single building or an 
entire neighborhood or city? Conduct an eight-sided 
size-up of the involved building(s) and the surrounding 
area. Check the top, bottom (basement), and four sides 
of the building ; also check the air space around the 
building for falling hazards from adjacent structures and 
other aerial hazards. Finally, conduct a rotary sweep of 
the ground around the structure, looking for hazards like 
ruptured gas mains, broken water mains, railroad tracks, 
and other potential ground-level problems. 

Fig. 35 –17. When responding to structural collapse 

incidents, firefighters must consider how the collapse 

occurred and conduct a thorough size-up accordingly. 
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Apparatus placement. Just as in normal fireground 
operations, the placement of apparatus and vehicles is 
important for effectiveness of long-term operations. 
Parking heavy fire apparatus and bulky rescue vehicles 
in the wrong locations can complicate the situation by 
blocking access, placing personnel in the collapse zone, 
exposing units to the radiated heat of fires, preventing 
the deployment of supply hoselines and hand lines, 
preventing the proper placement of aerial ladders, and 
blocking egress and ingress for rescue companies, heavy 
equipment, and other critical resources. Some agencies 
have developed standard operating guidelines (SOGs) 
for collapse operations, including the placement of 
apparatus and personnel. The first-arriving officers must 
quickly develop a strateg y for the incident, and the 
placement of apparatus should reflect and support those 
strategic decisions. 

Aerial ladders/towers. Following the lead of FDNY, the 
SOGs for many progressive fire departments at struc-
ture collapse emergencies include the assignment of at 
least one tower ladder (aerial platform) at or near the 
front of the affected building(s). The ladder or platform 
is raised to an elevation from which a firefighter can 
observe the entire collapse zone and surrounding areas. 
This provides a constant lookout over the operational 
area, with particular emphasis on shifting walls, smoke 
or water appearing from cracks in walls, sagging roofs, 
and other signs of impending secondary collapse. The 
firefighter assigned as lookout should have the means 
to immediately notif y everyone on the scene when signs 
of impending collapse or explosion are noted. This may 
include a handheld radio, an air horn, a whistle, or some 
other signaling device. 

Firefighters should consider assigning tower ladders 
(aerial platforms) to different sides of the collapse zone 
to maximize the observation capabilities for lookouts 
(fig. 35–20). 

Engine companies. To deal with the potential for fire 
and explosions occurring during collapse rescue opera-
tions, at least two sources of water should be secured 
for firefighting and protection of trapped victims 
and firefighters working to rescue them (fig. 35–21). 
Additional engines may be positioned to support effec-
tive water supply operations (relay pumping , shuttling 
water, etc.). Engine companies can also be used for 
personnel, cutting teams, medical teams, litter teams, 
and many other functions. 

Fig. 35 –20. Aerial ladders can be used at technical rescue 

incidents as observation towers. 

Fig. 35 –21. Engine companies will be responsible for fire 

suppression activities and supporting technical rescuers at 

structural collapse incidents. 

Rescue companies and technical rescue teams. Rescue 
company and technical rescue team apparatus should be 
placed close to the collapse (but out of the collapse zone) 
where the heavy tools they carry can be put to the best 
use (fig. 35–22). Typically, this is directly in front of the 
collapse near an equipment pool. 

Paramedic/advanced life support units and ambulances. 
Advanced life support and paramedic units and 
ambulances may be positioned in a medical group 
configuration, in a mass victim configuration, or 
somewhere else away from the collapse zone that allows 
victims to be triaged, treated, and transported in a timely 
manner. 

Chief officers. If a chief officer vehicle is to be used as 
the command post, maintain a two-sided view of the 
incident, if possible, while remaining outside the collapse 
zone (fig. 35–23). 
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pry bars, hammers, axes, and hydraulic jacks to lift or 
move debris off lightly trapped victims without cutting 
through or moving structural elements that might cause 
secondary collapse without proper shoring. 

During stage 2 operations there is constant danger 
of causing secondary collapse or further crushing of 
trapped victims. Basic and advanced shoring systems 
may be necessary to prevent secondary collapse, and the 
Firefighter II may be requested to gather and assist with 
items such as hydraulic or pneumatic shoring ; timbers 
and lumber for wood shoring ; rescue air bags and jacks 
to lift, spread, and move items; and saws, coring tools, 
chain saws, and rescue saws with special blades to breach 
walls or cut through structural members and reinforced 
concrete slabs (fig. 35–27). The Firefighter II may be 
requested to help cut lumber for shoring , make wooden 
wedges, and associated tasks. 

Fig. 35 –26. Surface rescue is attempted on the outside of 

a structural collapse incident and involves rescue victims 

trapped beneath nonstructural elements. 

Fig. 35 –27. A chainsaw can assist rescuers in gaining 

access to victims trapped beneath collapse structures. 

Firefighters should not allow passersby and relatives 
to scamper over the rubble pile (risking secondary 
collapse or the crushing of victims beneath), pick away 
indiscriminately at structural members (whose removal 
may precipitate secondary collapse), or use torches and 
other spark-generating tools without appropriate fire 
protection (because an out-of-control fire might render 
the victims unsalvageable and endanger the lives of 
firefighters and other rescuers). 

Generally, during stage 1, 2, and 3 operations, firefighters 
should not allow heavy equipment to operate where 
surface rescue and void space search has yet to be 
conducted. Special caution and discipline are required 
whenever the use of heavy equipment is contemplated, 
especially when people may be trapped directly beneath 
the surface. Seek guidance from the rescue company or 
technical rescue team before putting heavy equipment to 
work in these areas. 

Firefighters should avoid actions atop the collapse 
pile that could precipitate a secondary collapse event 
(fig. 35–28). Every move should be thought out by 
each person, because one wrong move could have devas-
tating effects on people trapped beneath your feet, 
or adjacent to where you’re standing and operating 
(including your coworkers). 

Fig. 35–28. Firefighters operating on the surface of a structural 

collapse must be careful not to disturb the pile, as a 

secondary collapse can have deadly ramifications for victims. 

Firefighters may be assigned to establish bucket brigades 
to remove debris from atop the collapse pile. If so, make 
use of designated open spaces to deposit debris where it 
is out of the way of emergency operations or where dump 
trucks, front-end loaders, and other equipment can later 
be used to move it to another site. 

As the last readily accessible victims are removed, and 
as signs of additional victims trapped near the surface 
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In void space search we look for victims in void spaces 
and other places that could have afforded a reasonable 
chance of survival when the collapse occurred. The 
following places should be considered among the priori-
ties for physical search: 

 Between pancaked slabs 

 In sheltered parts of structures with higher 
likelihood of surviving the collapse 

 Beneath fallen walls 

 In basements and other underground locations 

 In voids beneath collapsed floors 

 Beneath stairs and in stairwells 

 Next to chimneys 

 In spaces around sturdy furniture, safes, washing 
machines, desks, and so forth 

 Rooms where access is difficult but where rooms 
have not yet collapsed 

 Beneath other victims 

It may be necessary for firefighters to assist rescue compa-
nies and technical rescue teams breaching walls, floors, 
roofs, and other structural elements, taking care not 
to further compromise the stability of the structure by 
cutting through weight-bearing beams and columns, 
and taking care to avoid cutting tensioned cables within 
concrete slabs (fig. 35–37). 

Fig. 35 –37. Assisting technical rescue teams by supporting 

breaching, breaking, and forcible entry operations is a 

common task for the firefighter. 

Rescue companies and technical rescue teams often 
avoid breaching walls, as it may undermine the structural 
integrity of the building. They are trained to understand 
that it’s generally safer to cut holes in floors and use the 
vertical shaft approach than to breach walls. If they must 
breach a wall or cut a floor, it’s safer to cut a small hole 
first to ensure that they are not entering a hazardous area. 

Rescue companies should understand that shoring 
should be used to support weakening walls or floors in 
the position they are found, not to restore structural 
elements to their original positions. Attempts to force 
beams or walls into place may cause secondary collapse. 
They should try to keep timber shoring as short as 
possible (the longer the timbers, the less weight they 
support and the more unstable the shoring system). 
Generally, any shoring that’s been installed should not 
be removed once it is placed in an unstable building , 
because doing so may precipitate a secondary collapse 
from loss of support (fig. 35–38). 

Fig. 35 – 38. Once supplemental shoring is placed in 

a building, it should not be removed, as it may cause 

secondary collapse. 

In some situations, engineered shoring, designed and 
supervised by structural engineers (including FEMA 
USAR Task Force Structures Specialists), may be 
required. This was the case in the aftermath of the 1993 
World Trade Center bombing , the Oklahoma City 
bombing , and the 9/11 attacks at the World Trade 
Center and the Pentagon. 

Rescue company and technical rescue team (urban 
search and task forces, etc.) members probe all acces-
sible void spaces and follow them when possible, looking 
for signs of trapped victims within the collapse zone. In 
some cases this is akin to following an earthquake fault 
or a narrow cave through the earth, exploiting existing 
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deal with high-angle rescues as a first-arriving firefighter, 
until the arrival of a rescue company or technical rescue 
team (at which point your responsibility is typically to 
assist these more highly trained rescuers). 

Fig. 35–41. High-angle rescue operations can occur in a 

variety of locations including buildings, mountains and bridges. 

Size-up. The following factors must be known about the 
incident, and this is information the first-arriving unit 
typically determines and communicates to the dispatch 
center and other incoming units: 

 What is the exact location of the incident and the 
best access for ground units and helicopters? 

 What is the victim’s predicament (e.g., trapped or  
stranded on cliff, fallen to bottom, etc.)?  

 Is victim able to assist in his or her rescue  
(e.g., injuries, age, frozen in place, etc.)?  

 Is this a situation best handled by a helicopter hoist 
or short-haul operation, a high-angle rope rescue, 
or a combination of both? 

 For vehicles over the side of a mountain road 
(possibly down a cliff or in a deep ravine), is there a 
vehicle extrication problem? 

 What equipment is needed (battery-powered  
hydraulic rescue tools, battery-powered  
reciprocating saws, etc.)?  

Rescue operations are as follows: 

 Until the victim is rescued, rescue companies  
and technical rescue teams typically should  
not be canceled. Doing so may delay the rescue  
of the victim and may create unnecessary risks  
to firefighters.  

 After ensuring firefighter safety, the next priority 
is to secure victims in danger of falling from their 
current position and securing vehicles in danger 
of rolling or falling. Typically, this is accomplished 
by having a first-responder firefighter rappel or 
be lowered over the side (by firefighters with 
appropriate training ) to either place a harness and 
safety line on the victim, connect a rope or cable 
to the vehicle to prevent it from moving , or take 
some other stabilizing action that can quickly be 
accomplished. Sometimes this is done by specially 
trained firefighters lowered from a helicopter, 
with ground support by first-responder firefighters 
(fig. 35–42). 

Fig. 35 – 42. An example of a situation where Firefighter IIs 

can assist rescue companies and teams 

 The next priority is to treat the victim immediately 
for life-threatening conditions while waiting for 
the rescue company or technical rescue team to 
arrive, or for first-responding units to establish and 
insert a litter team and prepare to raise the victim 
and rescuers. 

 If it has been determined that a rope system will be 
used, establish bomb proof anchors (fig. 35–43). If 
vehicles are used as an anchor, chalk the wheels and 
remove the keys from the ignition. 
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Fig. 35 – 46. Capstans are used in combination with winch 

systems and offer additional rescue options. 

 Injured victims should be securely packaged  
in a rescue litter bag before any raising  
or lowering operations.  

 Solid rescue litters generally should be avoided for  
helicopter hoist or short haul operations because of  
their aerodynamic properties beneath Rotorwash®.  

Potential jumper rescues. A twist on high-angle 
and rope rescues is in response to potential jumpers 
and hostage or crisis negotiation situations in high-risk 
environments like high rooftops, bridges, towers, and 
so forth. In many places, the primary responsibility of 
the fire department in these emergencies is to establish 
unified command with local law enforcement, provide 
safety support for the crisis negotiators, establish fall 
protection for the subject and potential rescuers, and 
be prepared to attempt a tactical rescue if conditions 
warrant. 

Typically, law enforcement agencies are charged with 
primary responsibility for crisis negotiations and scene 
security. Fire department resources may be requested 
to be prepared to conduct or assist with tactical rescue 
operations of crisis negotiators, subjects, hostages, or 
even bystanders (fig. 35–47). Additionally, firefighters 
are frequently requested to stand by in case of injury 
to subjects, negotiators, law enforcement officers, or 
bystanders, or in case a fire erupts during the course of 
negotiations and/or tactical actions. Following are some 
considerations and actions that the Firefighter I and II 
should be aware of and capable of handling. 

En route. Gather critical information from the dispatcher 
and mobile data terminal text descriptions that might 
indicate the nature of the incident (e.g., a possible jumper 

perched on a tower, whether the subject appears to be 
armed, and so forth.) 

Fig. 35 – 47. During jumper rescuers, the fire depar tment 

should work with the police department under unified 

command to establish a common incident action plan. 

 If available and appropriate for the situation, 
request a rescue fall cushion unit (e.g., stunt fall 
bags, carried by many U.S. fire department units) to 
respond to provide fall protection (fig. 35–48). 

 Ensure law enforcement and crisis negotiators have 
been notified. 

 Coordinate with the responding rescue company or 
technical rescue team via radio for any other needs. 

Fig. 35 – 48. If available, a fall rescue cushion can be a 

valuable resource at jumper incidents. 
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Operations. 

 Until arrival of the rescue company or technical 
rescue team, firefighters can coordinate with law 
enforcement to develop the basic strateg y (e.g., fall 
protection provided by the fire department, 
scene security provided by law enforcement, crisis 
negotiators make approach to the subject, fire 
department be prepared to attempt tactical rescue if 
necessary). 

 It should be noted that some law enforcement 
crisis negotiations teams use a two-negotiator 
approach whereby one is the talker (to engage with 
the subject) and the other is the shooter in case the 
subject produces a weapon or takes action that 
threatens negotiators, firefighters, or the public. 
And other law enforcement officers on the scene 
may be compelled to take action if the subject 
becomes a threat. Firefighters should be aware of 
all these issues so they can stay out of the potential 
line of fire. 

 If crisis negotiators aren’t present when firefighters 
encounter a jumper, the incident commander 
should confer with law enforcement to determine 
how contact will be established, by whom, and 
under what parameters. Law enforcement typically 
has jurisdiction over crisis negotiations, although 
the fire department sometimes arrives first and must 
make a judgement about the situation (fig. 35–52). 
It’s generally advisable to secure the scene, begin 
preparations for fall protection and tactical rescue, 
but wait for law enforcement to take the lead in 
negotiations. There are obviously exceptions, such 
as when it’s obvious that the subject is serious about 
jumping , or if the subject is intent on doing harm 
to another person (such as holding a child). But 
before taking action, these questions must always 
be asked: If we take action, why are we doing it, and 
why now ? What is the likely reaction of the subject 
if we take action? In most cases, the best solution 
is to wait, allow law enforcement to establish a 
presence, get crisis negotiators involved, and be 
prepared to provide fall protection and to conduct 
tactical rescue in a coordinated manner with law 
enforcement. 

 Departments with rescue air cushion units can 
coordinate with law enforcement and crisis 
negotiators to establish fall protection. 

Fig. 35 –52. If crisis negotiators aren’t present when 

firefighters contact a jumper, contact should still 

be established. 

 Tactical rescue is generally assigned to the rescue 
company or technical rescue team, with support of 
the other firefighters (fig. 35–53). However, first-
arriving firefighters should consider the potential 
need to initiate tactical rescue if conditions 
warrant. 

Fig. 35 –53. Tactical rescue is typically conducted by 

seasoned technical rescue personnel. 

Marine emergencies. Marine emergencies refer to 
incidents in which victims are in need of rescue on the 
open sea, lakes, or wide rivers resulting from airplane 
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hydrovac trucks, additional rescue companies, 
lighting , and utility companies are common 
requests for additional resources). 

 Request law enforcement response to assist in 
traffic control and other vibration-elimination 
and crowd-control measures required for working 
trench collapse incidents. 

On arrival: 

 Park apparatus at a safe distance from the collapse 
to reduce potential of vibration causing secondary 
collapse. No vehicles should be within 50 ft (15 m) 
of the trench, except possibly the hydrovacs or aerial 
ladder if required for soil removal and as a high 
point for vertical extraction (fig. 35–57). Instruct 
other units to do the same. 

Fig. 35 –57. Emergency vehicles should be staged at least 

50 ft away from trenches. 

 Isolate and deny entry into unshored collapse areas 
and unshored trenches. Generally, rescuers should 
not enter unshored trenches and excavations more 
than 5 ft deep, even for rescue. Alternatives are to 
work from outside the collapse area : using reaching 
tools; lowering in breathing apparatus masks and 
other supplies to trapped victims; reaching in with 
shovels to remove soil; and using rescue vacuums, 
which have long handles designed to allow rescuers 
to work from outside the collapse. Once shoring is 
in place, rescuers can start working their way in. 

 If construction workers, police, or others are 
digging in unshored areas to attempt rescue, they 
should be instructed to exit to a safe zone until 
adequate shoring can be placed. Failing to remove 
would-be rescuers from unshored areas risks 
additional victims if there is a secondary collapse, 
further complicating efforts. One alternative is to 

convince them to help you begin the process of 
stabilizing the scene using plywood and/or timbers 
as edge protection around the trench or excavation, 
and moving spoil piles (excavated dirt) at least 2 ft 
(0.6 m) away from the edges. 

 Remember that there is a greater than 50% chance 
of secondary trench excavation collapse following 
the original collapse. Isolating and denying entry 
until shoring is in place helps prevent additional 
victims if secondary collapse occurs. 

 Eliminate vehicle traffic, heavy equipment, and  
other causes of vibrations. Shut them all down  
except critical items like hydrovac trucks. Don’t  
forget to shut down nearby rail lines.  

 Locate the site supervisor to determine potential 
number of victims, their last known locations, and 
site-specific hazards like utilities, pipelines, water 
mains, and so on. Keep the site supervisor with 
the incident commander; do not allow the site 
supervisor to venture off. 

Rescue operations. Until the arrival of the rescue company 
or technical rescue team, first-arriving firefighters can 
begin performing the following tasks that keep them 
outside the unshored collapse zone. 

 Place edge protection in the form of wooden 
planks, plywood sheeting , or even backboards 
around all edges of trench/excavation (figs. 35–58 
and 35–59). This helps distribute weight of rescuers 
and eliminate secondary collapse. 

 Consider options for helping to stabilize the area 
directly around the victim from secondary collapse. 
Examples can include the placement of ladders 
and plywood to prevent wall failure. Trench rescue 
operations eventually require the trench walls to be 
pressurized in the shoring process, and these skills 
and equipment are generally outside the realm of 
the Firefighter I and II. 

 If the spoil pile is right on the edge of the trench, 
begin hand digging the pile back at least 2 ft (0.6 m) 
from the edge. Consider requesting an additional 
alarm for personnel for this labor-intensive work. 

 If possible, lower a helmet and SCBA mask to the 
victim with instructions to don both to provide 
head and airway protection in the event of a 
secondary collapse. 
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Fig. 35 – 61. Controlling utilities, especially water service, is 

of extreme importance during trench operations. 

 Precautionary ventilation into the trench and 
other collapse zones is advised under most 
circumstances to maintain a fresh atmosphere clear 
of contaminants. Consider the possible effects of 
dust from ventilation fans. 

 Radio your findings to the incoming rescue  
company or technical rescue team.  

 Identif y the incident commander, operations  
section chief, rescue group supervisor, safety  
officer, shoring officer, cutting team, logistics,  
medical group, and other standard positions  
for these incidents based on your agency’s  
standard protocols.  

 For long-term entrapment with potential for crush 
syndrome, compartment syndrome, and trauma 
complications, consider requesting a medical 
director or physician to advise paramedics on 
treatment, and a helicopter to expedite patient 
transportation to trauma center after the victim 
is rescued. 

Firefighters assigned to active rescue companies and 
technical rescue teams may see multiple confined-space 
emergencies practically every year. 

Fig. 35 – 62. Confined-space rescue can occur in industrial 

settings, transpor tation vessels, and a variety of 

other situations. 

There is a relatively high incidence of mortality among 
would-be rescuers during confined-space emergencies. 
There are strict federal and state laws regulating who can 
attempt rescue in confined spaces, what equipment they 
require, and the level of rapid intervention that’s neces-
sary. Entry into confined spaces is typically beyond the 
scope of the Firefighter I and II, but it’s important for 
all firefighters to understand the hazards and basic first-
responder operations. 

There are two major classifications of confined space: 
nonpermit spaces and permit spaces. A nonpermit 
confined space is any area that: 

 Is large enough for an employee to bodily enter to 
perform work 

 Has limited or restricted means of entry and  
egress, and  

 Is not designed for continuous human occupancy 

A permit confined space is any area meeting the afore-
mentioned conditions, and the following additional 
hazards: 

 Contains, or has a known potential to contain, 
Confined-space rescue. Confined-space rescue is one 
of the most difficult and dangerous duties, and most 
firefighters never encounter a true confined-space rescue 
in their careers. However, firefighters in some regions 
prone to confined-space conditions may respond to 
multiple rescues in this environment (fig. 35–62). 

a hazardous atmosphere 

 Contains material with the potential 
for engulfment 

 Has an internal configuration that may cause 
an occupant to become trapped or asphyxiated 
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and a guard posted, if necessary, to prevent reactivation. 
Restrictive entry and egress openings often contribute to 
the dangers of confined space rescues (fig. 35–65). 

Fig. 35 – 65. Restrictive ingress and egress openings in 

confined spaces present a large risk to rescuers. 

Darkness is a key hazard in confined spaces. Getting lost 
in a shaft or tunnel without light is obviously something 
to be avoided. Consequently, three separate and intrin-
sically safe light sources are carried by each entry team 
member who enters a confined space. One option is for 
first-arriving firefighters to establish flood lighting and 
other high-intensity lighting outside a safe distance away 
to illuminate the confined space portal. 

Engulfment and collapse is yet another potential hazard 
in confined spaces. Until proven otherwise, all confined 
space environments should be considered immediately 
dangerous to life and health (IDLH). As we have seen, 
the biggest danger is likely to be atmospheric. In every 
case it should be assumed that IDLH hazards exist 
throughout the duration of the entry. 

In some cases, a dangerous situation might even be 
created by performing actual rescue work in a confined 
space. Certain cutting , shoring , and lifting operations 
carry a level of inherent danger in any environment. The 
danger is multiplied if these tasks must be performed in a 
confined space. For example, cutting metal with torches 
is accompanied by toxic by-product gases that might 
normally dissipate in open air. If this task is required to 
free a trapped worker in a confined space, it may lead to 
a concentration of gases which, combined with other 
atmospheric hazards, may quickly reach IDLH levels. 

OSHA regulations require all employees (including 
fire and rescue personnel) who are expected to conduct 
or assist confined-space rescue to be protected from all 
existing and potential hazards through proper equip-

ment, training , and procedures. Although only certified 
personnel typically enter confined spaces to attempt 
rescue, there are several actions that first-arriving 
firefighters can take before the rescue company or 
technical rescue team arrives to improve sur vivability for 
the victim(s) and rescuers. 

En route. Consider special information from the 
dispatchers, as well as preplans for target hazards like 
refineries, industrial complexes, and other places prone 
to confined-space rescues. 

The first-arriving firefighters set the stage for a successful 
operation if they can quickly determine what has 
happened, the potential number of victims, the proba-
bility of victim survival, and potential hazards to 
rescuers (fig. 35–66). Inter view witnesses, the reporting 
party, and the site supervisor to obtain this informa-
tion. If work was being conducted in the confined space, 
request the entry permit that contains information 
about the space, entrants, and potential hazards. Obtain 
material safety data sheets (MSDSs) if available. Victim 
information should include the number of entrants, 
their location, age, sex, general health, special health 
conditions, what they were doing in the space, and what 
protective clothing and equipment was being used. 

Consider factors that indicate whether the situation is 
a potential rescue or a probable body recovery, based 
on the events that took place, the IDLH nature of the 
environment, the length of exposure, and other pertinent 
factors. The incident commanders and rescue company/ 
technical team officers must use a realistic risk-versus-
benefit calculation when developing the incident action 
plan and rescue plan. 

Fig. 35 – 66. First-arriving firefighters must gather as much 

information as possible from pre-incident surveys and on-

site facility representatives. 
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Fig. 35 –70. Webbing can be lowered through a confined 

space opening, tied around the victim’s hands and used to 

hoist them to safety. 

Fig. 35 –71. Monitoring of hazardous materials must occur 

in confined space rescue. 

Fig. 35 –72. Ventilation of the confined space can help 

alleviate a hazardous atmosphere and can make the space 

more tenable for the victim. 

If there is machinery involved, or industrial processes that 
might introduce contaminants into the confined space, 
or electrical or other utility hazards, first responding 
firefighters can conduct lockout/tagout procedures 
as follows: 

 All electrical, mechanical, or other forms of energ y 
must be shut down and de-energized prior to entry. 
Post a firefighter to guard against someone turning 
the switches back on during the operation. 

 All valves, switches, gates, or other control devices 
must be locked out with a keyed padlock and tag 
that reads, “DO NOT REMOVE. DO NOT 
TOUCH.” Again, post a guard to make sure no 
one circumvents these safety measures. 

 Hydraulic lines and pipelines must be blanked or 
blinded by disconnecting or using a provided steel 
plate blank out system. The system should then be 
bled to assure deactivation. 

 The key should stay with the person who places the 
lock or be given to a responsible person, such as the 
safety officer, attendant, or incident commander. 

 Locate a responsible party who is familiar with  
the systems to assist with this process and give  
any necessary technical advice about the facility  
and equipment.  
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(fig. 35–77). These kits may include cutting torches, Conduct lockout/tagout procedures as follows: 
whizzer saws, Dremel tools, small rescue air bags, 
fiber optic scopes, reciprocating saws, pneumatic rivet 
removers, assorted hand tools, and other items helpful in 
freeing people trapped in machinery. 

Fig. 35–76. Industrial and machinery rescue involves 

extricating patients from heavy-duty machinery and processes. 

Fig. 35 –77. Specialized tools kits may be assembled by 

departments to assist in extricating victims from known 

machinery hazards in their response area. 

It should be reasonable to assume that your local rescue 
company or technical rescue team also has such a kit and/ 
or an assortment of other tools that would be helpful in 
extricating victims from machinery (see Appendix A for 
a sample equipment inventory for rescue companies), 
but it’s never a bad idea to make contact with them to 
familiarize yourself with their capabilities, limitations, 
operational guidelines, and expectations. 

Let’s consider actions that can be taken by first-arriving 
firefighters at the scene of industrial entrapment 
emergencies. 

 All electrical, mechanical, or other forms of 
energ y must be shut down and de-energized prior 
to committing personnel to situations where 
machinery might suddenly move or become 
energized. Post a firefighter to guard against 
someone energizing machinery, switching the 
on button, or performing other acts that might 
endanger rescuers and the victim. 

 All valves, switches, gates, or other control devices 
must be locked out with a keyed padlock and tag 
that indicates, “DO NOT REMOVE” or “DO 
NOT TOUCH.” Again, post a guard to make sure 
no one circumvents these safety measures. 

 Hydraulic lines and pipelines must be blanked or 
blinded by disconnecting piping or using a steel 
plate blank out system (usually provided). The 
system should then be bled to ensure deactivation. 

 The key should stay with the person who places the 
lock or be given to a responsible person, such as the 
safety officer, attendant, or incident commander. 

 Locate a responsible party familiar with the systems 
to assist with this process and to give any necessary 
technical advice about the facility and equipment. 

First-arriving firefighters can also expedite the process of 
rescue by answering the following questions: 

 What is the mechanism of entrapment? What was 
the person doing when trapped? What kind of 
machinery is it (what drives it, what does it do, how 
did it grab or trap the victim)? 

 Has a similar mishap happened before, and how  
was it resolved?  

 Can the mechanism be reversed safely in a way 
that will cause the least amount of pain, injury, and 
damage to the victim? 

 Can the victim be freed by torching or cutting  
a chain, cutting a belt or band, disassembling a  
gear, and so forth (after securing the device from  
unwanted movement)?  

 Can the machinery be carefully disassembled  
around the victim to free him?  

 Can other elements of the machinery be torched,  
sliced, pried, peeled, moved, lifted, lowered,  
or otherwise manipulated to free the victim  
(fig. 35–78)?  
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Fig. 35–80. Firefighters must develop a back-up plan when 

dealing with complex machinery disentanglement situations. 

Fig. 35 – 81. Conducting a proper scene size-up is always 

essential to a successful rescue incident. 

First-arriving firefighters, however, do well to answer 
these questions while initiating basic stabilization opera-
tions (lockout/tagout, eliminating unwanted movement, 
dissipating stored energ y, determining victim vitals and 
beginning appropriate medical treatment, requesting 
additional resources as needed, etc.). 

It’s also advisable to report conditions to dispatch and 
the other responding units to paint a picture of the 
victim’s predicament and to dialogue with the on-scene 
expert and the responding rescue company or technical 
rescue team (via radio, cell phone, mobile data terminal 
[MDT], etc.) to determine the best course of action and 
consider other options. 

Other initial efforts can include the following : 

1. Establish an equipment pool close to the rescue site 
(with an equipment pool manager) to expedite the 

use of equipment and supplies likely to be needed 
off the responding apparatus. 

2. Provide adequate lighting and ventilation. 

3. Establish a medical group including immediate 
transportation to a trauma center or appropriate 
hospital once the victim is freed. 

4. Begin basic efforts to free the person, constantly 
checking to see if the actions are improving the situ-
ation or making it worse and keeping alert for unex-
pected complications. 

If the mechanism cannot be safely reversed without 
causing more damage or otherwise jeopardizing the 
victim and rescuers, it’s typically necessary to begin 
disassembling the machinery in a strategic way or cutting 
it from around the victim. Be sure to employ basic 
precautions like fire extinguishers or protective hoselines 
for tactics like torching and cutting , providing spark 
and fire protection for the trapped victim (including , 
if necessary, a particulate mask, SCBA, or supplied air 
breathing apparatus), being careful of the use of oxygen 
in the presence of petroleum products and sparks. 

Since firefighters respond to practically every rescue 
scenario imaginable, it’s not unheard of for firefighters 
to be called on to enter hospital emergency rooms or 
surgery suites to attempt removal of items like stain-
less steel rings, case-hardened manacles, various types 
of rings, and practically anything else. This may require 
battery-powered tools or electric tools (instead of 
gas-powered tools that would obviously contaminate 
hospital atmospheres) and non-sparking tools that 
could be a hazard in close proximity to medical oxygen, 
and so on. 

These cases may also require firefighters to scrub up and 
drape like doctors and nurses when conducting extrica-
tion operations in surgical suites, sometimes with victims 
under anesthesia. These are obviously unusual situations 
that typically require the rescue company or technical 
rescue team. But first-arriving firefighters may be the first 
to size up the situation and begin the process of setting 
up equipment pools, coordinating with hospital staff, 
communicating with the responding rescue company or 
technical rescue team, and so forth. 

If the job is as simple as using a standard ring cutter to 
free a finger, typically the first-responding firefighters 
can complete that task. More complicated removal 
might require special tools or blades carried by truck 
companies, rescue companies, or technical rescue teams. 
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lished, determine the condition of the occupants, 
reassure and calm them, and then act according to the 
urgency of the situation. You can also ask if occupants 
have cell phones that are getting service, and either 
call them directly with your cell phone, or have them 
call another specified phone that will allow you to talk 
with them. 

If there is no contact, it is necessary to determine the 
car’s location. Send firefighters to the elevator pit (to 
look up) or to the elevator equipment room (usually at 
roof level) to look down and determine the car’s position 
(fig. 35–83). The location can then be confirmed by 
firefighters sent to the closest floor to visually check the 
car’s position. 

Fig. 35 – 83. Firefighters can determine the location of an 

elevator through the top or bottom of the elevator shaft. 

This is also a good time to lockout/tagout the elevator 
system to prevent unwanted movement during the 
ensuing operations. A firefighter (preferably with a 
building maintenance person) can be assigned to go to 
the electrical panel (typically in the elevator equipment 
room) to de-energize the elevator. Just as in industrial 
rescues, post the lockout/tagout sign and use the kit’s 
locks or assign the firefighter or a police officer, security 
guard, or a maintenance person to remain at the panel 
to ensure it’s not energized until directed by the incident 
commander (fig. 35–84). 

Fig. 35 – 84. Securing the electrical service to the elevator 

can be done by a trained firefighter or by a building 

maintenance person. 

Some elevators can be freed (after ensuring the elevator 
banks were clear of personnel) by switching off and on 
the electrical switch to reset the system, allowing normal 
operation to proceed. Some elevators in certain build-
ings are known to have repeated problems with the 
electrical system that can be resolved in this way. 

If your communication with the occupants indicates 
they are fine, the best action is often to await the arrival 
of the certified elevator repairman, who might be able to 
resolve the problem in minutes. Maintain contact with 
the occupants and continue to monitor their condition 
until the car can be moved to the appropriate landing for 
removal. You can reassure them by informing them that 
you can force doors and take other actions necessary to 
reach them if an emergency develops, but that under the 
current conditions the best strateg y is to let the expert 
elevator mechanics free the car. 

If information indicates there is some sort of medical 
or other emergency aboard the car that requires faster 
access, ascertain the ETA of an elevator mechanic, 
perform the lockout/tagout, and maintain communica-
tion with the occupants. 
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Fig. 35 –91. If not already done so by bystanders upon your 

arrival, the emergency stop switch should be activated. 

If fingers are caught where the handrail glides into the 
underside, it may be possible to use a whizzer saw or 
reciprocating saw to cut the plate and expose the innards 
for further evaluation and action. Cutting through the 
handrail (a continuous belt) may allow you to manipu-
late it just enough to free the fingers. Reversing the 
escalator’s direction of travel is usually not a good option 
because of multiple safeties that prevent backward 
movement in case of power loss. Fingers caught beneath 
the handrails can usually be freed by cutting the handrail 
belt or by using tools to access and free the fingers 
(fig. 35–92 a and b). Feet (or feet still in shoes) caught 
where the escalator stair dives beneath the landing plate, 
may be freed by lifting the plate to reveal the gears and 
motor for further evaluation and action. 

As with any industrial entrapment, effective medical 
care including trauma, crush syndrome treatment, and 
pain management are critical. Equally critical are provi-
sions for rapid transportation to the appropriate medical 
facility after the victim is freed. 

Medical considerations during rescue operations. 
Some major rescues take hours to complete, requiring 
a mix of ingenuity, good patient care, and patience. An 
informal rule of thumb when estimating the time it will 
take to extricate a victim is this: If you think it’s going to 
take 1 hour, plan on it taking 2 hours. In other words, 
double the time you think it might take because often 
that’s what actually happens during rescues, which are 
often slowed by a wide range of unexpected complica-
tions (fig. 35–93). 

Figs. 35 –92 a & b. Cutting through and manipulating belts, 

as well as moving stairs and other mechanisms can be done 

to free the victim. 

Fig. 35 –93. Rescuers should estimate the amount of time 

an incident should take by doubling what the time they think 

it will take. 





1054  FIRE ENGINEERING’S HANDBOOK FOR FIREFIGHTER I & II 

Fig. 35 –96. Cave and tunnel rescues are rare, but they 

present a serious risk to rescuers. 

Many ingredients for disastrous situations can be found 
in mines, tunnels, caves, and other underground struc-
tures, including remote or restricted access to entrances 
and portals; tight spaces with minimal natural ventila-
tion; potential for wall and ceiling collapse (possibly 
secondary collapse following a primary collapse that 
trapped victims); long horizontal or vertical travel 
distances to fresh air and the safety of the outdoors; the 
potential for sudden and massive flooding ; the presence 
of atmospheric hazards like CO, hydrogen sulfide, 
methane, oxygen deficiency, and harmful dusts; poten-
tial for disease-causing organisms; complete darkness 
in the absence of artificial lighting ; and the possibility 
of fires or explosions, which may create a fiery oven 
channeling heat and smoke, killing victims and rescuers 
where they stand. 

In short, everything is more difficult underground: venti-
lation, lighting , communications, logistics, firefighting , 
physical disentanglement, movement of equipment 
and personnel, command and control, dewatering , 
atmospheric monitoring , and dive operations when 
necessary. Everything is made more complicated when 
it’s happening in a hole in the earth (fig. 35–97). 

The fire service has seen its share of underground rescues 
and disasters in recent times, including mining accidents 
that killed dozens of workers at a time (approximately 
45 miners still die annually in the United States, and the 
toll is far higher in countries like China); automobile 
drivers roasted alive when fireballs erupted during colli-
sions involving gasoline tankers in highway tunnels; the 
1971 Sylmar (Los Angeles) tunnel explosion that killed 
17 construction workers drilling through methane-laden 
soils and working with muck pocketed in the middle 
of a mountain near Los Angeles’s San Gabriel Fault; a 

number of subway crashes that required firefighters to 
spend many hours cutting apart subway cars to extricate 
trapped passengers; several cavers trapped below the 
earth; and many other examples. 

Mine rescue teams, required for operations in commer-
cial mining mishaps, are mandated to adhere to strict 
standards, including federal standards of Mine Safety 
and Health Administration (MSHA) for mine rescue 
teams (Code of Federal Regulations, title 30, part 49), 
and in some cases even stricter state standards. 

There also are strict rules for workers and for rescue 
operations in tunneling operations for subways, rail 
tunnels, automobile tunnels, and water tunnels. The 
ironic thing about tunneling operations is that once the 
tunnel is completed and transitions from the construc-
tion phase to the revenue phase, the tunnel rescue rules 
change or don’t seem to apply at all. A fire department 
or rescue agency responding to an emergency or disaster 
in an active tunneling operation during the construction 
phase must meet much stricter requirements than when 
responding to the very same tunnel after it’s completed 
and is in the revenue phase. 

Fig. 9 –97. Cave rescues complicate ventilation, 

atmospheric monitoring, and logistics. 
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mendations. It is intended to improve the survivability 
of commercial miners when accidents happen in active 
commercial mines, as well as improving the speed, safety, 
and effectiveness of mine rescue operations. 

Beyond working mines, what about underground situa-
tions is not covered specifically by federal and state mine 
safety regulations? Today, municipal fire and rescue 
departments across the United States are responsible 
for first-due (life-saving ) response to fires, explosions, 
terrorist attacks, collapses, flooding , derailments, and 
other mishaps deep in the ground, sometimes hundreds 
of yards (or even several miles, in some cases) from 
portals (fig. 35–100). They can also be in subways, train 
tunnels, pedestrian tunnels, water tunnels, vehicular 
traffic tunnels, and other subsurface structures. This 
includes during the tunneling process, when an even 
wider range of mishaps can occur. 

Fig. 35 –100. Access and the construction of underground 

tunnels (including those under construction) should be 

inspected and surveyed by firefighters and rescue teams. 

Municipal fire departments and other first responders 
are responsible for planning and executing life-saving 
operations in these below-grade structures using 
whatever equipment, training , and protocols are avail-
able, under conditions where far more lives may be at 
stake than in any commercial mining operation in the 
world. They are responsible for being prepared to assess 
conditions, establish incident command, make long-
distance entry to fight fire, conduct searches, extract 
trapped victims, stabilize collapse zones, be aware of 
potential for secondary events (including , in the case 
of terrorist attacks, secondary explosive and delivery 
devices), mitigate hazmat releases, and remove victims to 
the safety of the surface. 

But the existing rules for operations beneath the ground 
exist in a gray area. Firefighters and other first responders 
know that they will be the first response to trouble in 
these places, and they are usually the first and last line 
of defense for victims who might be trapped, lost, or in 
need of physical rescue from these places. 

The potential for disastrous fires, collapses, explosions, 
flooding , derailments, and other mishaps has always 
been known by the first responders. And the potential is 
even more pronounced in the aftermath of the London 
subway terrorist bombings, the attacks on Spain’s railway 
systems, the Tokyo subway sarin gas attacks, and the 
threat of future terrorist attacks on mass transit systems. 
First-arriving firefighters will be compelled to make 
risk-versus-gain decisions under life-and-death condi-
tions that are not covered by the federal and state rules 
(fig. 35–101). 

Fig. 35 –101. Rescuers must make careful decisions 

when below-grade rescues are complicated with 

criminal intentions. 

If there’s any doubt about the special demands of these 
operations, try carrying a victim from a train wreck in 
a tunnel in zero-visibility conditions, with heat and 
smoke from uncontrolled fire, in a potentially explosive 
atmosphere, wearing full PPE and SCBA. How long do 
you think your 30-minute SCBA bottle will last? What 
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we give to the public in vehicles contacting wires and 
other electrical sources). 

If it becomes necessary to get off the apparatus, do not 
step off. The way to exit is to carefully jump off as far 
away as possible, landing with both feet together and 
without losing your balance. Do not touch the ground 
with your hand, and don’t fall backward or forward. 
Once on the ground, shuffle your feet as you walk away 
from the apparatus to maintain contact with the ground 
and prevent arcing. 

Another way firefighters are sometimes injured or killed 
is when aerial ladders or baskets/snorkels touch or get 
too close to live wires. The operator should know his 
apparatus behavior intimately, and should allow for 
ladder swaying , rocking , and sagging when operating 
near power lines and cables, and should also take these 
factors into consideration when positioning apparatus 
and ladders. Operating , erecting , or handling of tools, 
machinery equipment, or apparatus over energized 
high voltage lines is generally prohibited. For wires 
and components of 600 volts or more, aerial ladders 
are required to maintain a minimum clearance of 10 ft 
(3 m). 

Alternate methods than aerials for reaching upper 
stories and roofs must be considered rather than raising 
aerial ladders near high-voltage lines. Such methods, in 
addition to wooden ground ladders may call for using 
fire escapes, interior staircases, or adjacent roofs of build-
ings. In extreme cases, helicopters may be considered. 

The use of ground ladders near electrical overhead wires 
must be done safely. Even if constructed of wood, ground 
ladders are still conductive due to metal parts and dirt 
and debris that may coat the ladder. Care must be taken 
when moving , raising , and lowering any ladders. 

One of the first things your eyes should be drawn to as 
you approach these scenes is the telltale sign of power 
lines drooping over fences, dangling across streets and 
sidewalks, or the free ends of severed wires hanging 
around the scene. Right there you have a possible 
electrical emergency, and the IC should be made aware 
of the situation and should be requesting the jurisdic-
tional power company to respond to the scene. 

Windstorms, hurricanes, earthquakes, floods, landslides, 
and mudflows also cause power lines to go down, often 
over a large geographical area. Another colleague of the 
author was electrocuted after the 1987 Whittier earth-
quake when he stepped into the yard of a home near 
which a power line had fallen. 

Whenever entering areas affected by these events, it 
should be assumed that power lines are down and other 
electrical hazards are present, often hidden from sight by 
debris. This is one reason that nighttime operations are 
considered high-risk during these types of emergencies 
or disasters. In some cases where most victims have been 
accounted for and the risk-versus-gain equation is such 
that the greatest life loss potential is to rescuers tromping 
around the scene at night and possibly encountering 
downed power lines, search operations may be suspended 
during hours of darkness. 

Other electrical hazards are encountered at fires in 
homes, businesses, refineries, infrastructure, and other 
locations. They range from internal electrical hazards, 
such as wiring in walls to external hazards such as 
drip loops. In some cases, the likely electrical hazard 
locations are pretty clear (triplex drip loops between 
homes and power poles, underground electrical vaults, 
etc.). In other cases, they can be a surprise. How can you 
determine if electricity is present in any of these situa-
tions? In many cases, firefighters follow the practice 
of eliminating the source: they flip the switches at 
electrical panels, or carefully cut the drip loops (using 
proper PPE), or have the local utility company shut 
down power and confirm it. 

Another option is to utilize “hot sticks” and voltage 
meters that detect the presence of electrical currents and 
signal you with an audible warning. They are carried on 
some rescue companies, truck companies, engines, and 
by some individual firefighters who find them useful. 
Not only can these devices detect electricity in bare 
wiring or being transmitted to objects like fences, they 
can also detect electricity being carried by wiring within 
walls (something to consider when breaching walls). 

In life-threatening situations such as victims in contact 
with energized wires, victims trapped on high-voltage 
electrical towers, on billboards, in trees, in electrical 
vaults, and other places where victims might have been 
electrocuted and require physical extraction, or “jumpers” 
on or around electrical facilities, the IC should ensure 
the fastest response of a power company field team and a 
supervisor to assist and provide technical expertise. The 
request should be made for an “immediate/expedite” 
response, with a Code R (Code 3) escort by law enforce-
ment as necessary to ensure timely response. 

Part of the strateg y should always include establishing a 
rapid intervention crew, and ensure that an ambulance 
and an advanced life support (ALS) unit are in place. 
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will apply: to save a life, a qualified and properly equipped 
firefighter might be assigned to attempt separating the 
downed wire from the victim, with a rapid intervention 
crew with ambulance and ALS positioned. 

One method is to move the wire away from the victim 
using a “hot stick” made for that purpose while wearing 
the proper gloves and other PPE. 

If fire is at the base of an electrical pole and it’s been 
determined that the fire was not caused by underground 
electrical sources or wires down, the pole fire may be 
considered a Class A and extinguished with water. If fire 
is near a pole top and/or involves electrical wires and/ 
or equipment, fire should be considered Class C. Do 
not use water or foam to extinguish. Contact the local 
electrical utility company to advise them of the situa-
tion. Protect exposures, and establish a safety perimeter 
around poles and wires a distance of 1½ times the height 
of the pole. 

If the situation is a vehicle that has crashed into an 
electrical pole, the IC should notify the local electrical 
utility company and law enforcement. If downed wires 
are contacting vehicle and victims are still inside, there 
is a decision point: if the person is conscious and no life 
hazard is present, instruct victim to stay inside vehicle. 
Provide instructions to the person from a safe distance 
away (30 ft) using a public address system. Direct your 
dispatch center to request an “immediate/expedite” 
response of the local electrical company, with a Code 
R (Code 3) escort by law enforcement as necessary to 
ensure timely response. Ensure a rapid intervention 
crew (with a squad and ambulance) is in place when 
conducting operations in any immediately dangerous 
to life and health (IDLH) conditions during electrical 
emergencies. Have hoselines in place in case a fire breaks 
out (in which case the priorities may change). Wait for 
the local power company representative to arrive to 
de-energize wires and other equipment before making 
victim contact. 

If a fire breaks out and cannot be contained, or the area 
is flooding , or some other life safety hazard is present 
(for example, there is interior fire or other immediate 
life hazard), and the victim is conscious and ambula-
tory and able to follow your instructions, direct the 
victim to open the vehicle door, stand on the rocker 
panel (doorway) of the vehicle and jump to the ground 
with both feet together at once. Instruct the victim not 
to touch the ground with hands after jumping (they 
must remain balanced). Demonstrate the action to the 
person to make it absolutely clear before allowing them 

to proceed. This is especially important with children. 
Once out of the vehicle, victim(s) should be instructed 
to shuffle (not walk or run) away from the hazard area 
to a safe zone at least 30 ft from the vehicle and/or 
downed wire. 

If the victim is unconscious but no life hazard is present, 
wait for the local power company representative to arrive 
to de-energize wires and other equipment before making 
victim contact. 

If a life safety hazard is present and the victim(s) appear 
unconscious, the IC must weigh the risk versus gain, 
considering all the hazards present to firefighters before 
ordering a rescue attempt. The IC should consider alter-
native means, such as a deck gun, to knock down fire 
using a deluge of water, or use another vehicle to push 
the involved vehicle to attempt to separate it from the 
power line, or other means. 

Generally, one should not attempt to extinguish a 
vehicle fire with water or foam if wires are in contact 
or near the vehicle. Consider the fire Class C. Wait for 
the local power company to de-energize the wires before 
extinguishing the fire with water. Protect exposures and 
isolate and deny entry within 30 ft of the affected area. 

If, after evaluating the risk-versus-gain equation, the IC 
determines that cutting the downed wires is prudent to 
save a life, only qualified personnel should attempt this 
procedure. Wear full PPEs, including protective goggles 
or SCBA facepiece. Use an approved mechanical axe 
and insulated rubber gauntlet gloves. Shuffle step (do 
not walk) to the best position to more closely assess 
the hazards and potential for successfully moving or 
cutting the downed wire. The qualified firefighter, after 
consulting with the IC and/or the on-scene safety officer, 
will determine if the best course of action will be to move 
or cut the downed wire. If the decision is made to cut 
the wire, stand on a dry object and follow the procedures 
outlined above. 

Fires in electrical vaults, manholes, and pad-mounted 
equipment are an unusual but potent hazard. In 2008 
a Los Angeles City firefighter was killed after several 
manhole explosions and fire caused the fire department 
to cut into a utility box. Unfortunately there apparently 
was an explosive atmosphere in the box, and it ignited/ 
exploded when a circular saw was used to cut into it. 

If the incident involves a potential rescue from a vault 
or manhole, ensure that a confined-space rescue response 
has been dispatched. Upon arrival, a priority is to deter-
mine whether there may have been personnel working in 
the space who are not yet accounted for. 
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crew (with ambulance and ALS unit) is being assigned if 
a rescue is attempted. 

Fires in electrical substations should be considered Class 
C until de-energized. Do not attempt to extinguish with 
water or foam. If fire involves transformers, fire shall be 
considered Class B once the equipment is de-energized. 

Transformers and capacitors contain oil coolants that 
have a tendency to explode when subjected to intense 
fire. Older capacitors may contain a liquid substance 
called polychlorinated biphenyls (PCBs), which is toxic, 
non-biodegradable, and environmentally hazardous. 
All capacitors owned by SCE have been converted to 
mineral oil; however, this assurance cannot be made for 
those owned by other power companies. If a capacitor 
has ruptured for any reason, the liquid should be consid-
ered a hazardous material until determined otherwise 
by the local power company representative or a health 
hazmat officer. 

Many wildfires affect electrical power poles and towers, 
and they can present a significant hazard to firefighters. 
Maintain a safe distance from electrical power lines, 
poles, and towers equal to 1½ times their height when 
involved in wildland firefighting activities. If fire has 
ignited the base(s) of electrical power pole(s), fire may 
be considered Class A and should be extinguished with 
water to prevent the pole from collapsing and causing 
wires to drop. Extinguish smoldering pole fires (below 
electrical wires only) to prevent power line failure or 
dropped lines. Consider all downed or compromised 
wires and associated poles, towers, and other equipment 
to be energized. 

Fires on electrical poles at or near the level of electrical 
wires shall be considered Class C. Do not attempt to 
extinguish using water or foam. Isolate and deny entry 
until a local power company representative arrives to 
de-energize lines. Do not use areas below wires as safe 
zones, escape routes, ICP locations, or for any other use. 
Avoid ordering aerial water or retardant drops directly 
over electrical power lines, which can cause arcing , 
shorting , down-strikes, and explosions. Wires create a 
hazard for aircraft because they are hard to spot in even 
normal conditions. Be aware that heavy smoke condi-
tions can cause electrical down-strikes below transmis-
sion and distribution power lines. 

Another electrical hazard is found where potential 
jumpers or victims of industrial mishaps are found 
trapped or stranded on high-voltage towers. This can also 
include victims trapped in trees with electrical lines, and 
other high-angle electrical emergencies. The IC should 

ensure the most appropriate response is dispatched, and 
then double check that the correct units are coming. 
Furthermore, he should ensure that the local electrical 
company has been requested on an expedite/ immediate 
response, with a Code R escort from law enforcement. 

If the situation is a jumper with electrical hazards, ensure 
that a rescue fall bag and a crisis negotiation team are also 
dispatched. The responding rescuers can work with these 
units to coordinate high-angle and negotiation opera-
tions. 

If the emergency is some sort of entrapment on a power 
tower, billboard, or other above-ground electrical 
hazard, consider rescue fall bags and coordinate with the 
rescue company and other units to establish a rescue plan 
once the electrical lines have been de-energized, or until 
it’s determined that a rescue can proceed before all the 
electrical lines are de-energized. Ensure a rapid interven-
tion crew (with ambulance and ALS) is being/has been 
assigned if a rescue is attempted. 

NOTES 
1. Atwood, Rich, Tod Mitcham, Wayne Ibers. County

of Los Angeles Fire Department Confined Space 
Rescue Technician Training Manual, 1996. 




