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INTRODUCTION 

This guide is designed as a teaching aid to accompany an Arizona State Fire 
Marshal's Office or Phoenix Fire Department Rope Rescue Class taught by 
qualified instructors. It is not written as a self-instructional text. The student 
must recognize that there are inherent risks involved with technical rescue and 
that rope rescue I is a basic class which primarily builds a foundation of 
fundamental techniques and concepts. This class alone will not make any one 
an expert in rope rescue. 

A BRIEF HISTORY OF RESCUE 

Modern rope rescue has its roots in European mountaineering. In the late 
18001s, with an increase in alpine accidents, a movement to form local rescue 
groups began. These were primarily volunteer groups composed of local 
mountaineers who already possessed much of the skill and equipment needed to 
safely and effectively participate in these rescue activities. 

Rescue equipment was mainly clirr~bing gear adapted to rescue. Rescue 
techniques were often largely improvised. Gradually, a discipline involving 
specialized equipment and technique began to take shape. 

Probably the most significant single advancement in mountain rescue occurred in 
the first half of the 20th century with the advent of the helicopter. Since, for all 
practical purposes, mountain rescue is a transportation problem, helicopters 
greatly speeded access to and removal of the injured from remote areas. Not 
surprisingly, there have been many tragic, if not catastrophic, helicopter crashes 
during rescue attempts over the years. 

In the late 1950Js, rescue groups were well established in North America. They 
were still mostly composed of mountaineers and rock climbers who volunteered 
their time through organizations like the Mountain Rescue Association. With 
more activity, rescue equipment and technique began to improve at a faster 
pace. 

In the late 1970's, another evolution in technical rescue began to take place. As 
rescues became more frequent and closer to cities and commur~ities, the fire 
service became more and more involved with technical rescue. Local fire 
departments had the advantage of an immediate dispatch and code three 
response to rescue incidents. Many fire departments developed specialized 
teams within their departments in order to increase safety and effectiveness. 
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The 1990's have seen many changes in technical rescue. 'The latest revision of 
NFPA 1500 requires specific and advanced training for all personnel who may 
respond to a special operations incident. There has also been a remarkable 
increase in innovation in rescue equipment and technique. 

The future promises much more dynamic change in all areas of technical rescue. 
The rescuer must embrace the concept that the field of technical rescue is 
constantly evolving. The person dedicated to technical rescue knows that. he 
must constantly train to find a better, safer, and easier way to do the rescue. 

TERMINOLOGY 

Over the years, the rescue community has developed standardized terminology 
used to communicate the various aspects of Technical Rescue. This 
terminology, like in any field, exists in order to facilitate better communication and 
safety. The rescuer is expected to learn and use the terms provided in this text 
during both training and actual rescues. The benefits of clear, specific 
comrnl-inication includes: 

Enhanced rescuer safety and effectiveness. 

An accurate size-up of the incident which helps obtain the proper resources 
and gives responding personnel some idea of the severity of the situation. 

See the glossary for a list of definitions. 

Safe j 

Technical rescues will always involve some risk. The 
technical environment can be very unforgiving if rock 
solid Safety rules are not followed by everyone on the 
team. Safety is everyone's responsibility. Safety is an 
attitude and forms the foundation for the trust that 
must develop between rescuers. ATTITUDE 

Some safety rules include: 

Wear the proper personal protective 
equipment at all times. 

Tie in near the edge and have two 
points of contact. / KNOWLEDGE TRAINING \ 
Double check each other before going over the edge 
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Double check every part of the rescue system 

Take good care of your equipment because your life depends on it. 

Don't step on ropes. 

Pad all edges and protect software from abrasion. 

LEAVE YOUR EGO AT HOME 

We as rescuers are some times faced with difficult situations where we may 
choose to risk our lives in order to save another. We must make that choice. in a 
calculated and educated way. We must avoid rushing blindly into action driven by 
compassion and a duty to act. 

We understand that lives will be saved and some times they will be lost. We will 
do our very best but we plan our actions by weighing the risk to ourselves and 
our team vs. the benefit that will be gained by that action. A basic philosophy of 
rescue is the rule of three: 

1. Seii rescue first 
2. Team mate second 
3. Victim third 

Safety Margin 

We make every effort to reduce the overall risk in a rescue operation. It is the 
philosophy of the Arizona State Fire Marshals Office to use Double Rope 
Technique (DRT) for all technical operations. DRT essentially provides, an 
independent second rope backup and greatly increases the safety margin. 

If a system was strong enough to hold 200 pounds and a 200 pound person 
rappelled down, we could say that the safety factor was 1:l which is a zero 
safety margin. If the system could hold 2000 pounds, we could say that the 
safety factor was 10:l. We calculate the safety margin- by dividing the load weight 
into the system failure weight. A 15:l safety factor is ideal but 10:l is acceptable 
with DRT. We should always ask ourselves, "what is the safety margin of this 
system and where is the weak link"? 

NFPA 1983/1995 edition requires a 15:l safety margin for the life safety rope 
itself. It does not require a 15:l safety margin for the rescue system as a whole. 
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EQUIPMENT 

Rope rescue is dependent on specialized equipment to get the job done safely 
and efficiently. The three main categories include: software, hardware and 
personal equipment. 

Software 

There are several types of rope available to the rescuer. Factors that should be 
considered when choosing a rope include: specific use (this should be the 
primary consideration), abrasion resistance, strength, flexibility, and floatation. 
NFPA 1983 regulations are the standard that applies to life safety rope, 
harnesses and hardware. This standard identifies performance and specification 
requir.ements for the manufacturing of rope. 

Rope 

Most rope is of laid, braided or kemmantle, construction. Modern rope is-- 
manufactured with synthetic fiber. Nylon is the most commonly used, but 
polyester and polypropylene are also used. Nylon is a high strength, lightweight 
material that absorbs energy very well. W e n  wet, nylon rope loses 
approximately 10%- 15% of its rated strength that it regains upon drying. 

Laid rope 

Laid rope us usually made by twisting three primary fiber bundles together. This 
type of rope has limited use in the rope rescue field. When under load, the rope 
will twist in the opposite direction of the lay. In laid rope, all of the fibers are 
exposed to the outer edges at some point along a given length of rope. The laid 
construction also provides very high dynamic or stretch characteristics. 

Braided rope 

Braided rope is constructed by braiding nylpn bundles through each other. 
Although this rope tends to be very flexible, it also exhibits high stretch and poor 
abrasion resistance. Braided rope should be considered marginally acceptable 
for rope rescue. Some ropes are made with braid on braid construction. The 
outer braid provides protection for the inner braided rope. Some water rescue 
rope comes with braided nylon outer braid with a polypropylene braided core that 
provides the rope with buoyancy. 
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Kernmantle rope 

Kerr~mantle rope is the rope of choice for rope rescue operations. It consists of a 
load bearing core or "kem" and a protective sheath or "mantle". Approximately 
85% of the rope strength is in the core. There are two main types of kernmantle 
rope: dynamic (high stretch) and static (low stretch). 

Dynamic, or climbing rope, consists of twisted or laid bundles that make up the 
core. This twisted core provides a high stretch quality. This allows 
approximately 8% stretch in the rope with a normal load and up to 40% stretch 
near failure. Dynamic rope is used extensively for sport climbing. There are few 
true indications for the use of dynamic rope in a rescue situation. One such 
instance would be when a rescuer has to climb above or away from the anchor 
point. If dynamic rope is used and the rescuer was to fall, the rope would absorb 
much of the energy created in the fall. Most of the dynamic rope used in rescue 
sitl-~ations is usually 11.1 mm. Or 7116th inch diameter. This provides 
approximately 6,500 - 7,000 Ib. break strength. 

Static or low stretch kemmantle rope is the rope of choice for rope rescue. Low- 
stretch rcpc is made of parallel bundle core construction. These parallel bundles 
provide very little stretch in the rope (approximately 2% - 4% with a normal load 
and 20% near failure). A,braided sheath protects the core. The sheath provides 
little strength to the overall rating of the rope. Some manufacturers provide low 
stretch rope with a very loose woven sheath and a very tight woven sheath. The 
tight weave in the sheath gives the rope excellent abrasion resistance .but 
sacrifices knot ability and flexibility. 

Regardless of the type of rope used, the rope should provide enough strength to 
maintain a minimum safety factor for rescue. Currently, NFPA states that a 
single-person load is considered to be 300 LB (class I rope), while a two-person 
load is 600 LB (class II rope). The NFPA 1983 document suggests that a 
minimum of 15:l safety factor be maintained in the rope. Rescuers should strive 
to maintain the greatest degree of safety possible, for themselves and the victim. 

Rope care 

Rope and all rope rescue related equipment must be cared for properly to ensure 
the safety of rescuers. Rope will maintain its durability and strength, provided it 
has been cared for properly. Abrasion causes the worst damage to rope. Care 
should be taken to minimize abrasion to the rope. Dragging the rope through the 
dirt and stepping on it causes excessive wear on the rope. With loose weave 
kernmantle rope, dirt particles can be ground into the core ofthe rope by walking 
on it. This can cause excessive wear to the core of the rope and may not be 
noticeable upon inspection. 
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When the rope has been soiled, it should be cleaned and allowed to air dry in the 
shade. Ultra-violet rays can cause degradation of the rope. Kernmantle rope 
can be washed with a mild, non-chlorinated detergent in the washing machine or 
through a device designed for rope cleaning. However it is cleaned, it should be 
allowed to air dry in a clean, well ventilated, shaded area. 

Care should be taken when storing life safety rope. The rope should be coiled 
properly or stuffed in a rope bag. It should be stored in a cool dry area out of 
sunlight and not exposed to any petroleum products, acids, or other chemicals. 

Rope inspection 

NFPA 1983 states that a life safety rope shall be inspected before and after each 
use. Although there is no standard objective way to inspect the strength rating of 
the rope, there are suggested guidelines for rope inspection. The only true test 
of a rope's strength is a destructive test. Obviously, this is not practical. 
Suggested guidelines for rope inspection include running the rope through the 
inspector's hands while looking and feeling for deformities such as "hour glass" 
shapes or changes in diameter, areas of excessive abrasion, including a WoiZ 
mantle that exposes the core. Most ropes have a colored sheath or mantle that 
shows the exposed core more easily. 

Retirenient criteria for life safety rope varies between each individual 
organization. If the rope is inspected by qualified personnel, it can be reused for 
rescue many times provided that it passes inspection. Knowing when to take a 
rope out of service comes from evaluating the k n ~ w n  use history of the rope, its 
condition at the time of evaluation and its age. Exposed core, shock load, 
exposure to chemicals and excessive wear are all reasons to take a rope out of 
service 

After the rope has been inspected, its use should be documented on the rope log 
for record (see appendix). Most manufacturers provide a rope inspection log with 
each rope sold. Although it is difficult to get in the habit of doing, a rope 
inspection and log of each use should be done. This ensures that the rope has 
been cared for properly and a record of such is on file for reference or 
investigative purposes should a rope failure occur. This rope record should stay 
with the rope. 

Webbing 

Nylon webbing is a very lightweight and versatile piece of software used in rope 
rescue systems. Webbing comes in two basic construction types. Flat webbing 
and tubular webbing are the most common types. For rescue purposes, one inch 
or two-inch tubular webbing should be used. 
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Tubular webbing is durable, inexpensive, and very versatile. Only the 
imagination and experience of the rescuer limit its use in rope rescue systems. It 
should be cared for in the same way as life safety rope. If anv damage is 
noticed, it should be destroyed so that it cannot be used in a rescue operation. 

Minimum Break Strength 

Minimum break strengths for software products vary slightly 'From manufacturer to 
manufacturer but they all stay near a general industry standard for each size and 
type of software. The following minimum break strengths are guidelines. 

( Material 1 Size 1 Minimum Breaking Strength (Lbs.) 

Static Rope 

Accessorv Cord 

Harnesses 

112" 
711 6" 

Tubular Webbina 

Harnesses provide a means of attaching a rescuer to a rope rescue system. 
Harnesses can be made many ways and from several materials. NFPA identifies 
three classes of harnesses, and rescuers should have a good understanding of 
each type. 

9,000 
6.000 

6mm 

Class I 

2.500 

1 " 

The harness fastens around the waist. It is typically used for securing to a ladder 
or for one-person emergency egress. 

4.000 
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Class II 

The harness fastens around the waist, thighs, and under the buttocks. This is 
designed for rescue of a two-person load. This is the standard rescue harness 
that is pre-manufactured with webbing. 

Class 111 

The harness fastens around the waist and thighs, under the buttocks and over 
the shoulder. These are designed for rescue where a two-person load may be 
encountered, or where a potential for inversion is possible. Class iii harnesses 
can be fabricated by attaching a chest harness properly to a class II "sit" 
harness. This will ensure that the rescuer will not come out of the harness 
should helshe invert. 

HARDWARE 

Carabiners 

Carabiners are the most frequently used hardware component of a rope rescue 
system. Carabiners are used to connect the rope rescue system together. They 
are usually constructed of steel or aluminum, and come in many sizes and 
shapes. The types of carabiners used for sport climbing are not necessarily the 
best suited for rescue systems. 

The standard carabirier 
used for rescue should be 
the locking type, steel or 
aluminum (see figure 1). 
Although there may be a 
few indications for a non- 
locking cdrabiner, they 
should not be part of a 
rescue equipment 
inventory. Experience has 
shown that if non-locking 
carabiners are in the 
equipment cache, they will 
be used in a rope rescue 
system Fig. I 

LOCKING NUT 

Steel carabiners are stronger, heavier, and usually larger than aluminum 
carabiners. Aluminum carabiners offer lighter weight. Aluminum carabiners 
should be used for class one loads and steel carabiners should be used for class 
two loads at primary and crucial attachment points. Most aluminum carabiners 
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are rated for approximately 5,000 - 5,500 Ib. Steel carabiners are typically rated 
at approximately 9,000 - 10,000 Ib. This is with the load placed in the long axis, 
the gate closed and locked. Carabiners should not be loaded against the gate. 
-This "side loading" is a potentially hazardous situation and should be constantly 
guarded against. Manufacturers have :developed a "modified D" type of 
carabiner that helps prevent side loading. (see figure 2.) 

STRONGEST. Carabiner is 
loaded along the long axis or 

FIG. 2 

Care of carabiners and other hardware include: avoid dropping or throwing, keep 
clean and free of dirt and do not oil. 

Carabiners should always be loaded along the long axis. The strength rating on a 
"DlJ carabiner is established under ideal conditions with the load as close to the 
spine as possible. If a carabiner is loaded with wide webbing or with multiple 
components it may fail at a point well below its rated strength. 
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Most carabiners get their strength by simply having the gate closed. The pin 
seats in the notch and the locking nut simply exists to keep the gate from 
accidentally opening. 

WARNING! Some carabiners such as the Stubi, depend on the locking nut being 
closed for their primary strength. 

Pulleys 

Pulleys provide an efficient method.of gaining mechanical advantage in a.hauling 
or raising system. Pulleys come in many sizes and types of construction. 'They 
provide the most efficiency when the pulley sheave is at least four times the 
diameter of the rope. Side plates should be of aluminum or stainless steel 
construction, with sealed bearings. Prusik minding pulleys are very useful in a 
hauling system, as are double sleeve pulleys. Both should be included in a 
complete rescue equipment cache. 

STANDARD RESCUE PULLEY 

SIDE PLATES 

SHEAVE 
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Besides the standard rescue pulley, there are several other types of pulleys. The 
prusik minding pulley is very useful in the ratchet position of a mechanical 
advantage and in the Tandem Prusik Belay. The double sheave pulley is used to 
construct mechanical advantage systems cleaner and more efficiently. There .are 
also double prusik minding pulleys and large knot passing pulleys available. 

PRUSIK 
MINDING DOUBLE 

PULLEY SHEAVE 
PULLEY 

% BECKET 

Ascending Devices 

Ascending devices have been used for mountain climbing for many years. 
Although they have an important part in mountain climbing, there are few good 
reasons to use them in rope rescue. Hard ascenders such as the Gibbs, Jumar 
and Clogs ascenders are designed for personal ascending and not rope rescue. 
Tests have shown that these devices can fail and strip the sheath of rescue rope 
when used to arrest shock loads. As braking or belaying devices, they should 
not be used in a rope rescue system. Soft ascenders such as prusik hitches 
have shown superior performance in a rope rescue system. 

Descending devices 

Sport mountain climbing has been the driving force for the development of 
devices for controlled descent on a rope. Although the carabiner wrap has been 
used for many years as an effective descending device, there are superior 
devices available. The figure 8 plate and the rappel rack have become widely 
used in the rope rescue community. 
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Rescue 8's differ from the standard figure 8 with the addition of "ears". These 
ears ensure that rope running through the figure 8 will not slip and develop a girth 
hitch in the rappel line. The ears facilitate locking off a rope during mid-rappel. 
Although the rescue 8 can be double-wrapped for increased friction, adjustments 
cannot be made once the system is under load. The rescue 8 will also cause 
twisting and kinking of the rope after many long rappels. Rescue 8's shall not 
be used for Class I1 loads. 

CONECTS TO FIXED RAPPEL LINE 
HARNESS 

ANCHOR - 
BRAKE HAND HERE 

The rappel rack is another commonly used descending device. Although it is 
somewhat heavy and bulky for sport climbing, it is well suited for rope rescue 
work. The rappel rack offers two big advantages. 

1. It allows friction adjustment while under load and without stopping. 
2. It does not cause rope twisting. 

There are two types of rappel racks used in the rope rescue. A system rack has 
six bars for greater friction during lowering operations. Personal rappel racks are 
typically five bar construction. The eye loop can either be straight or twisted 90° 
to the "J" frame. A twisted eye is often preferred for system racks as it puts the 
"J" frame in the up position which facilitates operation of the device. The rope is 
woven through the device, alternating above and below the bars. Friction can be 
added during descent by adding more bars, and subtracted by reducing the 
number of bars used. Brake racks are ideally suited for class two loads and 
can also be used with class one loads. 
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BRAKE BAR RACK 

la BAR WITH "Jn FRAME 
GLIIDE GROUVE 

1 - 
r 

- 
SAFETY BAR -:I::& WIELDED EYE LOOP 

Edge protectors 

One of the greatest dangers to rope rescue practitioners is severed rope due to 
an unprotected edge. Any time a rope goes over an edge, it should be protected. 
Some of the best devices currently available are edge rollers. These devices 
provide a smooth surface to lay the rope into during raising or lowering 
operations. They also provide less friction against the edge by rolling on an 
axlelbearing-type device. These devices minimize ii le edge trauma involved in 
rope rescue operations, thereby increasing the overall safety of the oper=!Ions. 
There are other devices on the market that pad the edge and protect the rope. 
An old piece of cut 2.5 inch fire hose will do the same job in a rope rescue 
system. 
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PERSONAL EQUIPMENT 

At a minimum, the rescuer should have the following personal equipment for 
safety: 

Footwear. Should be high-top boots that provide good ankle support and traction 
for rough terrain. 

Gloves. Should be leather and worn whenever working with rope and 
equipment. 

Eve protection. Should be worn at all times. 

Helmet. Must have ANSI or UlAA rating and should be worn at all times. 

Harness. Class Ill harness must be worn whenever the possibility of becoming 
inverted exists. 

Water bottle. 

L i ~ h t  source, preferably helmet mounted 

Knives 

WARNING! Rope under tension cuts extremely easily. The weight of one 
or two rescuers tensions the rope sufficiently so that the fibers almost 
explode and separate catastrophically when simply touched with a sharp 
knife. Many rescuers however, like to have some type of cutting device as 
part of their personal equipment. There is always a possibility that clothing 
or hair or some other material might jam their rope system. An initial 
reaction might be to try to cut the jammed material and free the system. 

Situations such as jammed rappel devices are often very stressful and the 
rescuer is likely to be tired or in pain. At those times it would be very easy 
to let the knife or cutting tool accidentally touch the rope with disastrous 
results. 

Self rescue techniques and advanced skills are much safer than resorting 
to cutting the rope. If cutting appears to be the best way to solve .the 
problem, be very very sure what you are cutting. 
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ROPE CRAFT 

Knots 

Knots are used when tying a length of rope or webbing to an object. This creates 
a point of attachment for the rope. When selecting a knot, one should consider 
four factors: 

1. Ease of tying the knot 
2. Ease of untying the knot 
3. Ease of recognition 
4. Strength of the knot 

Knots should be easy to tie and untie after they have been loaded. All knots 
should be easily recognizable by all team members upon inspection. Knots 
should not come untied under load, and should maintain the overall strength 
rating. The strength rating or efficiency of knots varies with the type of knot tied. 
The break strength of rope is decreased whenever a knot is tied in it. The 
percentage of strength reduction depends on the particular knot. For example, if 
a bowline is tied in a rope, the break strength of the rope is decreased 
approximately 33%. A figure 8 on a bight decreases the strength of the rope 
approximately 18%. 

All knots have different efficiency ratings. As a general guideline, many rescuers 
de-rate the break strength of a rope by 50% whenever a knot is tied in it. The 
50% rule provides a comfortable safety margin. 

Rescuers must be comfortable with knot craft. They must be able to tie all of the 
necessary knots without hesitation and with complete confidence. Knot tying is a 
skill that can be practiced at any time and it is the rescuers responsibility to 
develop a high proficiency with knots. In the dark and under stress is not the time 
to figure out which knot to tie and how to tie it. 

All knots should be dressed properly and set prior to loading. Dressing a knot 
involves arranging the rope so that there is no unnecessary crossover of the 
rope. Setting the knot involves snubbing the knot tight prior to loading it. If all 
knots are tied properly, dressed and set prior to loading, they will perform as 
expected. 

Simple overhand. 
Uses: stopper knot that prevents the load from slipping off the end of the rope. 
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Overhand on a binht. 
An overhand on a bight is tied the same as a simple overhand, except it starts 
with a bight and is used primarily for webbing. 

Simple Figure 8. 
Uses: stopper knot. Start of a figure 8 follow-through. 

Figure 8 on a bight. This knot is tied the same as a figure 8, except it starts with 
a bight on the rope. Uses: Attach rope to anchor, forms a bight on the end of a 
rope. 

Figure 8 on a bight dressed 
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Figure 8 follow through. This knot is used when the bight, or a figure 8 on a 
bight, cannot be slipped over the object being tied to. This knot starts with a 
figure 8 knot. The standing end is wrapped around the object and followed back 
through the figure 8. Uses: tying the end of a rope to an object. 

Two-loop figure 8 on a bight (unequal loops). This starts with a bight of rope 
similar to a figure 8 on a bight. Uses: Multi-point load distributing anchor 
system. 

DO NOT PUSH WHOLE 
BIGHT THROUGH 

REACH THROUGH BIGHT AND PULL BOTH LOOPS. ALLOW 
ORlGlONAL BIGHT TO SLID BACK OVER BODY OF KNOT 

DOUBLE LOOPS CAN BE ADJUSTED TO BE EQUAL OR UN- 
EQUAL. 
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Bowline. The bowline must be backed up with an overhand tie off to prevent it 
from slipping and coming untied. Uses: for attachment to anchors. 

OVERHAND SAFETY 

Butterfly. The butterfly knot is a good in-line knot that allows Multi-point loading. 
Uses: in-line knot, directional knot. 

Start the butterfly by making a 
complete round turn around the 
hand 

Make a third wrap back over the first two 
and then pull up a bight on the loop closest 
to the fingers. 
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Pull that bight over the first two loops Finaly pull the bight out through the center 
and then push it under them back and then pull on both ends of the rope to 
toward the fingers. dress the knot. 

The butterfly dresses automaticaly when both ends of the rope are pulled and the knot 
should look symetrical. 
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Bends 

A bend is created when two ends of rope or webbing are tied together. Both 
ends are equally important to the integrity of the bend. 

Overhand follow through bend. Commonly known as the water knot, this bend is 
created by tying an overhand in one end of a rope or webbing, while the other 
end is followed through the original overhand. This is the proper way to tie 
webbing together. Uses: tying webbing ends together. 

The webbing should fold flat without any twists. 
Follow in and around and out the other side 
leaving at least three inches of tail on each side 
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Double Overhand Bend. This bend is created by tying a double overhand twice, 
either on two separate ropes or on both ends of the same rope. Uses: tying two 
ropes together, making a loop in one rope. 

Start with a loop around the second rope and 
then back on itself and around again. 

Push the tail under and back through both 
loops 

Repeat this process with the other tail. Both knots should be 
a mirror of the other. Finish by dressing and setting the 
knot. There should be a minimum of 1 % inch of tail when 
the knot is set and loaded. 
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Hitches 

Girth hitch. Used to attach webbing to the 
litter rail. 

Prusik hitch. The Prusik hitch is a very versatile friction hitch with many uses. 
When properly attached to the parent rope, the prusik hitch can be moved easily 
or allowed to grip the rope with significant strength. prusik loops are constructed 
out of accessory cord which should be moderately supple and smaller in 
diameter than the parent rope. Prusik hitches are used in rescue systems and for 
personal ascending. 

A personal prusik is typically 6mm or 7mm and should not be used in a rescue 
system. 

A system prusik is 8mm and should always have three wraps around the parent 
rope. One properly applied three wrap system prusik will usually begin to slip 
between 1200 and 1800 ft pounds of force. 

Start by placing the prusik loop over 
the parent rope with the knot near the 
top but slightly offset to one side. 

Wrap the bight around the rope three times. 
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The prusik hitch should be dressed clean and set tight on the 
parent rope. The bight leads to the center and the bridge leads to 
the outsides of the hitch. 

Munter hitch. The Munter hitch is a reversible friction hitch that can be used to 
belay class I loads. Its effectiveness depends on pre;lsr technique and 
performance from the belayer. In a pinch the Munter Hitch can be used to rappel 
however, it twists the rope severely causing many kinks. 

First make a loop in the Attach the carabiner Once the carabiner is 
rope and then twist it around the two points attached and locked, the 
again indicated by the arrows. Munter Hitch can be used 

to take in or let out rope. 
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ANCHOR SYSTEMS 

A rescue system is a combination of an anchor system, loweringlraising system, 
and a belay system. Together these components produce a rescue system that 
has an extra margin of safety to protect the rescuer, should something 
unpredictable occur. It is important to design a rescue system so that failure of 
any single component in the system, such as the rope, webbing, anchors or 
hardware, does not result in *the catastrophic failure of the entire system. 

Anchors are a critical part of any rope rescue system. Without strong, reliable 
anchors, the entire system can be compromised. Anchor systems not only 
require the selection of anchors, but also include the rigging necessary to 
connect anchors to a single point of attachment. Building anchor systems is an 
art, and requires much skill and experience. 

Natural anchors include objects such as trees and natural rock. Artificial anchors 
are objects that were placed including; structural elements such as handrails 
beams and HVAC units, vehicles, bridges, and bolts, chocks and pitons 
anchored in rocks. When selecting anchors on structures, choose anchor points 
thai are part of the integral structure of the building. This would include columns, 
beams, HVAC units, acz!!s;s for window cleaning equipment, and elevator 
housings. On a rooftop, it is also possible to wrap a rope through a roof level 
scupper and around a low parapet wall. Rescuers should be watchful for 
corroded metal, weathered stonework, and deteriorated mortar. Avoid using 
vents, metal flashing, rain gutters, and small chimneys. 

When using a vehicle for an anchor, rescuers should remove the ignition key, set 
the brakes, and chock the wheels. The bumper is discouraged from being used, 
as the sharp edges can cut rope or webbing. Connect directly to the vehicle 
frame, axle cross-member, or tow hooks. 

Anchors are usually not located where you need them. Often a desirable anchor 
is off to the side of a needed direction of pl-rll. Ideally, anchors should be directly 
above and close to the fall line of the rope. This brings the rope into a more 
favorable angle. 

Each anchor must be evaluated for its ability to hold the intended load with a 
good safety margin. This evaluation is largely subjective and relies heavily on the 
rescuers experience. If the rescuer feels without a doubt that the anchor is solid 
enough to hold the intended load, we say that it is bombproof. If there is any 
doubt then it is a marginal anchor and must be backed up used in conjunction 
with other anchors to form a Multi-point anchor system. 
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Single-point anchors. Single-point anchors can be used as primary anchor points 
when the rescuer is absolutely certain that the anchor will not fail. It can be built 
using one of several different configurations of rope or webbing. 

This can be accomplished using life safety rope, webbing, or pre-rigged anchor 
straps. The rescuer must have a rough idea as to how much the load (victim) 
weighs in order to decide what material to use and how to rig the single-point 
anchor. 

The tensionless hitch is used to attach a rope to an object so that the knot has no 
tension on it thus giving maximun rope strength. Six wraps around the object 
gives ideal friction. It can be used to establish a fixed rappel line or a high line. 

The Wrap Three Pull Two is the prefered way to attach webbing to an object. 
Three wrapB are made around the object and then the ends atre tied together 
with a water knot. Two loops are pulled out and the third loop is allower to cinch 
tight against the object. The knot should be on the inside against the object so 
that it has the least ammount of tension on it. 

SINGLE POINT ANCHORS 

TENSIONLESS HITCH WRAP THREE PULL TWO 

Once this has been done, a carabiner can be clipped to the webbing for 
attachment to the rescue system. It must be kept in mind that regardless of what 
material is used to wrap an anchor, sharp edges must be protected from wear 
and abrasion to the rope or webbing. 
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Multi-Point Anchors 

If a single-point "bomb proof' anchor cannot be established, a Multi-point anchor 
system must be built. Two or more "marginal" anchors must be connected with 
either a load-distributing anchor system or a load sharing anchor system. As a 
general rule, load distributing anchors are preferred. 

Load distributing anchors are sometimes referred to as self-equalizing anchors. 
Regardless of what they are called, the purpose for building them is the same. 
The load must be distributed between Multi-anchor points. This is necessary 
because the rescuer has found no suitable single-point anchor that is capable of 
holding the anticipated load. In this situation, a load-distributing anchor system 
provides two benefits to rescuers. It distributes 'the load between the anchor 
points, and it.provides an increased margin of safety should one of the "marginal" 
anchors fail. 

A loaddistributing anchor system can be built using rope or webbing. If rope is 
used, building this type of Multi-point anchor system can be accomplished by 
tying a two-loop figure 8 on a bight with unequal loops. If this is done correctly, 
the load may shift out of ,the center fall line and the load will be uniformly 
distribuied between anchor points. This, in turn, minimizes the loading on each 
of the anchors. 

Two Point Distributina Anchor 

Attach the webbing loop between the two anchor points. Pull the top 
part of the loop down toward the collection point and give it a half 
twist. Connect the top loop with a twist into the collection carabiner. 
The system will now distribute the load. 
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If webbing is used, the webbing is wrapped around the anchor points. The 
webbing between the anchor points is brought down to a collection point for 
attachment to a carabiner. It is imperative that the webbing between the anchor 
points is brought to the collection point with a twist in it as shown in the 
illustrations below. If the half twist is not put in the webbing, and failure of one of 
these anchor points occur, the remaining anchor points will not hold the load. 

Anchor Vector Anales 

Rescuers must understand that simple physics will dictate the amount of weight 
imposed on each anchor in a Multi-point anchor system. The following 
illustrations demonstrate the resulting load placed on anchors based on the angle 
between anchor points. 

Anqle Vector Forces 
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At a O0 angle, the resulting load on each anchor will be 50%. If we built a two- 
point load-distributing anchor system, each anchor would hold approximately 
50% of the load. If our load were 200 pounds, the load on each anchor would be 
100 pounds. If the angle in the load-distributing anchor system were increased. 
to 90°, the resulting weight on each anchor would be 71 % of the load. If the load 
were 200 pounds, each anchor would be supporting 142 pounds. An increase in 
the angle to 120' will result in 100% of the load being placed on each anchor. If 
that angle were to be increased to 150°, the load on each anchor would be 
200%. 

Keep in mind that the rescuer has already made a subjective determination 'that 
the single-point anchor would not hold 100% of the load. If the load distributing 
anchor system is built with an angle of 120' or greater, the purpose of building 
that type of system has been defeated. As a general rule for building Multi-point 
anchor systems, we would like to keep the angle at less than 90'. 

Of note and concern to rescuers is the fact that loss of one anchor in a Multi- 
point anchor system will result in a "shock" load to the remaining anchor(s). If 
this happens, the remaining anchor points will not only have to hold the original 
load, but also have to withstand the "shock" load imposed on them by the failure 
of the other anchor(s). For this reason, *;:hzz building load distributing anchor 
systems, rescuers will want to minimize the size of the load distributing system. 
In order to do this and still maintain an angle of less than 900, it may be 
necessary to extend the anchors to the load distributing system . The benefits of 
building a load distributing anchor system are still apparent, but risk of shock 
loading due to anchor failure is minimized. 

Building safe and effective anchor systems is a skill learned only through 
cor~tinued education -and training. Be it in the wilderness setting or 
urbanlindustrial settings, the principles of anchor systems are the same. The 
only major difference is that of the material used. Trees and boulders or steel 
and concrete, the rescuer must make a subjective evaluation of the possible 
points of anchorage and then build a system properly. Without a good point(s) to 
anchor the retrieval system to, the rescue is doomed to failure. 
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MECHANICAL ADVANTAGE 

Hauling systems 

While there are many ways to move a heavy load uphill, a simple mechanical 
advantage hauling system is the most practical for rope rescue. The mechanical 
advantage system we refer to is a pulley system which is essentially an adapted 
block and tackle. 

In a simple pulley system, the force you put in is amplified to a greater force. 

The mechanical advantage of any machine is the ratio between what you put in 
and what you get out. For example, if we build a three to one (3:l) system,'we 
expect that it will only take 100 pounds of force to lift a 300 pound load. 

'The trade off is that to raise the load one foot, we must pull three feet of rope. A 
nine to one (9:l) system could theoretically lift a 900 pound load with only 100 
pounds of force exerted by the rescuer. However, to raise that load 10 feet, the 
rescuer would have to pull 90 feet of rope. 

Because friction in t t ~ a  system can never by entirely eliminated, the actual 
mechanical advantage (AMA) of a pulley :ys?sz is less than the theoretical 
mechanical advantage (TMA) and its efficiency is less than perfect. 

There are five rules for simple mechanical advantage systems: 

1. If the system begins at the anchor, it will be an even numbered system. 
Example: 2.1, 4:l 

2. If the system begins at the load, it will be an odd nurobered system. 
Example: 3.1, 5:l 

3. Count the number of pulleys and add one (1) to get your advantage. 

4. If the last pulley in the system is at the anchor, it is only a change of direction 
and gives no advantage. 

5. If a simple mechanical advantage system is pulling on another simple 
mechanical advantage system, you multiply the two systems to get the 
advantage. 
Example: a 2:l on a 3: l  gives 6:l 

The followi~g is a list of components that make up a typical mechanical 
advantage system for rescue. It must be noted that there are several different 
standards across the country. In many areas, mechanical ascenders are widely 
used for their efficiency and predictability. 
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However, it has been proven that hard ascenders can severely damage and 
even sever a rope when subjected to the shock load resulting from a 1 to 2 meter 
fall of a rescue load. In Arizona, the standard for the ratchet and haul device is 
8mm low-stretch accessory cord tied with a double overhand bend. 

The components of an Mechanical Advantage system for rescue include: 

Low stretch rescue rope 
Rescue pulleys 
Locking carabiners 
8mm system prusiks 
An anchor system 
A load 
Rigging plate (optional) 

There are some tips to make your life easier when setting up Mechanical 
Advantage systems. 

Always try to begin building your system from a specific starting point, be it 
the load or the anchor, and work your way through. Avoid skipping around 
during set-up. 

Take the time to set up your system cleanly, with no crossed or twisted lines 
as all the friction in a system adds up and is subtracted from your theoretical 
mechanical advantage. 

If your haul prusik is slipping, you do not need tandem prusiks; you need to fix 
the problem because a three-wrap 8mm prusik slips at 1200 to 1800 pounds. 
Do not overload your system. Putting tandem prusiks in the mechanical 
advantage system is like replacing a 20 amp fuse with a 40 amp fuse. You 
might burn down your house. 

"Piggyback" or "ganged systems are separate from the working line and offer 
great flexibility for setting up raising systems when you; are in tight quarters, 
don't have enough working line left to build your system, and/or when you 
must adapt to an unusual anchor situation. 

The following pages of diagrams illustrate simple mechanical advantage 
systems. Compound and complex systems are covered in another class. 
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- - - - 

1:l WITH A RATCHET 
ALSO A CHANGE OF 2:1 SIMPLE 
DIRECTION (CD) 

A 

PRUSIK 

RATCHET 

1 

HAULPULLEY 

Remember that simple pulley systems are often the most efficient. You need 100 
pounds of force to lift a 100 pound load with a 1: 1 but to lift that load 10 feet you 
only need to pull 10 feet. It only takes 50 pounds of force to lift the same 100 
pound load with a 2;1 but you must pull 20 feet of rope to lift the load 10 feet. 
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3: 1 Mechanical Advantaqe 

The components labeled here are 
the same for all pulley systems. 

The 3:l is also known as a "Z ANCHOR 

systemn or "Z dragn 

RIGGING PLATE 

PMP 

RATCHET 
PRUSIK 

.. . 

HAUL PULLEY 

HAUL PRUSIK -. 
LOAD 
\ 

33 
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3:l WITH CHANGE OF DIRECTION 

33# 

A change of direction pulley is used for the 
convenience of the haul team. It redirects the 
force applied and ads no advantage. 

The haul team theoreticaly applies 33 pounds 
of force to  lift 100 pounds. 

They must pull 3 feet of rope to move the load 
1 foot. 
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5: 1 Mechanical Advanta~e 

To add a Change of direction, 
simnlv add a sinale ~ul lev at the -.. . . r -J  --- - a - - ,  . 
outer hole on the rigging plate. 

Prusik 

Double Sheave 
Haul Pulley -bm I I I I 

Haul Prusik 

In a 5:l MA, 20 pounds of force will 
theoretically lift 100 pounds and you must 
pull five feet of rope to move the load 1 foot 
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Belay systems 

The primary rope in any rescue whether it be a rappel rope for one person or the 
main lowering line in a high angle rescue is called the working line. In the event 
of a failure of some part of this system, some type of a backup is very desirable. 
We call the safety backup a "belay". There are several types of belays and some 
are better than others. 

True Belav - to provide protection against a fall using a second unloaded rope 
and independent anchor. A second person handles the rope in such a manner 
that it may be taken in or let out as another person climbs, rappels or ascends a 
fixed rope or is raised lowered or transported. The belay must be secure to hold 
this load in case of failure of the primary support. 

Self belav - to provide protection against a fall by the person (s) needing the 
protection. That person moves their adjustable connection point along a fixed 
rope that remains without tension until the fall, as they climb, rappel or ascend on 
a different fixed rope or are raised lowered or transported by a separate rope. 

Conditional belay - to provide protection against a fall by using a rope that is 
already under tension from part or all of the load, to hold the load should failure 
occur in some other part of the system. 

Conditional self-belav - to provide protection against a fall by the use of a 
conditional belay that is managed by the persons needing the protection. An 
example is a rappeler using a mechanical rope clamp, hitch of cord or auto-stop 
decender on the rope that is also supportirlg him. 

While the working line is being set up, a second rope belay line should be set up 
right next to the working line. As stated earlier, the belay line should be attached 
to a separate anchor. The theory being that if the anchor system on the working 
line fails, the belay line and anchor can arrest the fall. At times, a separate 
anchor will not be available to attach the belay line to. In situations such as this, 
the belay line must be attached to the same anchor as the working line but using 
a separate piece of webbing. It must be understood that even with a two rope 
system, if the anchor fails, neither the working line or the belay line will arrest the 
fall of the load. 

A two-rope system should always be used to lower and raise a rescuer(s) and 
victim(s). The weight of the rescuer and victim, or load, will be on the working 
line. If failure of any part of the working line system occurs, the load will be 
transferred to, and arrested by, the belay line. This is, of course, only if the belay 
system is built properly and attached to a separate anchor. A separate, second 
rope attached to a separate, second anchor is the only true belay there is. .If a 
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separate anchor is not used for the belay line, that line may still arrest the fall 
after failure of any part of the working line fails except the anchor. 

Understanding that if any part of the working line fails, the belay line will receive 
the full weight of the load. Not only will the belay line receive the full weight of 
the load, but there will be a dynamic, or shock, load imposed on the belay 
system. Depending on how far the load falls before ,the belay line arrests the fall 
will dictate the total force imposed on the system. This force is transferred 
through the belay system to the anchor. If any component of the belay system, 
including the anchor, fails, serious injury or death to the rescuer can occur. l fwe 
can identify a good anchor(s) and build a good solid anchor system for attaching 
,the belay line to, we can be rest assured that. the system will do its job should the 
working line fail. 

The method of actually belaying during a raising or lowering operation varies 
depending on circumstances, such as the weight of the load. If the load is a 
single person (class I) load, 300 pounds or less, a munter hitch in the belay rope 
through to a large steel carabiner attached to the anchor system can be used,. 
Should failure of the working line occur, the belayer should be able to arrest the 

r -  - fall through the munter hitch. With loads of greater than a single person's weight, 
a munter hitch belay isvery likely to fail corr~pletely. 

A tandem prusik belay should 
be the belay technique of 
choice for any class II 
raisingllowering operations. 
This involves wrapping two 
8mm 3-wrap prusiks around 
the belay rope and connecting 
them to the carabiner attached 
to the anchor system. 

Tests have shown that, when 
built properly, the tandem 
prusik belay is the most 
effective in arresting falls with 
minimum amount of travel 
distance before the load comes 
to a stop. This minimal travel 
distance will in turn minimize the dynamic loading on the belay line caused by the 
falling load. 

Tandem Prusik Belav 

+ Load Releasing 
hitch 

y PMP 

1' Tandem 8mm prusiks 

I I 



Rope Rescue I 

Any time a second rope belay system is used in a lowering operation, some type 
of load releasing hitch should be installed between the belay device and the 
anchor. This load releasing hitch is very useful for two reasons. One is that 
should the working line fail, and the load is sudder~ly transferred to the belay line, 
the load releasing hitch is designed to absorb and dissipate some of the energy 
created by the falling load. This will minimize the shock load imposed on ,the 
anchor system. Secondly, another important reason to use a load releasing hitch 
in a belay system would be to release prusiks that may be stuck due to 
inattentiveness on the part of the belayer. 

If the rescuer is being lowered on the working line, and the belayer is not doing 
his work properly, the tandem prusik can "grab the rope and not allow the load 
to be lowered. When this occurs, the load will now be on the belay line and not 
the working line. If this happens, the problem can be fixed two ways. The load 
can be raised up on the working line, thereby transferring the load back to the 
working line where it belongs. At that point, the prusiks that were "stuck" on the 
belay line can be loosened and the lowering operation can continue. 

Another way to deal with this problem is to immediately "tie off' the working line 
to the descent control device. By releasing %the load releasing hitch, the load is 
lowered down on the belay line to a point that the load is transferred back to the 
working line. Once the load has been transferred to the working line, it can be 
unlocked from the descent control device. The belay line should now be slack 
and the prusiks can be "unstuck". At that point, the lowering operation can 
continue. 

Belaying a rescuer or victim is a very boring job, interrupted by moments of sheer 
terror. Attention to, or lack of, the specific techniques involved with belaying can 
make the difference between life or death to the person on the end of the rope 
during a rope rescue or retrieval operation. Training and attention to detail is the 
key to successful rescue operations. 

The belayer needs to be attentive to the operations of the rappel line. It is his/her 
responsibility to control the belay line so that it is not carrying any of the load, but 
that slack is kept to a minimum. Any good belay technique should employ a 
method which easily and quickly allows the belayer to pay rope in or out without 
hesitation. 
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MEDICAL CONSIDERATIONS 

Patient packaging 

Once the rescuer(s) has located the victim(s), a quick primary survey of the 
victim should be done. A quick check of the ABC's is necessary. If the condition 
of the victim allows, a thorough secondary survey, including a quick neurologica,l 
exam, should be done. If tinie pern- its, beginning ALS level treatment is good 
patient care. However, if the situation dictates, the best patient care may be to 
hurry up and extricate the victim as soon as possible. 

There are numerolJs methods for packaging a patient in a litter. It is recognized 
,that each patient packaging situation will present the rescuer with its own unique 
problems. It is expected that the rescuer try to follow basic guidelines as much as 
possible but it is understood that a reasonable amount of creativity may be 
necessary to adapt to the individual situation. 

Packaging a patient for extrication from technical terrain differs from packaging 
on the streets in several important ways. 

1. The patient must be secured and stabilized so that he will come to no further 
harm no mzttz; ;;tlat position the litter takes during the evacuation. 

2. The patients head must be protected from rock-fall and debris. 

3. The litter must be padded for patient comfort and stability as a typical 
technical evacuation may take several hours at a minimum. 

4. The patient must be protected from the elements as much as possible. 

5. Airway management, iv access and monitoring vital signs must receive 
special considerations over longer periods and with complex packaging. 

If the rescuer stays within the above guidelines, most patient packaging needs 
will be met. 

Patient packaging kit 

The patient packaging kit should contain the following material; 

1 litter with circumferential black webbing installed. 
1 each red, green and black webbing. 
3 or 4 blankets or similar padding. 
1 roll 2 inch cloth tape 
Appropriate cervical collar. 
Litter face shield or helmet and eye protection for patient. 
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Weather barrier ( wet weather ) 
Kendric extrication device ( optional for spinal immobilization ) 

Step by step guideline for packaging in a stokes liter is as follows; 

1. Place litter in a stable position near patient, secure to safety line if indicated. 

2. Pad bottom of litter and insert weather barrier if indicated. 

3. Transfer patient to litter utilizing appropriate technique and with consideration 
to spinal stabilization. 

4. Fill void areas with padding. 

5. Consider applying BP cuff and stethoscope to patients arm prior to 
packaging. 

6. Apply 15 foot red webbing to shoulders ( fig 
1 ) begin by tying overhand on a bight in 
end of webbing. Pass bight just around 
middle strut and take free end under 
shoulder and neck. Bring webbing over top 
of opposite shoulder and down to middle 
strut on that side. Pass webbing around 
strut and back up under shoulder and neck. 
Bring webbing over opposite shoulder and 
down to bight in the other end of the 
webbing. Pass webbing through bight and 
take slack out of webbing. Do not apply 
tension. Secure with two half hitches. Take 
remaining tail over to opposite side and 
cinch snug and secure wit two more half 
hitches. 

7. Apply 20 foot green webbing to upper body 
( fig 2 ). Begin by finding middle of webbing. 
Pass one half under patient knees and pull 
a 6 inch bight up between legs. Work bight 
and ends up to crotch with a sawing motion. Pass each end through center 
bight and pull each snug creating a modified seat harness. Take each end up 
to nearest strut and pass around with full round turn. Cross each webbing 
over chest to the next higher and opposite strut in an "x" pattern. Finnish by 
tying an overhand on a bight in one end and cinch the other end through the 
bight and secure with two half hitches. 
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8. Apply 30 foot black webbing to lower body ( fig 3 ). Begin with middle of black 
webbing and make two slip knots. Place bight of each slip knot over each 
foot. Snug knots tight and weave webbing back and.forth over legs and finish 
off at waist. 

9. Remember head and eye protection for 
patient. Consider lexan face shield. 

10. If spinal precautions are required, pad 
both sides of head and secure padding 
with cloth tape to litter rails. 

Once the victim has been properly 
packaged and prepared for removal, the 
extrication device must be attached to the 
retrieval system for removal. Once the 
victim has been removed and in a safe 
location, he/she should be transferred to a 
treatment sector for ALS level evaluation 
and treatment. After extrication of the 
victim(s), the rescuz:(z; can be removed. 

Incident command 

It is critical that in incident command 
system be established as soon as possible. 
A difficult rescue operation can involve 
many personnel from several different 
agencies; a strong central command 
system using radio communications with 
common frequencies is vital to organization 
and control. Even small incidents go 
smoother and safer when sound incident 
command. practices are employed. 

Scene assessment 

A good initial scene assessment is critical 
in order to get a safe, effective rescue 
operation going. The first rescuers on the 
scene have the responsibility of sizing up 
the situation and setting the tone for the 
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entire rescue. Don't make the mistake of immediately rushing into some 
desperate action. A few minutes spent planning and becoming familiar with the 
situation will pay off big in an operation that takes hours to resolve. 

Some of the priorities in scene assessment include: 

Locating the reporting party to gain as much information as possible. 

Try to identify the number of possible patients, types of injuries and 
mechanisms of injuries. 

Decide whether it is a rescue or a body recovery. 

Decide whether it is going to be a technical or non-technical evacuation. 

As soon as possible, an on-scene report should be given. The on-scene 
report should: 

- Briefly describe the incident. 

- Request any needed resources such as air support, ambulances, 
technical equipment, mutual aid, etc. 

- State a plan of action if appropriate. 
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PATIENT EVACUATION 

Removing the patient from a remote setting will be the most challenging aspect 
of the rescue effort. Patient evacuation begins with a strong plan of action. 
Evacuation planning should begin in earnest as soon as the patient's location is 
known. However, the incident commander should begin forming tentative plans 
ever1 before locating the patient, based on information about the type of incident 
and the reported location. It is always safer to downgrade an incident than to be 
caught playing catch up. 

Terrain Types 

There are four basic terrain types which are categorized by their angle of 
inclination. 

Flat terrain - 0 ~ - 1 5 ~  

LOW angle terrain - 15' - 40' Nan-Technical 

Steep angle terrain 40' - 60' 

Highangleterrain 60'- 90' ~echnical 

The angle of the terrain will be the critical factor that determines the difficulty of 
the operation and the amount of resources and skill required. 

Flat and low angle terrain types are characterized by relatively easy hiking where 
it is not so steep that we need to use our hands for balance. A litter team can 
safely negotiate this terrain without rope systems. At most, a single belay line can 
be used when there some chance that a slip or stumble would put 'the patient at 
risk. We say that flat and low angle terrain is Non-Technical. 

Strenuous hiking and or climbing where we need to use our hands and feet for 
balance characterize steep and high angle terrain types. In this terrain, the litter 
and bearers must be supported by a rope system to make safe progress and 
keep from falling. We say that 
Steep and high angle terrain is Technical. 



Rope Rescue I 

Low Angle Evacuation 

Non-technical vs. Technical evacuations 

These two terms differentiate between the different fundamental techniques and 
skills involved in a rescue. When used in an on-scene report, they will 
immediately give responding rescuers an idea about the severity of the situation 
and what type of equipment and skills will be needed. 

Non-technical evacuations 

This term describes an evacuation that can be safely accomplished by rescuers 
who have a minimum amount of rope rescue training and experience. It is also 
an evacuation that may only require a minimum of technical equipment. Some 
examples of non-technical evacuations include, but are not limited to: 

• Simple litter carryouts 
• Low angle embankment evacuations 

Flat and low angle litter carriers are, in most cases, a non-technical rescue. They 
require a minimum of technical skill and equipment. They may or may not 
isquire a belay. The object is to move the properly packaged and stabilized 
patient from point a to point b. That might mean two miles of rough trail or it 
might be two hundred yards from a rough spot to a usable landing zone. This 
type of rescue technique is tried, proven, and runs on muscle and shoe leather. 

'The litter can be carried by up to six rescuers. Standard procedure is for 
rescuers to position themselves equally on each side of the litter. The rescuers 
face the direction of travel. In most cases, the litter is carried feet first except 
uphill, in which case it is carried head first. The front right position is the leader 
position; whoever is in that spot makes the calls to lower, raise, or otherwise 
control the litter. Carrying a large patient any distance over rough terrain, or 
even smooth terrain, quickly becomes very physically demanding. 

It is ideal to have extra rescuers to rotate through the bearer positions. Eight to 
twelve rescuers make a good team. Extra rescuers generally travel out in front of 
the litter team. They perform several functions: scout ahead for the safest and 
most efficient route, move hazards out of the trail, and become bearers when a 
rotation is called. 

Good communication among the rescuers is essential for smooth and safe 
movement of the litter team. The rescuers in front should warn the rescuers 
behind about obstacles in the path. Each rescuer is responsible to let others 
know if they need to switch or if they are not comfortable with a given situation. 
Like any other rescue situa,tion, anyone can say stop if they see a problem, but 
only the leader will give the order to go. 
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Rotation should occur at frequent and regular intervals. Under ideal 
circumstances, the litter team can keep moving while bearers transition in and 
out. To be smooth and fluid, this procedure takes some practice but can save 
valuable time. When it is time to rotate, the leader calls "rotate" and two scouts 
take the forward litter positions. Then each bearer moves back a position and 
the last bearers fall out and quickly leap frog ahead to the forward scout position. 
The rescuers should switch sides during each turn through as a bearer. The 
team also has the option of simply putting the litter down, switching positions, 
and then resuming travel. 

Another way to help reduce fatigue is the use of carry slings. A carry sling is 
simply a fifteen foot piece of one-inch. tubular.webbing girth hitched around the 
litter rail and tied with an overhand bend. The rescuer passes the sling across 
the back and over the shoulder opposite the litter rail. He then grasps the loop 
and applies downward pressure to the strap with the same arm in order to help 
support his share of the litter. The rescuer then grasps the litter rail with. his 
inside arm and he can take in or let out the carry sling to keep the litter level over 
uneven terrain. 

The litter wheei IS an extremely useful tool for flat and low angle litter carries. It is 
specially constructed to mount to liZer frame directly under the center of 
gravity. There is a single wheel which is usually a large, low pressure type which 
offers good stability and some shock absorbirlg characteristics. Four rescuers 
can easily handle the loaded litter and wheel on flat terrain. A fifth rescuer can 
be used as a dynamic brakeman moving down hill behind the litter with a twenty 
or thirty foot piece of webbing attached to the head of the litter. 

The wheel is also effective with only two rescuers on narrow trails or in 
ecologically sensitive areas, where a wide team may cause excessive damage to 
plant life. 

It is very likely that rescuers might encounter sections of steep angle terrain while 
doing a low angle carry. In some situations, it may be possible to negotiate 
steeper sections of terrain and/or obstacles by utilizing a non-technical technique 
known as the caterpillar pass. This technique can save significant amounts of 
time by safely eliminating the need to set up complex rope systems. 

When an obstacle or steep section is encountered, 'the team goes as far as 
possible and then holds position while carefully passing the litter forward a few 
feet to waiting rescuers who have firmly planted footing. The rear rescuers then 
break away and quickly leap frog up ahead and get into position to receive the 
litter. This system depends on deliberate, steady handling of the litter and stable 
footing for the rescuer. 
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Use Of Belavs 

In some situations, it may be desirable to belay the litter when there is significant 
exposure and/or when footing is questionable. The rescuers still face in the 
direction of travel, they are not tied in to the litter, and no load should be placed 
on the belay line. This belay is precautionary and relevant to the exposure 
present. Usually, a munter hitch is sufficient to belay this load, but tandem 8mm 
prusiks and a prusik minding pulley work very well to belay a litter team moving 
up a slope. When in doubt, belay. 

Steep Anqle Evacuations 

Steep angle is defined as terrain with 40 to 60 degrees of inclination. Some 
terrain with inclinations less than 40 degrees could require steep angle 
evacuation techniques due to weather conditions or loose, unstable soil 
conditions. 

Steep angle evacuations are technical evacuations requiring knowledge of: 

.- .Sopes and rappelling techniques 
Anchoring systems 
Patient management and packaging techniques 
Raising and lowering systems 

Steep angle evacuation systems err~ploy the use of a main working line for 
raising and lowering, and a belay iine for safety. These types of technical 
operations involve different techniques in contrast to non-technical operations. 

1. Rescuers must be at advanced skill level 
2. Moderate to maximum exposure (risk of injury or death) 
3. Maximum load on rigging and anchors 
4. Rescuers must use approved seat harness and helmet 
5. Command operations are mandatory to coordinate activities 
6. Communications are critical 
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Steep Angle Rappel 

Rappelling is a basic tool for the technical rescuer. It involves descending a fixed 
line by sliding the rope through a friction device which is cor~nected to the seat 
harness. There are several skills necessary to rappel safely and effectively. This 
includes knowledge of anchors and anchor systems and understanding of proper 
rappel and belay techniques. 

Rappelling is most commonly used in technical rescue operations to reach a 
patient or scene. Technical operations include both steep angle (40 to 60 
degrees of slope) and high angle (less than 60 degrees). A good rule of thumb is 
if you need your hands for balance to move up or down, you are in the technical 
environment and should use ropes for safety. 

Rappelling is not a swat maneuver in the rescue setting. It is a controlled 
descent down a fixed line. Rapid, bouncing rappels can cause loss of control, 
damage to ropes and shock load anchors, and can result in injury or death. 

Equipment 

For this class, the following equipment is required for rappeiiing: 

approved seat harness 
leather gloves 
helmet (rescue or fire type) 
proper footwear 

There are several types of friction devices used for rappelling: 

carabiner wrap 
munter hitch 
figure 8 with ears (rescue 8) 
brake rack 
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Belavs 

Belaying is a process of protecting and arresting a person on a rope from an 
accidental fall. There are several different types of belays used for different 
operations. For this procedure, the method of using a second life-line, 
independent of the rappel line, will be used. This is a true belay. 

It is important for rappeler and belayer to communicate during operations. The 
following rappel signals should be used: 

Rappeler Belaver meaninq 

"On belay." Is belay ready? 

"Belay on?" Belayer is ready. 

"On rappel!" Rappeler is ready. 

"Rappel on!" 

"Slack!" 

"Up rope!" 

"Off rope!" 

"Off belay!" 

"Rock!" 

"Stop!" 

"Falling!" 

"Rope!" 

Rappeler begins descent. 

Need slack in belay line. 

Belayer takes up slack. 

Rappeler finished and off rope. 

Rappeler off belay line. 

Rock is falling. 

Cease all operations. 

Rappeler is falling; lock-off belay line. 

Rope being deployed; attention below. 
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Operation set-up 

1. Select rappel site. If possible, do not descend directly over patient. Try to 
rappel on either side of patient a few feet. This reduces rock fall hazards. 

2. Choose anchors and set up anchor systems for both rappel line and belay 
line. 

3. Secure ropes to anchors and deploy ropes down slope, using proper 
technique and signals. 

4. Attach belay line to harness. When belay in "on," approach rappel line 
and wrap figure 8 or load brake.rack on line. 

5.  Always double check harness, rigging, carabiners, and descending device 
prior to rappelling. Make sure clothing, hair, etc. Are clear or tucked in. 

Rappelling Procedures 

Once the set-up is complete, the rappeler holds the rope beh i~~u  his hip with his 
brake hand, and above the descent device with his other hand. The rappeler and 
belayer exchange signals and the descent begins. The rappeler leans back on 
the rope and walks slowly down the hill, perpendicular to the slope, controlling his 
speed by tightening or loosening his grip on the rope with the brake hand. Never 
take your brake hand off the rope. Once the rappeler reaches his destination, he 
communicates with the belayer and removes the ropes from his harness. 

During rappel operations, techniques can be used to lock off the figure 8 and 
brake rack and allow the rappeler to stop mid-slope. 'This involves wrapping and 
tying off the rope on ,the descent device. These techniques should be 
demonstrated and practiced prior to rappelling. 
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Pre-Rescue Operations 

Prior to actual rescue operations beginning, a size-up of the incident must, be 
completed and several tactical considerations should be reviewed: 

1. First arriving rescue personnel should secure witnesses as soon as 
possible after arriving on the scene. This will help in identifying problems 
and locating victims. 

2. A conimand system should be implemented. 

3. Locate the victim. In most cases, command will have to send a recon 
team to the area of the victim to determine location of victim and nature of 
injury. The recon team should have medical equipment to begin 
administering treatment. 

4. Corr~rnand should determine resource needs and availability, based on 
information from witnesses and recon team. 

5. Assess hazards. Command should assign a safety officer to identify all 
potential hazards to rescuers. The safety officer is responsible for 
securing hazards or making all members awzrs sf :he hazards. 

6. A decision must be made whether the operation will be conducted in the 
rescue or recovery mode. The recovery mode is used when there are no 
viable patients to rescue and operations should be conducted with the 
lowest risk to rescue personnel as possible. 

7. Decide on a plan of action. All rescue personnel should be briefed on the 
situation and the plan prior to operations beginning. 

8. Field teams responsible for tactical objectives should have a leader to 
direct their activities who will be referred to as the Technical Sector Officer 
(TS 0). 
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Rescue Operations ( Steep Angle 1 

After pre-rescue operations have been completed, the plan of action to remove 
the victims can be irr~plemented. Rescue operations should be conducted from 
low risk to high risk. A risklbenefit analysis should be conducted. Rescue 
operations should be conducted with the least amount of risk to rescuers 
necessary to rescue the victim. 

The following guidelines should be used to set up and operate in the steep angle 
environment. 

1. Identify site for descent and fall line. Try not to descend directly over 
victim. This reduces rock fall hazards. 

2. Choose anchors and set up anchor systems for both working and belay 
lines. 

3. Set up lowering and belay systems. 

4. Litter bearers should set up litter and bearer tie-in systems. All necessary 
patient packaging equipment should be secured in litter. 

5.  These set up operations should be assigned to specific personnel and can 
be accomplished simultaneously. While set up operations are being 
completed, the recon or treatment team should be preparing patient for 
extrication from the scene. It may be necessary for treatment personnel to 
rappel down to the victim(s). 

Technical Evacuation System Procedures 

Once the set up has been completed, lowering and extrication operations can 
begin. '~ i t ter  bearers assume their position on the litter and prepare for lowering. 
There shall be at least three bearers on the litter assisting with litter evacuations. 
Bearers should face the anchor during the operation and be tied in to the litter. 

Additional personnel should be assigned to belay line, working line, and safety 
officer. The Technical Sector Officer (TSO) will direct all rope operations. Only 
the TSO can initiate raising and lowering operations, but any member of the team 
may halt operations by calling stop. 
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The TSO will confirm that all personnel are "ready" prior to starting operation, i.e., 
"bearers ready?", "working line ready?", Or "belay ready?". When the TSO gets 
confirmation from each station that the system set up is complete, he will begin 
the operation with the following commands; 

"Take your positions and prepare to pretension the system." 
"Safety, is the system OK?" 
"Bearers ready?" 
"Belay ready?" 
"Brakeman ready?" 
"Pretension." 

If each station answers "ReadyJ1 then the bearers should pre-tension away from 
the edge. Pre tensioning involves locking off all lines and applying weight to the 
system by having the bearers lean back on the lines. This will set all knots and 
take out any stretch in the lines and may show problems with equipment or set- 
up. When the safety officer has checked all rigging and personnel, the TSO 
states the following commands again; 

"Bearers ready?" 
"Belay ready?" 
"Brakeman ready?" 
"ready, lower slow!" 

The brakeman lowers the litter slowly and steady. The belay line is payed out, 
but with the minimal amount of slack necessary to keep the load on the working 
line. The belay line should not be loaded at any time during normal operations. 
The bearers should lean back on the system and be perpendicular to the slope. 

Once the litter reaches the victim, the working and belay lines are locked off and 
the bearers are free to package the patient in the litter for raising. The patient 
should be loaded in the litter with head up-slope. 

While patient packaging is performed, the working line should be changed from a 
lowering to a raising system with a mechanical advantage (MA) attached when 
needed. The type of MA will depend on personnel available and experience and 
training. 
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When the patient is ready for raising, the 
bearers should place the litter in position for 
raising and again tie in to the litter. 
Communication is essential for smooth raising 
operations. The TSO again confirms all 
personnel are ready and ,then gives the order 
"ready, haul!" The litter is raised using a slow, 
steady pulling technique. Avoid short jerky 
pulls on the rope. Operations may have to be 
stopped to reset the MA, or as litter team needs 
for litter adjustments or footing. Operations 
continue in this manner until the litter is up over 
the edge and safe. 

The belay line shall be managed throughout 
hauling operations to minimize slack in the line 
and potential for shock loading during a line 
failure. After the victim has been extricated and 
the systems have been broken down, all 
equipment and rope should be inspected for 
damage or wear according to inspection 
procedures. 

The same set of commands are used for lower 
and raises and are repeated clearly any time 
the litter stops for more than 30 seconds 
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Appendix a 

Equipment list 

Hardware 

1 stokes type litter 
25 steel locking carabiners 
4 single sheave pulleys, rescue, 2" 
2 double sheave pulleys, rescue, 2" 
2 prusik minding pulleys 
2 edge rollers 
1 system brake bar rack 

Software 

112" static rescue rope with bag, 100' 
112" static rescue rope with bag, 200' 
112" static rescue rope with bag, 300' 
1-12" static rescue rope with bag, 600' 
sets of system prusiks, 8mm 
1" tubular webbing, 30' 
1" tubular webbing, 20' 
1" tubular webbing, 15' 
1" tubular webbing, 10' 
1" tubular webbing, 5' 

Optional equipment 

1 litter wheel assembly 
I knot passing pulley 
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