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Briefing for Technical Rope
O p e r a t i o n - Q u i c k R e f e r e n c e

General**
1) Here's What 1 think we face;

2) Here's what 1 think we should do;

3) Here's why;

4) Here is what we should keep an eye on;

5) Now talk to me...
•"Adapted from Dr. Karl Weicke. University of Michigan. 1995

Specific

• Assign a Safety officer (if possible)

• List special safety concerns

• E s t a b l i s h h a z a r d z o n e

• Establish edge transition location

• E s t a b l i s h a l i n e o f d i r e c t i o n f o r m a i n l i n e

• Explain mainline specifics

• Explain needed edge transition techniques

• Explain expected time frames

• Assign package operators

• Designate anchors

• Assign a Control officer (if possible)
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CONTERRA

0
Property of:

If you would like to order more copies of this guide, have questions or
comments about this guide, or would like a catalog of our complete line
of EMS and rescue equipment, please contact us at:

CONTBRRA TECHNICAL SYSTEMS INC.
1600 Kentucky Street # A-3'Bellingham, WA 98229

PH (360)734-2311-FAX (360) 738-2241
E M A I L i n f o @ c o n t e r r a - i n c . c o m

W E B w w w. c o n t e r r a - i n c . c o m

A u t h o r s n o t e :
This guide contains information on basic rescue techniques only.
Many important skill and concepts cannot be properly shown in a
guide of this kind, and have therefore been omitted. For complete
instruction, please contact a reputable rescue school.

Copyright © 2009 by Conterra Inc. All rights reserved. No part of this publica
tion may be reproduced, stored in a retrieval system, or transmitted, in any form
or by any means, electronic, mechanical, photocopying, recording, or otherwise,
without the prior written permission of the copyright owner.
We will prosecute copyright violators to the fullest extent of the law.

Second ed i t i on :
1 s t p r i n t i n g 3 / 9 7 , . .
2 n d p r i n , i n g 7 / 9 7 f ^ ' 0 9® 2 n d p n n t i n g J / 1 1

Rev ised fi rs t ed i t i on :

1st pr int ing 10/97 9th pr int ing 9/05
2nd pr int ing 1/98 10th pr int ing 1/06
3 rd p r i n t i ng 7 /98 l l t h p r i n t i ng 7 /07
4th pr in t ing 7/00 12th pr in t ing 7/08
5 t h p r i n t i n g 1 0 / 0 1
6 t h p r i n t i n g 1 / 0 2

I S B N 0 - 9 6 6 5 7 7 7 - 1 - X
8 t h p n n t i n g 7 / 0 4
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W A R N I N G !

A
Read this Carefully:

The skills and techniques shown in this guide are for
expert use only! Even when properly performed, loss
or injuries may result, you could die, or you could kill
someone else. It is your responsibility to seek competent
hands on instruction in rope rescue, and the specific
techniques shown in this book before ever trying them
in the field. Conterra Inc. and/or the author accept no
responsibility for loss, damage, injury, or death, result
ing from information contained in, or omitted from, this
guide.

What this guide is-
The techniques shown within this guide represent a "paradigm shift" in mod
ern rope rescue. Since the mid 1980's, a new generation of rescue techniques
have evolved, borrowing heavily from work done by Rigging for Rescue in
Canada- focussing on light equipment, quick response, and a high degree
of safety and flexibility. These techniques have been found to work equally
well in the back country as well as the industrial setting. If your rescue team
is not currently using some or all of the techniques shown in this guide, we.
hiphlv recommend that vou update vour training. There are several excellent
rescue schools located around N. America that are skilled in these techniques.
If you have questions or need updated training, please feel free to contact
Conterra Inc. for recommendations on a school near you.

H o w t o u s e t h i s G u i d e -
This guide is intended as a field reference for rescuers already trained in,
and familiar with, these techniques. The technical illustrations are cross ref
erenced by page number, so that you can quickly zero in on the exact rigging
technique in question. Starting at an overview page ( High Angle Raise, for
example), follow the page references to the subject you wish to view.

System Overview



Slopes, Risk and Ropes

R i s k
A s s e s s m e n t

Risk assessment on this page is
based on probability of a mishap -f
consequences of a mishap + person
nel in harms way + objective hazard
[eg rockfail].
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Rigger
{and/or control)

Be lay
p a c k a g e

M a i n l i n e

p a c k a g e
R e s c u e / P a t i e n t

package
Edge

package

The technical rescue system

System components
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for tieing knots, bends and hitches. More descriptive terms are

listed below)

D e fi n i t i o n s ;

Knot> when a strand of material is t ied to i tself .

Bend* wtien two or more strand ends of material are t ied to each other.

Hitch- when a strand (or strands) of material is tied around another object in such a manner that if
that object were removed, the hitch would undo itself.

Running end- the end of the rope or material that is being worked with (i.e. the threading end).

Standing part- The part of the rope to be tensioned.

Bight- A 180° turn in the strand of rope or material.

Loop- A 360° turn in the strand of rope or material.

Round TUrn- a 540° turn in the rope.

Reeve- Pushing a bight of rope through an eye or loop.

rA General rules
Dress and stress all individual strands that enter and leave the knot. i .e. make sure that
there are no loose spots, twists or turns that are not supposed to be there.

After dressing and stressing there should be a minimum
of one hand width of tail leaving the knot for 11 and 12
mm rope, as well as 25mm webbing. For smaller diameter
cordage, the length of tail should be about 6 times the
c o r d d i a m e t e r.

Some knots require a safety tie off at the end, others do not. Follow the illustrations carefully.
Knots of the bowline family (bowlines, sheet bends, etc.) should always have the tail(s) an
chored in some manner, either a safety tie off, or attached to another part of the system.

Inspect all knots by sight AND touch before allowing a system to function.

I > ) >

K n o t s -
(a "knor is a general term

A general rule of thumb for engineering rope rescue systems is that ALL knots and liends in
round nylon and polyester cord decrease the overall breaking strength of the cord by about 30%.
Knots and bends in tubular webbing decrease the webbing strength by nearly 50%
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" I n l i n e " B o w l i n e -
CLIP BOTH LOOPS to secure
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^ Overhand knotc = ( g ^

K n o t s
(23)



B e n d s

> > > ) > ) ) ) ) ) > > ^ ) ^



ao§



Clove hitch with webbing
and overhand safety tie

H i t c h e s
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(28) 3:1 Radium Release Hitch
(for general rescue use)

— Use 8mm Nylon cord

— Infeed of Munter hitch

should be on the gate side
of Carabineer

— Dress hitch Properly 1
—Attach ta i l to anchor

Radium Release Hitch
Properly dressed RRH
should be no more than
10 cm (one hand width)
long

) ) ) ) > ) ) ) ) ) )
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P e r s o n a l
R igg ing

- A
G e n e r a l r u l e s

- The idea of personal rigging
is that every technical rescuer
should have enough gear to
not only protect themselves,
but also to harness up, rappel,
ascend, build their own travel
limiting system, and patient
package attachment, widiout
the need to bo r row f rom
die group equipment cache.
Listed below is die gear need to
achieve th is .

n A
The author and Dr. David Johnson help a civil de
fense worker don his harness, La Paz, Bolivia

Personal gear

Helmet with chin strap

Eye protection ( from falling and flying debris)

Ear protection ( for helicopter and industrial work)

Leather gloves with clip loops

3 locking carabiners

Rappel device (preferably one that does not twist the rope)

1 complete set of Purcell Prusiks

1 full body harness (or webbing to tie one)

E M T s h e a r s

Personal Rigging
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Purcell Prusik system

■ Always carry a full set of
Purcells into the field on any
r e s c u e ,

• When using as foot loops,

snug Prusik hitch down on
top of foot

When using as foot loops,
spread strands under foot as
wide apart as possible for
maximum support.

Equipment needs:
32.5 ft (10m) X 6mm Prusik

cord (enough to make all three
component parts).

6mm Nylon cord

( 3 3 )

Personal Rigging
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Anchoring systems

Fixed and focussed tie back anchor, Invermere B.C. Canada

rA General rules
Focus anchoring system to a central point that is in line with the direction of force
caused by the rescue system.

When using multiple anchors, make sure that the force is distributed as appropriately as
possible across all anchors
As a rule of thumb (when connecting to a single strand of webbing), the angle of de
flection of the webbing that connects the carabiner to the anchor should be 90° or less.

Avoid using ANY anchoring system that loads a carabiner in any direction but directly
along its spine (use of pre-sewn anchor straps or "quick straps" often results in carabi
ner "side loading", be aware of this risk and avoid it).

Make sure that the anchoring object does not have sharp edges that may damage anchor
m a t e r i a l .

Make sure that the anchoring object is not hot to the touch.

Make sure that the anchoring object is free of chemical and petroleum products, which
can damage anchoring material.

When in doubt of an anchor's strength, use multiple anchors.

Anchor systems
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T r i - l i n k

"Quick strap" anchor

"Quick strap" anchor
v a r i a t i o n s f o r w i d e a n c h o r s

Use of pre sewn anchor straps or "quick straps" can often result in
dangerous carabiner "three way loading". Avoid this!

B a s i c a n c h o r s
(37)

Anchor systems



Adjustable distr ibutve
a n c h o r

(For instructions on how
to tie a Prusik on it's

doubled self, see page
34)
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Quick Systems Anchor with Rescue Rope





Multiple anchors

Ta n d e m P r u s i k s

Floating Focal Point
Anchor System

(Brings anchors forward towards edge)

(41)

Anchor systems

tens ioned f ron t t ie



High strength tie off (42)

retaining pins in place
{one from each side)

Rig with a slight
d c fl c c t i o n i n t h e

m a i n l i n e w h e n

anchoring around

Anchor object for high
strength tie off should

be at about 10 x the
diameter of the rope

i.e. 4.5"(10cm)foran
II.1mm rope

Rope should wrap around
trees two to three t imes

Rope should wrap around
smooth objects up to

f o u r t i m e s

Variation of High strength tie off
using a Kootenay Carriage

B a s i c a n c h o r s

) ) ) ) ) ) ) ) > > ) ) )
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Belay- Raise/Lower
(Traverse Rescue 540 Belay)

A

Equipment needs:
1 Traverse Rescue 540 Belay

d e v i c e
1 Locking carabiner

Anchor (see anchor sect ion)

Always have an attentive belayer, do not leave
belay system unattended.

Never belay off your harness if catching a rescue
load (200kgs+)

Load the Traverse Rescue 540 by making
a full "round turn" ( 540°) around the
ova l sheave.

Be sure that the protruding spring pins
in the oval pulley divide the strands of
rope in the round turn.

Align the side plate holes with the pulley axle and
stationary wedges, and click into place.

. When letting out or taking in rope, smooth
motions are key. Jerky movements may trig
ger the device.

• Release a "triggered" 540 by slowly swinging the
release lever toward the tensioned strand of rope.
Do this only when transferring to a locked off
m a i n t i n e .

If the Traverse Rescue 540 is only "lightly triggered"
due to rope feed difficulties, a quick change of feed
direction can return the pulley to its neutral position.

Use the Traverse Rescue 540 only with ropes that
have less than 5% stretch at 2kN of tension.

) > ) > ) ) > ) > ) > ) ) ) )





E q u i p m e n t n e e d s :

1 M P D d e v i c e
1 Locking carabiner

Anchor (see anchor section)

(46)

Belay- Raise/Lower
(MPD Belay)

A
Read and understand complete directions
tha t come w i th dev ice .

Thread by swinging open the side plate and
placing a bight of rope around pulley sheave. ̂
Be sure that the infeed of the rope goes in
between the V grooves as shown. Close
side plate.

Do not let go of the infeed side of the rope without
first engaging the Parking Brake.

To Belay for lower, let rope slide through Outfeed
hand providing slight fnction (back tension) on
rope, while feeding rope into the device with the
in feed hand .

After about lOM you may begin to use the MPD belay to
share the load with the main line by switching from fric
tion of the outfeed hand to using the Tee Handle release
lever. This helps account for rope stretch on long lowers.

In the event of a lockup (or hard fall) pull out and turn
Tee Handle Release Knob to release the tension of a
locked up system.

To belay for a raise, pull the rope hand over
hand up through the device. A 3:1 pulley
system may be added for long raises, but
use only hand tight tension on the belay (no
pulley system) for final edge transition.

) ) > ) ) ) ) ) ) ) ) ) ) )





(48)

Belay- Lower
(Tandem Prusik Belay)

- A
Always have an attentive belayer, do not leave belay system unattended.
Never belay off your harness if catching a rescue load ( 200kgs+)
It is good practice to have an extra load releasing hitch and Prusik set standing by for knot
passing ( see end of this section) and for Tandem Prusik Belay change out, should a fall
o c c u r .

Prusiks should be sized so that when each Prusik is snugged tight in position of
function, and the tension balanced between the two, there should be 10cm (onehand width) between the Prusik.s. — ̂

Do not substitute webbing for the 8mm cord in
the load releasing hitch. (Webbing can create
melting problems, making deployment choppy
or impossible)

Equipment needs:
1 33ft. (10m) X 8mm utility cord
1 set Tandem Prusiks (1.4m

and 1.7m respectively)
2 Locking carabiners

Ext ra f r i c t ion dev ice**

Do not wrap thumbs around belay line when using
a Tandem Prusik Belay, use a "hitch hikers grip"
instead.

Use a "skyward tilt" of the hands, and keep
a bow of approx 20cm of slack line between
h a n d s

During a fall or system failure,
quickly push Prusiks in direc
t ion o f fo rce .

♦*0n longer lowers (greater
than about 30M) a Scarab®
or other f r ic t ion dcv ice can

be added behind the TPS. to
aid in rope management and
account for rope stretch.

> ) ) ) ) ) ) ) ) ) > ) > )
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Belay- Raise
(Tandem Prusik Belay)

Equipment needs:
1 32Ft. (lOra) X Smm utility cord
1 Set Tandem Pnis iks (1.4 in)

and 1.7m respectively)
2 Lodging carabiners
1 PMP pulley

Always have an attentive belayer; do not leave
belay system unattended. A n c h o r

Do not wrap thumbs around belay line when using a
Tandem Prusik Belay; use a "hitch hikers grip" instead.

Always have an extra Prusik set and load releasing hitch
standing by for knot passing { see end of this section) and
for Tandem Prusik Belay change out, should a fall occur.

PMP pulley may be omitted if pulley needed
e l s e w h e r e .

Never belay off your harness if catching a rescue
load (200kgs+).

During a fall or system failure, quickly push
Prusiks in d i rect ion of force.

Aggressive belay skills may be necessary in ex
tremely wet or icy conditions.

Do not substitute webbing for the Smm cord in the
load releasing hitch. (Webbing hinders shock absorp
tion, and can create melting problems).

) ) ) ) ) ) ) ) ) ^ ) ) >
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(52) Equipment needs:
1 Large carabiner

A n c h o r

(see anchor section)

Belay- Single person
(Miinter Hitch Belay)

CAUTION! For single person
load only. DO NOT USE WITH
R E S C U E L O A D S ! T h e h u m a n
hand cannot generate enough force
to reliably stop a rescue load
(200kg+) should a significant fall
or system failure occur.

This belay system requires significant prac
tice to become proficient.

Never let go of the rope with either hand. When
you need to move your hands slide them along the
rope instead.

If out of practice v/ith this skill, or if you have not caught
a falling climber on a low stretch rope with this system,
switch instead to a Tandem Prusik Belay (see previous
page).

) ) ) ) ) ) ) ) ) ) ) ) )





Belay Knot Pass for Lower



(55)

M a i n L i n e

paclcage

Rescue at British Petroleum Refinery

All main line carabiners should open DOWN and away from obstacles. Micro oscilla
tions caused by a tensioned main line running over objects can vibrate gate collets open.

Use High Directional Anchors (HDA) when ever possible with the Main line ( see Edge
section)

As a rule of thumb, uy to keep maximum main line loads below 2kN (4401b0 for 11.1mm rope,
and 2.8kN (6001bf) for 12.5nim rope.

Have an extra load releasing hitch and Prusik standing by
for knot passing (see end of this section).

1 ^
Metal cammed ascenders are not recommended for use on the main
line. They can be easily overloaded, causing rope damage and pos
sible system failure.

Figure 8 plates are not recommended as brake devices on main
lines. It is difficult to add or subtract friction during an operation,
and excessive rope twisting can occur during multiple station
l o w e r s .

Main Line package
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Main Line package
(Scarab® Lower)

A
Equipment needs:

1 S C A R A B ® r e s c u e t o o l
1 Locking carabiner

Anciior ( see anclior section)

• Carabiners should open downward
and away from obstructions.

- Have a load releasing hitch and
Prusik handy in case you need to
pass a knot (see end of this section)

• Load SCARAB® by capturing a bight
of rope with the crossbar. Wrap the
Hyperhoms in the order shown. Always
start by wrapping a FORWARD horn
(# I or #3 on outfeed end of device).

• Wrap all horns, then slowly unwrap
until desired speed of descent is
r e a c h e d .

■ To lock off a SCARAB® rescue tool, wrap
four hyperhoms and place a bight with a twist
over a forward horn (see below).

S C A R A B ® l o c k o f f

) ) ) ) ) ) ) ) ) ) ) ) > ) )
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Main line package (Lowering operation)

T E N S I O N T H E S Y S T E M !
TENSION THE SYSTEM- Hold the rope
tightly in gloved hand to resist the force be
ing applied to the rope as the rescue package
is put into hanging position. You do not
need to lock off .

) ) ) ) ) ) ) ) ) ) ) ) > ) )
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D O W N !

DOWN- Allow rope to slide through gloved
hand to achieve desired speed. You may
slowly unwrap horns to adjust for changes
in terrain etc.

L o c k o f f
For an extended stop, you may lock off
a SCARAB® rescue tool by wrapping
all four hyperhoms, then place a bight
with a twist over a forward horn. This is a
"soft lock" and is appropriate for all non
emergency situations. You can now let go
of the rope.

Unat tended Lock Off

If the Main line must be left unat
tended in an emei^ency, a second
bight with a twist can be added to a
rear horn. This is a "hard lock" and
wi l l ho ld an 11mm or 12 .5 mm rescue

rope until the rope breaks.

^
Main Line package
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Main Line package
(Brake rack Lower)

A
' Carabiners should open downward

and away from obstructions.

. Make sure the rope is NOT passed
between the fi rs t bar and BEND
in the rack!

• Have a load releasing hitch and
Prusik handy in case you need to
pass a knot (see end of this section)

. If left unattended Jock off brake rack

" S o f t L o c k '

E q u i p m e n t n e e d s :

1 "Hyperbar"Four bar brake
r a c k

1 Locking carabiner
Anclior (see anchor section)

" U n a t t e n d e d L o c k

) ) ) ) ) ) )





Knot Pass- Main L ine Lower

3) Let LRH Prusik hold
t h e L o a d
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Main line package
(Raise)

A
E a u i p m e n t n e e d s :

(for pulley system shown below)
2 PMP pulleys
2 Locking carabiners
2 System Prusiks (see Gen. sec.)
Anchor (see anchor section)

Carabiners should open downward
and away from obstructions.

Prusik should clip into the carabiner
before attaching pulley (Prusik
should be against the carabiner
spine).

Use just one Prusik for the ratchet Prusik portion.

■ Use the smallest mechanical advantage pulley
system needed to do the job. This speeds up the
operation and decreases the number of resets

Substituting metal cammed
ascenders for Prusiks on the
main line can cause rope
damage and possible system
failure, should the system
be over loaded. "Prus iks can

clutch, cams can cut".
travelling Prusik

For other Pulley system
choices see pages 66-69
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c o m p o u n d
9 : 1

(3:1 on a 3:1)
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Increase overall efficiency of a compound pulley system by offsetting a simple system from
a second simple system by distance and/or direction.

Choose the direction of the secondary system to maximize safety and efficiency of pullers ie
point the secondary system along a trail or catwalk.

Lengthen the throw of the secondary system so that it equals the throw of the primary system
times the MA of the primary system. (example: Primary MA = 3:1, Primary length of throw
= L. Secondary length of throw= 3 x L) This makes both resets happen at the same time.

O f f s e t

Pulley Systems

Cr>

I
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1) Prepare
to pass knot
w i t h e x t r a

pulley and
P n i s i k

3)Re-attach
travelling

P r u s i k
u n d e r k n o t

©



©

4) Attach
new pulley
and ra tchet
P n t s i k

b e l o w k n o t

5 )AUow
n e w r a t c h e t

P r u s i k t o

grab the
l o a d

© ©



E q u i p m e n t n e e d s :

1 M P D d e v i c e
1 Locking carabiner

Anchor (see anclior section)

(72) R a i s e / L o w e r
(MPD Belay)

to anchor̂

A
Read and understand complete directions
that come wi th dev ice.

Thread by swinging open the side plate and
placing a bight of rope around pulley sheave.
Be sure that the infeed of the rope goes in
between the V grooves as shown. Close
side plate.

Do not let go of the infeed side of the rope without
first engaging the Parking Brake.

To lower; undo the parking brake, pull out the Tee
Handle Release lever and carefully turn counter
clockwise to control speed, while training the infeed
rope against the fixed V groove with the other hand. For
heavy rescue loads, place infeed rope into the Secondary
Friction groove.

To Raise, set the parking brake, build the
appropriate pulley system using the slack
end of the main line. Release Parking
Brake and pull up on the main line, using
the MPD as a change of direction pulley
and progressive capture device.
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Main Line package

(73)











4 Carabiners or screw links
1 8mm X 10m utility cord
1 Edgebot^ " or Roof roller

Railing used as a High
D i r e c t i o n a l A n c h o r
(HDA)

D i r e c t i o n a l a n c h o r s
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I ^ ^ ^ ^ ) ) ) ) ) ^ )
Equipment needs:

1 EdgebotTM
1 8mm X 10m utility cord
1 spine board

Edgebot™ and spine
board used for edge tran
s i t i o n o n s o f t s o i l o r s n o w

(79)
Edge Package



(80)

Slider Rope Guards for the Belay

- A
- Guard should completely encase the

belay line in case of a pendulum.
- Inside of slider rope guard should be

several layers of COTTON canvas or
Kevlar® fabric. Do not use synthetics
like Nylon or Polyester.

• Run belay line at ground (deck)
level, or use a separate HDA.

- If the mainline runs through an HDA
more than a meter above ground level, use
separate slider rope guards for the main
and belay.

• Tie off the keeper cord to secure
the rope guard in place.

) > > > > ) ) > ) ) ) ) ) )





Equipment needs:
1 10ft (3m) pole
1 8nim X 10m utility cord
1 12ft (3.Sm) webbing strap
7 C a r a b i n e r s

2 Low stretch guy ropes
1 PMP or knot passing pulley

(82)
Mono-pod ("Gin pole")
(HDA)

M a i n l i n e

Do not run belay line through
the same HDA tha t the ma in l ine

goes through. Run belay line at
ground (deck) level, or use a
separate HDA.
Pre tension upper guy ropes
wi th a mod ified t rucke rs h i t ch
o r s i m i l a r.

Mono-pod angle should
bisect the angle made by the
m a i n t i n e .

Place Mono-pod system in from
the edge so that the main line just
touches the ver t ica l wa l l .

It may be necessary to stake out or anchor the
bottom of the Mono-pod, depending on terrain.

Use a tether during assembly and disassembly to keep
HDA from falling over the edge

Tensioning the Guy line

Guy line

> > ^ ^ > ) ) > ) > > » ) ) >





E q u i p m e n t n e e d s ;

1 10ft (3m) Rescue ladder
2 5 ft (1.5m) webbing straps
1 12ft (3.5m) webbing strap
5 C a r a b i n e r s
2 Low stretch guy ropes
1 PMP or knot passing pulley
2 Steel stalies (if applicable)

(84) " L a d d e r G i n "
(HDA)

r A
Do not run belay line through
the same HDA that the main l ine

goes through. Run belay line at
ground (deck) level, or use a
separate HDA.

- Pre tension upper guy ropes
wi th a mod ified t rucke rs h i t ch
or similar (see below).

- Ladder angle should bisect the
angle made by the main line as
it runs through the pulley,

- Place ladder gin system in from
the edge so that the main line just
touches the ver t ica l wa l l .

■ It may be necessary to stake out or anchor the
bottom of the ladder, depending on terrain.

• Use a tether during assembly and disassembly to keep
HDA from falling over the edge

Tensioning the Guy line

Guy line
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E a u i D m e n t n e e d s ; (86)
2 10ft (3m) poles m a i n l i n e

2 8mm x 10m utility cord
2 5ft (1.5m) webbing straps
1 12ft (3.5m) webbing strap / /
9 Carab iners
2 Low stretch guy ropes
1 PMP or knot passing pulley

r A Bi- pod ("A" frame HDA)

Do not run belay line through the same HDA
that the mainline goes through. Run belay line at
ground (deck) level, or use a separate HDA.

Pre tension upper guy ropes with a modified
t ruckers h i t ch o r s im i la r.

Bi-pod angle should bisect the angle
made by the main line as it passes
through HDA pulley.
Place Bi-pod system in from the edge so that
the main line just touches the vertical wall.

Use a Tie back arrangement (see page 40) to con
nect the feet of the Bi-pod.

It may be necessary to stakeout or anchor the bottom of the
Bi-pod, depending on terrain.
Use a tether during assembly and disassembly to keep
HDA from falling over die edge

c l o v e h i t c hI itch

Wrap detail: Use a
"figure eight" wrapping
technique, crossing the
strands between poles.
U s e a m i n i m u m o f n i n e

figure eight wraps

swing open

) ) > > » > ) > ) > ) ) ) ) )





Equipment needs:
2 10ft (3m) poles
1 8mm X lOM utility cord
2 5ft (1.5m) webbing straps
1 12ft (3.5m) webbing strap
5 Carab iners
2 Low stretch guy ropes
1 PMP or knot passing pulley

(88)
L a t e r a l B i - P o d

(Side "A" Frame HDA)

r A
Do not run belay line through the same
HDA that the mainline goes through. Run
belay line at ground (deck) level, or use a
separate HDA.
Pre-tension guy ropes with a
mod ified t ruckers h i t ch o r s im i la r.

Bi-pod angle should bisect the angle
made by the GUY ROPES.

The direction of resultant force made by
the mainline as it passes through the pulley
should be within the legs of the A frame.

Use a Tie back arrangement (see page 40) to connect the feet of the Bi-pod.

It may be necessary to stakeout or anchor the bottom of the Bi-pod,
depending on terrain.
Use a tether during assembly and disassembly to keep
HDA from falling over the edge
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Equipment needs;
3 10ft (3m) poles
3 5ft (1.5m) webbing straps
1 12ft (3.Sm) webbing strap
4 Carab iners
1 Low stretch guy ropes
1 PMP or knot passing pulley

(90)

TVipod HDA

r A
Do not run belay line through the same
HDA that the mainline goes through. Run
belay line at ground (deck) level, or use
separate HDA.

Pre-tension leg ties by pulling legs
o u t w a r d

- The d i rec t i on o f r esu l t an t f o r ce made

by the mainline as it passes throught
the pulley should be within the legs of
the tripod.

Use a tether during assembly, disassembly AND
OPERATION to keep HDA from falling over
the edge

Wrap detail: Use a
"figure eighf wrapping
technique, crossing the
strands between poles.
U s e a m i n i m u m o f n i n e

figure eight wraps
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Equipment needs:
1 Large vehicle
2 12ft (3.5m) webbing straps
2 C a r a b i n e r s
1-2 PMP pulleys
2-4 Wheel chocks

(94)

Ve h i c l e d i r e c t i o n a l
a n c i i o r

A
Place vehicle in l ine with a
suitable anchor and beside the
rescue si te.

Set vehicle emergency brake and
remove keys from ignition.

Chock and /o r b l ock whee l s .

Check wheel for sharp spots
or flu id leaks. Protect web

bing as needed.
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(98)Pike and Pivot (Vertical Litter Transition)

1) With litter
rigged for tilt
Lift (see Page
127) bring
litter up until
l i t t e r ha rness

contacts edge
protection
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(104)

In line litter harnesses
for low, steep and high
angle systems

r A
Carabiners should open downward
and away f rom the ground.

Equipment needs:

1 L i t t e r

3 Locking carabiners
1 6M (20ft red) web strap

(or 3.5M yellow strap for O.P.S. litter)

When tieing main knot, attempt to make all
strands connecting litter equally loaded.

Make sure all carabiners are properly loaded
and wi l l not b ind or s ide load.

TIP; You can use an
extra carabiner as a "marlin
spike" to ensure that you
can untie the knot after the
operation

Use caution when using O.P.S. style litters
for technical rescue. Some styles and
models are inherently weak
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(112)

Internal lashing
For patients with spine or
pelvic injuries

E q u i p m e n t n e e d s :
1 spine board)
2 14 ft spine straps (1,000 lb buckle)
4 5ft (1.SM green Web straps)

' Do not place a harness on a patient with spine or pelvic injury. Instead,
incorporate spine board, litter and litter harness AS patient harness.

- Use "smart straps" ( 14 ft web straps with 1,000 lb buckles) to
immobilize patient to back board, as shown below.

- Tie all four comers of spine board to comers of litter as shown.

Thread Bowline end through litter hamess and terminate as shown.

External lashing or litter straps must be used to hold spine board down
in litter.
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(118)
External lashing
For litters with built in restraint systems

External lashing is intended to retain patient padding, and to keep patient

i|\ from thrashing about. It is NOT intended as primary fall protection for
^ 1 \ ̂  the patient. Always use a harness attached directly to the rope system. AddX I \ internal lashing( see pages 108-114).

Top straps should always be crossed in
an "X" to protect patient from possible
choking

If Oxygen is trans
ported with patient,
i t must be stowed in
a padded case that
encases regulator. It
also needs sUx)ng loops
that external lashing
can thread through in
multiple places.
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Equipment needs:
1 L i t t e r
4 C a r a b i n e r s

3 L i t te r harness, or
1 X 20 ft (6 M) web strap

(see pages 104-105for details)

(120)

Webbing looped around litter rail, and
ca r r i ed ove r shou lde r

r A
- All carabiners should have gates

ground.
-The angles between the legs

of the l i t ter harness should not

e x c e e d ^
- Long tail bowline of the

belay line should be attached to
patient in steeper terrain.(It may
be omitted in very low angle,
simple terrain).

- In heavily forested terrain, or

long cany outs, the long tail
of the bowline can be replaced
with a length of webbing, so that
the litter can be quickly discon
nected from the rope.

- The a t tendan ts shou ld no t be

attached to the litter or the

sys tem.

- There should be l i t t le or no ten

sion on the belay line.

- I f t h e r e i s r i s k o f s e r i o u s

injury or death to any of the
rescuers should they slip
or fall, change to a two rope
(steep angle system).

Proper litter position
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(122)
E q u i p m e n t n e e d s :

1 L i t t e r
4 Carab iners
1 Litter harness, or

1 X 20 ft (6 M) web strap
(seepages 104-105for details)

3 Sets Purcell Pnisiks

r A
- AH carabiners should have gales

ground.

—The angles between the legs
of the l i t ter harness should not

exceed 201
- Long tail bowline of the

belay line should be attached
to one side attendant and rear
a t t e n d a n t .

- Long tail bowline of the main
line should be attached to one
side attendant and the patient.

- The weight of the attendants
must hang from the Purcell
Prusik, NOT the belay lines.

- Tails of interlocked long tail
bow l i nes shou ld be 4 .5m-6m
(15-20ft) each.

) ) ) > ) I ) ) ) ) ) ) ) > !





E q u i p m e n t n e e d s :

1 L i t t e r
6 C a r a b i n e r s
1 L i t t e r h a r n e s s
1 Set Purcell Prusiks

' All carabiners should have gates

opening down.

■ Carabiners attaching litter har

ness to litter should open toward
l i t t e r A N D d o w n .

■ The angles between the legs
of the l i t ter harness should not
exceed 20!.

. The apex of the litter harness
should be centered over the

patient's navel.

' Long tail bowline of the belay
line should be attached to the

a t t e n d a n t .

' Long tail bowline of the main
line should be attached to the

patient.

The weight of the attendant
must hang from the Purcell
Pnisik, NOT the belay line.

) ) t I t ) ) ) > ) ) ) ) ) I





1 L i t t e r

7 C a r a b i n e r s
1 15 ft (5.5M blue) web strap
2 Mini double PMP pulleys*
1 32 ft (lOM) X 8mm utility*

c o r d
1 Purcell Prusik loop,

or small 6mm Prusik loop
♦Aztek Style kit may be substiiuted

(126)

r A
-Long leg Purcell Prusik

- All carabiners should have gates opening down. Carabiners
attaching litter harness to litter should open toward litter A^
d o w n .

- Long tail bowline of the belay line should be attached to
attendant. Long tail bowline of the main line should be
attached to patient.

- The weight of the attendant must hang from the Purcell
prusik, NOT the belay line.

Harness detail- See page
106 for complete detail

- When loading a patient who is hanging from a LONG
rope, it may ̂  necessary to rig a raising system to
compensate for rope stretch.
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(130)

^ (A) Rappels to subject and connects subject to
J Main and Belay.

(B) Operates belay

^ (B) Sets belay, pulls up on Mainline pulley
2 system

(A) Disconnects subject from subjects system.

3(B) Operates Belay(A) Rappels to ground.

Only raise mainline just
enough to slack subjects line.

X I \ D o n o t r a i s e m a i n l i n e m o r e
than IM without resetting
the belay.

^ I ) ) ) > »









(134)

'-'tter lower with tag line in a
Petro chemical plant

- A

Tag Line

Center the apex of tag line triangle roughly at
pat ients navel
Anchor comers of tag line triangle to litter
rail with a clove hitch (can be on a separate
c a r a b i n e r ) .

^se unassisted human power only to pull tag line.
^ull tag line only enough for litter to just
tx r̂ely clear obstacles.
Maximum practical length of a tag line is 30m (100ft)

1 L i t te r and harness

1 8mm accessory rope





Guiding Line

- A
(136)

To high ̂
strength tie off I

• Use ihe guiding line to deflect the litter slightly
off the fall line side to side, or forward and back.

• Anchor top of guiding line with a high strength
tie off .

• Adjust a loaded guiding line with a pulley system.
Do not exceed a factor of 12 when tensioning (4
pullers on a 3:1, 2 pullers on a 6:1, 3 pullers on
a 4:1 etc).

• Pull guiding line only enough for litter to

"just barely" clear obstacles. If guiding line
were to fail, the litter should have minimal
swing and/or impact.

■ I If there is a significant
" chance of injury to the pa

tient (or rescuer) should the
guiding line fail, than the
system is being run outside
its safe operational limits,
and shou ld be d iscont inued.

Pick another system!
E q u i p m e n t n e e d s :

1 11 .1mm low s t re tch

r o p e
3 PMP pulleys
2 P rus i ks
1 12ft (3.5M) webbing

s t r a p
5 C a r a b i n e r s
upper and lower anchor
(see anchor sec.)

) ) ^ I





Eauipment needs: (138)

1 Litter or full body
harness

Carriage pulley
1

4 C a r a b i n e r s
1 5 ft (1.SM) web strap ^ r a c k l i n e * Tr a c k l i n e .

2 8mm System Prusiks
1 PMP or Kootenay

Carriage pulley

Tag line ~ Oi^ Tag line

\

Option A (single rescuer) Triple wrap
8 m m P r u s i k

Option B (Litter)
Carriage pulley

" T r a c k l i n e

— All carabiners should have gates opening down. Carabiners attaching litter har
ness to litter should open toward litter AND down
The angles between the legs of the litter harness should not exceed 90°.

Rig the head end of the litter slightly higher that die foot end.
— There should be a small amount of slack between where the Prusik grabs the tag line and

where the tag line attaches to the carriage pulley.
The maximum practical length of a Kootenay highline in the field is 1(X) meters. Longer
highlines are possible, but require pre-engineering and precise measurements.
WARNING! The Kootenay highline system and its component parts are advanced skills.
Pay close attention to the skills listed in the Deflection section. If unfamiliar with any of
them, seek competent instruction. Improper use of these skill could cause system failure!
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E q u i p m e n t n e e d s :

1 L i t t e r
1 4 C a r a b i n e r s
2 12 ft (3.5M) web straps
2 8min System Prusiks
2 PMP or Kootenay Carriage

pulleys

Carriage pulleys

Track line

Triple wrap
8 m m P n i s i k

All carabiners should have gates opening down. Carabiners attaching litter har
ness to litter should c

• Carabiners that attach to litter must be captured so that they cannot slide along the
rail. If necessary, use two carabiners bridging a stanchion, as shown below.

• Rig the head end of the litter slightly higher that the foot end.

* There should be a small amount of slack between where the Prusik grabs the tag line and
where the tag line attaches to the opposite carriage pulley.

• The maximum practical length of a Kootenay highline in the field is 100 meters. Longer
highlines are possible, but require pre-engineering and precise measurements.

' WARNING! The Kootenay highline system and its component parts are advanced skills.
Pay close attention to the skills listed in the traversing section. If unfamiliar with any of
them» seek competent instruction. Improper use of these skill could cause system failure!
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RESCUE/ (For an over view of a complete
PATIENT PACKAGE rescue system, see page 19)

F O R K O O T E N AY
H I G H L I N E

Use track pulleys with a large tread
Dual Carriage rigging diameter. PMPs shown here have 2'

tread, 4" Kootenay Carriages are better.

Deflect ion Systems



C O N T R O L S I D E A N C H O R S I D E

Ancho r s i de f o r Koo -
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(143)

Deflect ion Systems





D R O O P I N G
K O O T E N AY H I G H L I N E

Do not let track line or tag lines touch edges. Always use proper edge protection.

When raising, hoist on both track and tag lines

For tensioning rules see pages 148-149

A
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Rescue attendant must mind both Prusiks during Reeve
operations. Attendant must release Prusiks if there is a
Reeve l ine fa i lu re .

E N G L I S H R E E V E
( 1 4 7 ) K O O T E N A Y H I G H L I N E

Deflect ion Systems
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r-A Tensioning of the Kootenay Highline System
Use ONE PULLER ONLY to tension the track line in preparation for loading. Use only
a 2:1 pulley system to tension the unweighted track line. Failure to follow this rule could
overstress the track line when weight is hung from it and cause system failure!

After the mass is hanging from the track line, additional pullers may be used to help
tension the line and lift the litter over edge obstructions etc:

• 11 mm rope: You may use up to a multipule of 12 (i.e. 2 rescuers pulling on a 6:1 system,
or 3 rescuers on a 4:1 system)
•!2mmrope: You may use up to a multipule of 18 (i.e. 3 rescuers pulling on a 6:1 system)

The tension should be backed off again when the obstruction is passed. Again, ONLY use
extra pullers when the load is already hanging from the highline.

— The above rules also apply to twin and quad track highlines.

The maximum practical length of a Kootenay highline in the field is 100 meters. Longer
highlines are possible, but require extensive pre-engineering and precise measurements.

r-A Tips for the Kootenay Highline System
—— A messenger cord twice the length of highline span with a floating center tie should be left in

place after highline is placed, to aid in de-rigging, and to reset the highline in the event of track
l ine f a i l u re .

If the track line fails, the rescue package will drop about 1/5 the length of span before being ar
rested by the Tag lines. Rig accordingly.

— For longer highlines, the weight of the lag lines can be suspended on the track line by using
'Tagltne Hangers'*. These can be made with short cords girth hitched to tag line and attached to
the Track line with non locking carabiniers.

— A good mle of thumb for highlines is that if the high directional anchor for the track line is 2M
back from the edge, it must be greater than 2M high for the rescue package to clear the edge.
When operating a highline, the side letting out the rescue package must begin BEFORE the op
posite side begins pulling in.

— If the Track line cannot be sufficiently slacked to land the rescue package, a Prusik attached to
the track line can be pulled on with a jigger pulley system. This pulls down the track line and
lands the package.

A Track line jigger can be applied to temporarily deflect a highline sideways to clear obstruc
tions , such as a (all tree.

— It is highly recommended that a team receives proper instruction from an experienced Kootenay
highline rigging instructor before attempting a Kootenay highline in the field.

( 1 4 9 ) K O O T E N AY H I G H L I N E
Deflect ion Systems
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M o u n t a i n
R e s c u e

Improvised rescue in the Andes

Mountain rescue is designated in this guide as technical rescue that takes place more
than three hours from motorized ground transport. Additionally, patient access requires
specialized climbing or skiing skills.

WARNING! Mountain rescue requires very specialized training in addition to technical
rope work, including, but not limited to; avalanche forecasting, snow pack analysis,
winter survival skills, technical rock protection and glacier travel. If unfamiliar with
any of these skills, seek professional training.

(151)



(152)

Improvised Release Hitches (using the rope end)

M o d i fi e d P a r k s C a n a d a
H i t c h

A
■ Tie off with a Half hitch and

Overhand bight

Use with 11 and 12inm rope

Can be used for Main and Belay
packages

Release Hitch using a
S C A R A B ® d e s c e n d e r

A
■ Use with 11 and 12mm rope

• Tie off SCARAB® in "hard lock'^ configuration

(see page 61 for instructions)

• Can be used for Main and Belay

packages
' Do not substitute an open "U" frame brake

rack in this configuration for a belay. If
shock loaded, an open "U" frame rack can
catastrophically fail.

> I t » > ) ) > > > ) » ) > >



^ ^ / / J / F r /

A r t i fi c i a l R o c k A n c h o r s

Distributive anchor should incorporate at least two "nodes". The goal is that each node should
have a theoretical strength of 20kN. Focus and distribute nodes as per standard anchors.
Use the rated breaking strength of your rock protection to figure node strength. Build
nodes with multiple pieces to achieve 20kN nodes.

— Nodes most in line with the direction of pull tend to take the most strain. Rig accordingly.

A

A n c h o r N o d e ;
Use multiple pieces (pitons,
passive chocks, and/or cam

units). Add together with
d i s t r i b u t i v e a t t a c h m e n t t o
create a node with at least

20kN strength. Add multiple
nodes together to form a

rescue anchor.

D i s t r i b u t i v e A n c h o r

(153)

M t n R e s c u e



Mid- Face Transitioning

1) 3)

5:

^Patient package I

1) Rescuers place Main and Belay
packages at mid station, ready to
receive patient package

2) Belay package Prusiks are at
tached to tens ioned main l ine .

3) Non tensioned Belay line is
threaded through SCARAB®



4) Patient package is lowered until
it is hanging from the mid-face
main line package. The original
belay line is now the main line,
and the original belay is now the
main. Lowering can continue
another rope length.

5) During the mid-face lower,
the excess ropes can be managed
from above with a pilot cord.
This guards against tangles at the
m i d - s t a t i o n .

P i lo t co rd de ta i l
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(162)

A thorough knowledge of the snow pack at the elevation, direction and aspect of your
anchor placement is essential. When in doubt, dig a pit and look. Consistent firm snow
is best, inconsistent soft layers and/or ice layers should be suspect.

Never trust a single snow anchor. Multiple distributive anchors are better.

Snow anchors can change with time. Be suspect of any anchor that has been in the sun,
had force applied to it over a period of time, or has been in place during a wanning
t rend .

Try to keep the overall force applied to a snow anchor as minimal as possible (keep
your system light!).

Do not use pulley systems or techniques that allow rescuers to pull directly against
a snow anchor (i.e. counterbalance rescue). Choose instead techniques that help to
min imize the force on the snow anchor.

) } ) ) ) ) ) ) ) ) ) ) ) }
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r A
Use as a high directional on a snow slope edge.
Use for lower or raise.

Cant skis slightly back towards the pre tension
back tie.

Pad ski edges with rope guard or ski skins.
Shovel helps keep webbing from sliding down skis.

F.qnipmpnt nppHsr
Pair of skis
T slot anchor
Shove l
Anchor webbing
T i e b a c k

Meg-A-pod alpine high
d i r e c t i o n a l
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1 Attach contracted Purcell Pruslk to package

as it passes

Steep Snow
M i d F a c e T r a n s i t i o n

(improvised)

2 Let Main line go siack.
T h r e a d m a i n l i n e

through lowering device.

3 Bump/slide Prusil< Hitch until load is hanging from
lowering device. Unclip Prusik and continue lowering to
n e x t a n c h o r s t a t i o n .

) ) > > > ) ) > ) > > > > ) )



) ) > ) ) ) ) ) ) ) ) ) ) )

A
■ I Caution, this is an improvised emergency technique. Use in

I environmental conditions when speed is more critical than
^ redundancy (such as extreme cold or extreme altitude)

■ Use for multi pitch steep snow lowering where conse

quences of anchor failure would not be fatal.

" Technique shown is for single body weight only. If lowering
two person loads on a slope angle greater than about 30°,
switch from the sport belay device shown to a device that
can handle multi person loads (such as a SCARAB®)

■ When necessary and practical, add a separate belay system

steep Snow
M i d F a c e T r a n s i t i o n

(improvised)

(171)
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c i n n e
Mass (kg) 12min ropeonJy

Angle 200 kg
(2 people)

300 kg
(3 people)

400 kg
(4 people)

500 kg
(5 people)

1 0 ° .34 .51 . 6 8 . 8 5

2 0 ° . 6 7 1 .01 1 . 3 4 1 . 6 8

3 0 ° .98 1 . 4 7 1 . 9 6 2 . 4 5

40° 1 . 2 6 1 . 8 9 2 . 5 2 3 . 1 5

5 0 ° 1 . 5 0 2 . 2 5 3 . 0 0 3 . 7 6

6 0 ° 1 . 7 0 2 . 5 5 3 . 4 4 4 . 2 5

70° 1 . 8 4 2 . 7 6 3 . 6 9 4 .61

8 0 ° 1 . 9 3 2 . 9 0 3 . 8 6 4 . 8 3

9 0 ° 1 . 9 6 2 . 9 4 3 .92 4.90







) ) ) ) ) ) ) ) > ) ) ) ) )
T method for calculating mechanical advantage

T = 1

T = 1

A
■ Assign one unit of

tension to the end of
the rope

• Follow the flow of rope
around pulleys until
it hits a junction point
where multiple units of
tension collide (like at
a traveling Prusik)

• Add the colliding units
of tension at the junc
tion point. The result is
a new un i t o f tens ion

beyond the junction.
■ Continue doing this

unti l the load is reached

• The ratio of the f inal

theoret ica l tens ion at
the load to the begin
ning tension is the M/A.

• NOTE; The T method
is for calculating
t h e o r e t i c a l m e c h a n i c a l

advantage. It does not
calculate the actual ten
sion in the rope, which
will be less than or

equal to the force
caused by the load.

(179)
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Setting up a helicopter landing zone

Proper dimensions
of an on scene L .Z .

Small helicopter
(i.e. Llama)

60ftsides(100at
night)

Medium helicopter
(i.e. Huey)

75 ft. sides (125 at night)

r A
Large helicopter

(i.e. Chinook)
120 ft. sides 200 at night)

Landing sight should be clear of people, vehicles and obstructions.

Area should be clear of wires. They cannot be seen from the air.

Area should t>e level and clear of brush, posts, rocks, and loose debris.

In dusty conditions, wet area down with fire hose, if possible.

Pick a spot that has a clear path up wind and down wind of the L.Z. (Helicopters take
off and land into the wind).

(185)
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W i n d d i r e c t i o n

If possible, mark comers of L.Z. with
four lights or road flares (flares are an
ignition source and could roll away
under prop wash; use with caution).
Chemical light sticks work very well.
A fifth light or smoke canisters should
be used as a wind direct ion indicator.

In back country snow conditions,
raspberry Jello powder mixed with
water makes an excellent dye for
marking an L.Z.

Keep area clear
when Helicopter
has just landed or
is ready to depart

Ex t reme Danger
Neve r App roach !

• I NEVER approach a helicopter from the rear! Extreme injury or death could result.

• Approach from the front/side only, and only when the pilot sees you and indicates
that you can approach.
If working with an H-60 (Blackhawk / Pavehawk / Seahawk) approach only from
the SIDE, and only when crew chief directs you.

' Keep head and equipment low, as wind could force rotors downward.
' Remove all sharp objects from outside of packs or bags (i.e. crampons & ice axes) before enter

ing the aircraft.

Obey all pilot and crew chief instructions.



) ) ) ) ) ) ) ) ) ) ) ) )

r A
On a slope, always approach and depart a helicopter on the down hill side, never on
the up hill side.

If a helicopter is raising or lowering anything by a line, always let the line contact the
ground first, before touching it.

H E L I C O P T E R L Z H A N D S I G N A L S

r T! * T
W i n d M o v e B a c k L Z U n s a f e G o D o w n Go Up

"f I T T
M o v e F o n i v a r d N i g h t O p M o v e R i g h t M o v e L e f t S h u t D o w n

( 1 8 7 )
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Instruction and Gear

There are some fine rescue schools located around N. America that are versed
in the techniques shown in this guide. Call or click Conterra for recommenda
tions on a schools or programs that will best meet your needs.

If you are interested in some of the unique gear shown in this guide, such as
the SCARAB®, Fix Litter harness, Edgebot, Smart straps or Slider rope guard,
contact your local Conterra dealer, or contact Conterra directly.
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