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Musculoskeletal First Aid Contents

The bulk of wilderness first aid is in Chapter 1: Survival and Wilderness 
Travel. However, bits of musculoskeletal wilderness first aid seem to 
fit well in a chapter on litter evacuations. This content deals both with 
trauma patients and with procedures that are likely to injury SAR team 
members. You will find the sidebars on musculoskeletal first aid where 
they seem to fit best; for example, back injuries right as we’re discuss-
ing how to lift and carry a litter, and finger amputations where we talk 
about doing a tree belay without ever getting your fingers between 
the rope and the tree. Here are links to the sidebars that cover these 
topics:
 · Back Injuries on page 13
 · Ankle Injuries: Ottawa Criteria on page 20
 · Musculoskeletal First Aid on page 27
 · Treating Ankle Injuries on page 55

 · Sprains, Strains and Bruises on page 38
 · Splinting on page 38
 · Milk-Jug Splints on page 65
 · Dislocations on page 44
 · Splinting with “Fiberglass” on page 44
 · Realigning Fractures and Spines on page 64
 · Improvised Splints on page 65
 · Pelvic Fractures on page 66
 · Finger Amputations on page 159
 · Crush Syndrome versus Compartment Syndrome on page 163
 · Suspension Syndrome (Harness Hang) on page 183

M u s c u l o s k e l e t a l  F i r s t  A i d  ( c o n t i n u e d  n e x t  p a g e )

 ▸ Back injuries from lifting:
 ▸ Mostly muscle strains
 ▸ Compression fractures or herniated discs can press on 
spinal nerves, or in rare cases, the spinal cord

 ▸ “Red flags” with a back injury (from lifting or trauma): 
 ▸ Numbness, tingling, pain or most seriously weakness in 
legs
 ▸ Numbness in crotch

 ▸ Problems controlling peeing or pooping
 ▸ When recovering from minor back injury:
 ▸ Medications cover up pain, don’t make you better 
faster
 ▸ Complete rest bad, but don’t do heavy lifting that might 
reinjure back 
 ▸ Yoga or vigorous stretching, done properly, make you 
better faster

I m p o r t a n t  P o i n t s

 

W h a t  t h i s  C h a p t e r  D o e s  a n d  D o e s n ’ t  C o v e r

This chapter covers everything you need to know for the Rescue por-
tions of all the ASRC Field Levels, plus some. Specifically:
 · How to package a patient in a litter.
 · How to pick up, carry and put down a litter safely.
 · How to rotate litter bears without stopping the litter.
 · How to ladder the litter over obstacles like a downed tree in the trail.
 · How to toenail the litter up or down short, steep slopes.
 · How to select anchors and belay a climber.
 · How to bottom-belay someone rappelling.
 · How to do a semi-tech evac that requires a rope on the litter for the 

litter’s safety, going up, with tree-belays or a mechanical belay. 
 · How to do a semi-tech evac that requires a rope on the litter for the 

litter’s safety, going down, with tree-belays or a mechanical lowering 
device.

 · How to do a steep semi-tech evac that requires a rope on the litter 
for the litter’s safety, and litter bearers need to be clipped into the 
litter for their safety, going up, with a haul system. 

 · How to do a steep semi-tech evac that requires a rope on the litter 
for the litter’s safety, and litter bearers need to be clipped into the 
litter for their safety, going down, with a tree wrap or mechanical 
lowering device.

 · How to rig a static line, rappel, and ascend the line.
 · How to do improvised evacuations using various techniques.
 · How to think about the best evacuation technique, route, and 

urgency.
 · How to tie knots and handle rope and other technical gear used for 

all of the above. 

Since wilderness first aid has been folded into the ASRC Standards, 
the chapter also covers:
 · Assessing and treating musculoskeletal injuries in general.
 · Assessing twisted ankles for whether the person needs to be evacu-

ated or not, the use of taping and braces for ankle injuries.
 · Broken arms and legs and splinting them.
 · Assessing and dealing with possible spinal injuries.
 · Dealing with finger amputations.
 · Suspension (Harness Hang) Syndrome.

This chapter does not cover:
 · How to rock climb.
 · How to pluck off someone stuck in the middle of a static line or 

stuck on a vertical cliff (“pickoff”).
 · How to put someone in a litter on a vertical cliff (“third man” 

techniques).
 · How to move a litter up or down a cliff, or pit in a cave, or most 

importantly, how to get it over the edge at the top.

While this chapter doesn’t cover any of the above, many of the skills 
covered in the chapter are essential for those managing the belays, 
hauling systems and lowering systems used for vertical rescue. The 
chapter also covers the skills you need to be a mock victim tied off 
after rappelling halfway down a cliff, based on extensive (and some-
times painful) personal experience.
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M u s c u l o s k e l e t a l  F i r s t  A i d  ( c o n t i n u e d  f r o m  p r e v i o u s  p a g e )

 ▸ For twisted ankle, can use Ottawa Criteria to deter-
mine if don’t need to evacuate urgently or transport to 
hospital 
 ▸ Strains: partially torn muscles, or tendons which attach 
muscle to bone
 ▸ Sprains: partially torn ligaments which join bone to bone 
 ▸ Bruises: diffuse bleeding under the skin from blunt 
trauma
 ▸ Over-the-counter pain medications:
 ▸ Help cover up pain unless there a reason, such as 
allergy or certain medical problems, not take them.
 ▸ Naproxen (generic Aleve) + acetaminophen (generic 
Tylenol) good combination for acute pain
 ▸ Non-steroidal anti-inflammatory drugs such naproxen 
and ibuprofen (generic Motrin, Advil, Nuprin) interfere 
with healing, so for ongoing pain, acetaminophen 
(generic Tylenol) better choice

 ▸ PRICE treatment for musculoskeletal injuries:
 ▸ Protection: Taping ankle or using Airstirrup ankle brace 
will protect ankle sprain
 ▸ Rest: Rest right away helps control pain, but ongoing 
rest delays healing
 ▸ Ice: Ice or snow helps control pain for first few hours; 
after that delays healing
 ▸ Compression: elastic bandage decreases swelling and 
pain
 ▸ Elevation: decreases swelling and pain

 ▸ Before splinting:
 ▸ Clean/dress wounds
 ▸ Remove rings from injured limbs with soap or flat 
bootlace
 ▸ Realign fractures if possible
 ▸ Check blood vessels and nerves (capillary refill, pulses, 
sensation and movement) before and after splinting

 ▸ When splinting:
 ▸ For a joint, splint long bone above and below
 ▸ For a long bone, splint joint above and joint below
 ▸ Make splints comfortable with shaping and padding: 
slight wrinkle in padding can cause infected skin ulcer

 ▸ Hip: splint with well-padded litter
 ▸ Shoulder/upper arm: duct tape and/or bits of clothing 
with big safety pins or blanket pins
 ▸ Ribs:
 ▸ Already splinted by the other ribs
 ▸ No tape or rib belt unless patient self-evacuating, and 
only during evac
 ▸ Must hold rib and take deep breaths and cough to 
prevent pneumonia 

 ▸ Good improvised splints:

 ▸ Many small reeds/twigs + duct tape
 ▸ Foam pad from pack, sit pad or sleeping pad

 ▸ Can make ultralight splints for first aid kit plastic cut out 
of milk/water jugs or windshield washer fluid bottles
 ▸ “Fiberglass” splints provide best splinting, custom-
fitted to injury; may s assist with self-evacuation
 ▸ Reducing dislocations: 
 ▸ Beyond scope of basic wilderness first aid
 ▸ Reducing some dislocations standard skill for WFR
 ▸ Can get someone who can attempt to reduce to 
patient 
 ▸ Can “splint it as it lies” and evacuate

 ▸ Potential open-book pelvic fracture: 
 ▸ Can cause life-threatening internal bleeding
 ▸ Gently fold pelvis together
 ▸ Place commercial or improvised pelvic binder around 
lower hips 
 ▸ Vacuum mattress and duct tape works as pelvic binder

 ▸ Finger amputations: 
 ▸ Control bleeding with pressure
 ▸ Irrigate then dress with bacitracin ointment and 
bandage
 ▸ Tincture of benzoin will help tape stick to finger
 ▸ Save amputated parts; keep cool but don’t allow to 
freeze
 ▸ Discuss hospital destination with physician
 ▸ If can give an antibiotic, do so ASAP

 ▸ Crush Syndrome: 
 ▸ Limb entrapped under something heavy, not get-
ting any blood, full of waste products and contents 
of damaged cells: potassium, lactic acid, myoglobin, 
hemoglobin
 ▸ When release limb from entrapment, potassium + 
lactic acid back to heart can cause immediate death: 
Reperfusion Syndrome
 ▸ Myoglobin and hemoglobin can cause kidney failure
 ▸ Rehydration key to preventing sudden death and kid-
ney failure; rehydrate prior to releasing limb

 ▸ Compartment Syndrome: 
 ▸ Muscular compartment swells, shutting off blood flow; 
muscle dies
 ▸ Suspect compartment syndrome if muscular compart-
ment is tense, tender, exquisitely painful
 ▸ Get to trauma center ASAP

 ▸ Suspension Syndrome: 
 ▸ When sitting on-rope in harness for long time
 ▸ Blood pools in legs, causing some people to faint 
 ▸ Lack of blood to brain can cause seizures or death
 ▸ Treatment: lower head and elevate legs ASAP

I m p o r t a n t  P o i n t s
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 Prologue          

6

Location of Semi-Tech Evac Described in Text, South of Shenandoah National Park 
Public domain, U.S. Geological Service

Prologue 

Once upon a time, back about 1979, there was a 
search for an overdalcrawfordue hunter in the Blue 
Ridge mountains south of Shenandoah National Park. 
It was a medium-size search, less than a hundred 
people, including local fire and rescue personnel and 
local hunters. The effort was led by the Appalachian 
Search and Rescue Conference (ASRC), and most of 
the ASRC members there were from the ASRC’s Blue 
Ridge Mountain Rescue Group (BRMRG) in nearby 
Charlottesville, Virginia. 

Now BRMRG was (and is) based at the University of 
Virginia, and there is a certain ethos that abounds in 
collegiate SAR teams. In this particular case, it had led 
to semi-tech evac races – rival teams seeing how quickly 
they can move the litter up or down a mountainside, 
with a belay or lowering rope.

We found the hunter deceased, on the eastern slopes 
of Bear Den Mountain, not far from the Appalachian 
Trail at Beagle Gap. He was not far from an old woods 
road, in a relatively flat area, but right near where the 
mountainside suddenly steepened to the east.

After permission from the coroner to bring the 
body to the roadhead, discussion turned to the best 
way to evacuate the body. Since there was no hurry, we 
decided to do it as a training exercise. Round about this 
time, some of the other search teams were congregat-
ing at the find site, so we had plenty of personnel, and 
more importantly, plenty of trained and well-practiced 
personnel. We considered going up Bear Den Mountain 
(really more of a sloping hill) up to Skyline Drive. But 
we thought some more. We looked at the steeper but 
mostly open slope downhill to the southeast from 
us. We looked at the map and saw the jeep trail in 
Greenwood Hollow right at the bottom. We realized the 
longer downhill route would be both faster and easier. 
We decided to use our 200’ rope, and do a semi-tech 
evac multiple pitches down to the road. We called the 
Western Albemarle Rescue Squad (it helped that some 
BRMRG members also ran with WARS) and they 
detailed an ambulance to await us at the bottom. 

We loaded the subject’s body in a body bag, and then 
tied it into the litter.

We assigned a team of three people to be the rotating 
belay team: Belayer, Uphill Ropehandler, and 
Downhill Ropehandler. There was no urgency. 
But, we were going to do this as race against time, 
both for fun and to test ourselves. So we picked those 
who’d done the best jobs during the BRMRG semi-tech 

evac races. (Getting a belay set up quickly and cleared 
quickly takes plenty of practice.)

We discussed using Figure 8 descenders as lowering 
devices – we had the Figure 8s and slings with the litter 
– but finally decided to go with tree belays, where the 
rope is simply wrapped around a tree. Tree belays are a 
bit harder to set up, work, and clear, at least if you want 
enough friction to handle a body, a litter, and four litter 
bearers going down a steep slope. But our rope team 
was well- and recently-practiced, and thought that the 
tree belays would be adequate even for this fairly-steep 
descent. And, they would be faster to set up and clear, at 
least for our experienced rope team. 

We tied the 200’ BlueWater II static belay rope into 
the head of the litter with a bowline, with the bowline 
loop twisted around the top litter rail for extra security. 
(We were using a metal Stokes basket litter, but remem-
ber, this was in the days before plastic Ferno and Junkin 
litters.) We then ran the rope uphill from the litter past 
the tree the Belayer had selected for the first belay. We 
took the remainder of the rope and stacked (randomly 
piled) the rope a few feet above the tree, after removing 
any downed twigs that might snag on it.

The mountainside was fairly steep, so we thought 
we’d be OK with a team of just four litter bearers. We 
didn’t think there were any cliffs along the way, but 
we expected some very steep sections hiding between 
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Prologue           

those contour lines, so we had our 
litter bearers put on seat harnesses 
and once we were ready to go, they 
would clip into the litter rail with 
short slings. 

We were about ready to head 
down the mountainside in good 
order. But then there was a 
complication. 

As usually happens, some of the 
Field Teams that had been out on 
search tasks started showing up at 
the find scene. This always seems 
to occur. Some sort of magnetic 
effect, perhaps. Mostly it’s a good 

thing as you may need extra people at 
the scene, but sometimes it gets a bit 
crowded. In this case, it was crowded; 
there were maybe 20-30 people there, 
including a bunch of local hunters 
who had served as untrained volun-

teers with some of the Field Teams. 
One of the hunters, a young 

man with a big Bowie knife on 
his belt, apparently decided that 
he needed to chop down a small 
(2-3” diameter) tree with his Bowie 
knife. To make a fire. I’m not sure 
why we needed a fire, or why he 
thought chopping down a green 
tree would contribute to building 
a fire. Sometimes it’s better not to 
ask. 

Anyway, as he was trying to 
chop down this innocent little 
tree with a Bowie knife, the knife 
somehow slipped and stabbed his 
right lower leg down to the bone 
(as we found out later, severing 
his popliteal artery, the major and 
pretty much sole artery to the calf 
and foot). 

He was both lucky and unlucky 
that seven EMTs were standing 
just a few feet away. Lucky, in that 
he didn’t lose more than a few 
drops of blood. Unlucky, because 
it looked like a rugby scrum with 
all seven jumping on top of him at 
once. 

In a matter of a minute or less, 
the wound was wrapped with a 
pressure bandage that controlled 

the bleeding. (It was a transverse laceration of the artery, 
which tends to retract and stop bleeding, otherwise the 
bleeding would have been much harder to control.)

There really wasn’t any discussion about what to do. 
We quickly took the hunter’s body out of the Stokes, and 
packaged our live patient in the litter.

The Belayer stepped in front of the rope, faced away 
from it, squatted, and reached back so that both her 
hands grabbed the rope. She then lifted up the rope, so 
it was running behind her waist. She then quickly and 
nimbly backed around the top of the tree and then one 
more time around the tree, dragging both ends of the 
rope with her. “Belay on!” she shouted. 

The Downhill Ropehandler started trotting 
down the hill ahead of the litter, picking a route for the 
litter. 

“Ready!” shouted the Litter Captain (front left 
litter bearer). “Lift!” Turning to the Belayer, he 
shouted “On Belay! Down Slow!” (with an echo-
ing “Down Slow!” from the Belayer) and then after 
a couple of seconds, “Down Fast!” and again the 
Belayer echoed “Down Fast!” She was in standard 
belay stance, using the friction of the rope around 
the tree to lower the litter, patient, and litter bearers 
smoothly at the indicated speed.

The Uphill Ropehandler grabbed hold of the 
tense rope uphill of the litter, to help lift and guide the 
litter a bit, but mostly to help keep himself stable as he 
walked quite rapidly down the steep mountainside with 
the litter. He kept a close watch on the rope both above 
and below his position, to make sure it didn’t get caught 
and bent around a tree or rock. (If the rope were bent 
around a rock and then slipped off, it could cause the lit-
ter to suddenly plunge several feet, resulting in a shock 
load.)

The litter moved down the mountainside at a fast 
walking pace, most of the weight on the rope and thus 
making it easy for the litter bearers. It went about a 
hundred and seventy feet. 

From far above, the Belayer shouted “Two-Oh!” 
and the Litter Captain echoed “Two-Oh!”1

The Downhill Ropehandler pointed to a big, 
solid-looking tree with a somewhat level, clear area just 
below it. He quietly told the Litter Captain “right 
below this tree!” The litter bearers brought the litter 
down past the indicated tree and set it down securely. As 
soon as it was down and secure, the Litter Captain 
shouted “Stop! Off Belay!”

The Belayer echoed “Stop! Belay Off!” She 
dropped the rope, and stepped out of the loop in which 
she’d been standing. She picked up the rope loop, and 
carefully but rapidly unwrapped it from around tree. As 

1 Translation: “About twenty feet of rope left.”

Members of the ASRC’s Blue Ridge 
Mountain Rescue Group at  

Humpback Rocks, just south 
of Beagle Gap, circa 1980

 

Random House 
Webster’s 
Unabridged 
Dictionary
e∙vac∙u∙a∙tion 
(i vak′ yōō āʺshən), 
n.

1. the act or process 

of evacuating, or the 

condition of being 

evacuated; discharge 

or expulsion, as of 

contents.

2. Physiol. discharge, 

as of waste matter 

through the excretory 

passages, esp. from 

the bowels.

3. something evacu-

ated or discharged.

4. the removal of per-

sons or things from an 

endangered area.

5. clearance by 

removal of troops, 

equipment, etc.

6. the withdrawal or 

removal of troops, 

civilians, etc.

[1350–1400; ME]
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C o m m o n  S e m i - Te c h  C a l l  S e q u e n c e s

Calls between the litter captain and litter team thus: Ready! [pause] Lift!  

Calls between the litter captain and belayer thus: On Belay!

Nontechnical calls from the litter captain to the litter team covered in a few pages. 

Rope team calls and rotations explained in Rope Team Rotation: Uphill (FTL) on page 82 and Rope Team Rotation: Downhill (FTL) on 
page 94. 

Haul team calls explained in Haul Calls on page 104

Semi-Tech Lowering

Litter Captain  BeLayer

Semi-Tech Uphill with Belay 

Litter Captain  BeLayer 

Semi-Tech Uphill w/ Haul System

Litter Captain  BeLayer

On BeLay!
BeLay On!

Ready! [pause] Lift!
DOwn SLOw!

DOwn SLOw!
DOwn FaSt!

DOwn FaSt!
StOp!

StOp!
Ready! [pause] Down! 
OFF BeLay!

BeLay OFF! 
CLear!

On BeLay!
BeLay On!

Ready! [pause] Lift! 
Up rOpe!

Up rOpe!
FaLLing!

FaLLing!
On BeLay!

BeLay On!
Stop!
Ready! [pause] Down! 
OFF BeLay! 

BeLay OFF!
CLear!

On BeLay! 
BeLay On!

Ready! [pause] Lift!
Up SLOw! 

Up SLOw! 
Up FaSt!

Up FaSt! 
StOp!

StOp!
Ready! [pause] Down! 
OFF BeLay! 

BeLay OFF!

soon as it was clear from around the tree, she shouted 
“Clear!” and immediately started a sort of controlled 
and careful slide down the mountainside along the now 
slack rope. 

At the same time, the Downhill Rope handler 
had climbed above the tree, and was standing sideways 
to the slope, with the rope in both hands and run-
ning across the small of his back. As soon as he heard 
the “Clear!” he backed around the tree about a time 
and a half; having now become the Belayer, shouted 
“Belay On!” – and at the same time, the Litter 
Captain had given a quick “Ready – Lift!” to the lit-
ter bearers. He then shouted “On Belay! Down Fast!” 
to which the Belayer (the new belayer, that is) shouted 
“Down Fast!” and started the rope slipping around the 
tree quickly but smoothly.

The man who had previously been the Uphill 
Ropehandler now moved down below the litter 
and started heading down the hill, now becoming the 
Downhill Ropehandler. He scouted a course for 
the litter while keeping an eye out for likely belay trees. 

The woman who was at first the Belayer now 
became the Uphill Ropehandler, and she slid and 
walked down past the man who was now the Belayer 
and his tree; once below the tree, she grabbed the taut 
rope between the belay tree and the litter, using it as a 
moving handrail as she moved down with the litter.

The team repeated this process, over and over some 
twenty times, until they reached the ambulance waiting 
along the road at the bottom. The waiting EMS crew 
whisked the patient to the Emergency Department at 
the nearby University of Virginia Hospital. He was there 
about 45 minutes after the injury. When the vascular 
surgeon came to the ED to see the patient to arrange 
for an emergent arterial repair, he reportedly said “It’s 
a good thing this happened right here in the city, or he 
would have lost this leg.”

You can’t learn how to do a semi-tech evac like that 
from reading this or any book. But a bit of study prior to 
practice will make your practice a bit easier and a more 
effective learning experience. 
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Types of Evacuations 

In search and rescue, at least ground-mountain-
wilderness SAR, and at least in the mid-Appalachians, 
we use the term evac (short for “evacuation”) to refer to 
carrying a patient, usually in a litter (stretcher), from the 
backcountry and usually to a trailhead or roadhead. (A 
trailhead is where a trail starts from a road, and a road-
head is the end of a road.) Once the patient gets into an 
ambulance, we call it transportation rather than evacua-
tion. There are no official rules about such grammatical 
usage, it’s just the way we talk about things. 

Note that we always speak of “nontechnical evacs” 
but it’s always “semi-tech evacs,” not “semi-technical 
evacs”; I have no idea why; maybe “semi-tech” just rolls 
so trippingly off the tongue. In drier climes than the 

Appalachians, people sometimes 
call this a “steep scree evac.” (Scree 
is a natural slip-slide of gravel.) But 
since most of the steep scree in the 
wet Appalachians has green stuff or 
trees growing all over it, we don’t 
use that term much here. Outside 
of some places in the Adirondacks 
and White Mountains, and one 
place in the St. Mary’s River 
Gorge in central Virginia where 
the ASRC’s Blue Ridge Mountain 
Rescue Group occasionally prac-
tices, there isn’t a lot of steep scree 
in the Appalachians.

A nontechnical evac is when 
you need to carry the patient out 

to a road, but you don’t need a rope, except maybe a 
short line for a quick assist for a few feet here or there, 
sometimes called a tag line or tagline. We often have a 
20-30 foot (8-10 m) rope attached to the head of the lit-
ter but tucked in next to the patient for such situations. 
On a nontechnical evac, if a litter bearer falls, there is 
no life-safety danger to the litter bearer, the team, or the 
patient. Bumps, bruises and sprained ankles don’t count 
for this particular consideration.

Nontechnical evacs don’t require technical equip-
ment, and technical rescue does. Duh. 

But semi-tech evacs? Originally, the idea (at least in 
the central Appalachians) is that a semi-tech evac was 
something that required a rope but no other technical 
hardware – though now we figure that using figure 8s or 
rappel racks or similar for lowering is still semi-tech. 

Another definition is that a semi-tech evac is steep 
or exposed enough that the litter (and presumably the 
patient in the litter) needs a belay to avoid that Olympic 
luge thing. 

Yet another way to look at it is the angle of the ter-
rain, indeed, firefighters like to talk about “low-angle” 
rescues. Non-technical evacs are fairly flat. Semi-tech 
evacs are up to maybe 45° or so, and a technical rescue is 
anything more than that. Or some say that low-angle is 
less than 30°, 30-60° is “steep angle” and anything above 
60° is “high angle.”1 

1 See the article “Surprising Lessons from ITRS” about the 
International Technical Rescue Symposium in the Spring 2015 
Mountain Rescue Association Meridian newsletter at https://mra.org/
wp-content/uploads/2016/05/2015SpringMeridian.pdf.

 ▸ Nontechnical Evac: 
 ▸ Relatively flat terrain
 ▸ Six litter bearers
 ▸ No rope or belay

 ▸ Semi-Tech Evac: 
 ▸ Belay for the litter going uphill
 ▸ Lowering rope going downhill

 ▸ Steep Semi-Tech Evac: 
 ▸ Belay for litter bearers: tie-in to litter rail
 ▸ Uphill requires hauling 
 ▸ Single rope 
 ▸ Four litter bearers

 ▸ Very Steep Semi-Tech Evac: 
 ▸ Significant risk of critical injury or death if system 
fails 

 ▸ Requires double rope
 ▸ Three litter bearers
 ▸ Litter bearers and patient attached to litter, and 
seat harnesses attached directly to the two ropes 

 ▸ Technical (Vertical) Rescue: 
 ▸ Entire weight of litter and attendant borne by 
ropes 
 ▸ Beyond scope of this chapter

 ▸ Decision nontechnical, semi-tech or a vertical res-
cue depends on many things:
 ▸ Angle 
 ▸ Slipperiness of the slope
 ▸ Exposure to extended fall
 ▸ Risk of injury or death if system fails 

I m p o r t a n t  P o i n t s

ASRC Nontechnical Evac, Wire 
Stokes Litter, Massanutten 

Mtn, VA, 1976

https://mra.org/wp-content/uploads/2016/05/2015SpringMeridian.pdf
https://mra.org/wp-content/uploads/2016/05/2015SpringMeridian.pdf
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I’ve seen fancy diagrams decreeing which precise 
angles are technical and which are not. We should 
applaud the attempt to be rigorous, but it’s more than 
a bit misguided. If the angle is less than 45 degrees, but 
you have to set up a brute force haul to get up the hill, or 
a Z-rig for a bit of mechanical advantage, then that’s still 
a semi-tech evac. It does involve pulleys and Prusiks so 
some insist that this has moved over to technical rescue, 
but the Appalachian Search and Rescue Conference 
thinks that it is still a semi-tech evac.

In his Considerations for Rope Rescue, Ken Laidlaw 
reviews the literature on angles, and says:

ASTM in their rope rescue training standards 
define low angle as terrain whose average slope has 
an angle of 30° to 50° from horizontal. Their defini-
tion of high angle is for slopes greater than 50° from 
horizontal. The Bozeman Fire Department consid-
ers high angle is over 45°. Fire Rescue/EMS Journal 
defines low angle as 15° to 67.5° and high angle as 
67.5° to 90°. Michael Dunn of Emergency Response 
Training uses three categories, low angle 15° to 35°, 
steep angle 35° to 60°, high angle 60° and above. 
Raven Rescue of Canada considers 0 to 15° as flat 
terrain, 15° to 29° low angle, 30° to 50° steep angle, 
and 50° and above high angle. Canadian Rope Access 
Specialists expand on the concept defining low angle 
as up to 35° where the majority of one’s weight is 
on one’s feet, steep angle is 35° to 65° one’s weight is 
shared between the feet and a rope system, high angle 
is 65° or higher where all the weight is on a rope 
system. Rick Lipke in his Technical Rescue Riggers 
Guide lists flat as up to 15°, low angle as 15° to 30°, 
maybe consider using a second rope, steep angle 30° 
to 50° with two ropes and probably the highest risk, 
and high angle 50° and above, using two ropes. The 
California State Fire Training materials is moot on 
a definition and only mentions ‘the low angle rescue 
environment’.1

Pursuing the question of angles further is probably 
best left for a discussion over beer and pizza late at 
night.

As far as measuring the angle of the slope: some com-
passes include clinometers, but most don’t. And except 
for a couple of civil engineers and foresters, I don’t know 
anyone who can come anywhere close to estimating a 
slope accurately by looking at it, unless it’s flat or verti-
cal. Try it, you’ll be surprised how hard it is. (Yes, you 
can get clinometer apps for your phone. I have one on 
my phone. But I’m on a rant here, let me continue.) 

1 http://sarconsiderations.com/documents/Considerations%20for%20
Rope%20Rescue%20-%20042216.pdf

Slope angle doesn’t determine, by itself, how danger-
ous a slope is. Even if not that steep, a steepish slope of 
mossy, wet boulders in a ravine is extremely dangerous 
and requires a belay. A not-that-steep fall forest slope 
after a rainstorm, covered with slippery wet leaves, can 
likewise be dangerous. And let’s not even talk about ice 
storms; we’ve had a couple of ice storms at ASRC Winter 
Retreats and you couldn’t even walk on the driveway 
without a belay. On the other hand, a fairly steep grassy 
slope with good footholds on grass hummocks might 
be done toenailing the litter (Laddering on page 21) 
without a belay. 

The point being that an experienced SAR team mem-
ber can take a look at a slope and determine what kind 
of a belay the litter needs in a second or two. Whereas a 
newby/greenhorn with a clinometer app on his phone 
probably won’t get it right. So, this chapter uses the 
terms nontechnical and semi-tech evacs, based not on 
the slope, but based on whether an experienced person 
thinks the litter needs a belay. 

And yet another way is to consider the equipment 
needed: if you need rigging plates, pulleys, and lots and 
lots of hardware, it’s probably a technical rescue. If you 
only need a long rope or two, it’s a semi-tech evac. If 
you also use a set of three webbing slings with mechani-
cal lowering devices, it’s still semi-tech. If you add seat 
harnesses and short slings to tie-in four litter bearers 
to the litter, it’s still semi-tech, though we call it Steep 
Semi-Tech.

Well, more or less. Because if we clip the litter bearers 
into the litter, that’s a sort of belay, but we still call it a 
semi-tech evac. It makes sense, in a way. The only differ-
ence between a “regular” semi-tech evac and one where 
the litter bearers clip into the litter is the clipping into 
the litter bit. You still have the rope attached to the head 
of the litter, and use the same sort of belays, though 
likely with more friction, so it makes sense to group 
them together. 

What differentiates a “regular” semi-tech evac from a 
“steep” semi-tech evac? As with the difference between a 
nontechnical evacuation and a semi-tech, the difference 
is not simply the degree of steepness. It depends.

It depends on many things: the steepness, the slip-
peryness, the exposure (how likely litter bearers are to 
get injured if they fall), and the condition of the litter 
bearers. If the semi-tech evac is dangerous enough to 
litter bearers that not only does the litter+patient need 
a belay, but the litter bearers also need a belay, then it’s a 
“steep” semi-tech evac.

And how do you belay the litter bearers? Simple. All 
four of them put on a seat harness and then clip into the 
litter rail with a sling.

A single-length sling/runner looped around the litter 
rail and then clipped into the seat harness is about right. 

http://sarconsiderations.com/documents/Considerations%20for%20Rope%20Rescue%20-%20042216.pdf
http://sarconsiderations.com/documents/Considerations%20for%20Rope%20Rescue%20-%20042216.pdf
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A standard single-length sling/runner is two feet long: 
(24 inches/2 feet/60 cm); that’s measuring the length 
of the tied or sewn sling from one end to the other, not 
the length of the webbing you used to make it up, which 
due to sewing or knots is longer than twice that 2-foot 
length. 

A Prusik loop will also work; you can loop it over 
the litter rail and then clip directly back into your seat 
harness. If that seems a bit too close to the litter, you can 
instead girth hitch one end of your sling onto the litter 
rail and then clip the other end onto your harness. 

Best is an adjustable Purcell Prusik lanyard (see 
Purcell Prusik Lanyard on page 194, as you can adjust 
its length on-the-fly during the evac.

One sometimes-useful thing about clipping into 
the litter rail like this: if and when you need to lift the 
litter over an obstacle, you may be able to use the sling 
clipped to your harness which engages your leg muscles, 
which are stronger than your arm muscles. 

If the slope is steeper and the risk of a rope failure 
causing multiple critical injuries or death is high, then 
we call it a Very Steep Semi-Tech Evac. We still rig to the 
head of the litter, but the steepness of the slope, and the 
increased load on the rope, mandates two separate lines 
(see One Line or Two? and Two-Tensioned Lines on 
page 160) that are linked together by linked bowlines 
at the top of the litter, and belay lines go from that 
point to the patient’s seat harness and each of the litter 
bearers. The steepness of the slope also allows us to cut 
down from four to three litter bearers.

Very steep semi-tech evacs are rare in the mid-Appa-
lachians. That’s because our mountains are old, and the 
area has gotten a lot of rain for thousands of years, so 
erosion has ensured that our slopes are usually not that 
steep. 

And then there is The Technical Rescue. (Sometimes 
it’s The Vertical Rescue.) Note it seems to be always sin-
gular, and in capitals. And it’s always a “rescue” and not 
an “evac.” (Sorry, it’s just the way we talk when discuss-
ing such things. It just grew that way.) Technical rescue 

is when terrain is vertical enough that you usually have 
a “spider” set of slings on the litter to keep it more or 
less level. Well, actually, in cave rescue, you may have to 
do a vertical raise with the litter vertical, but if the litter’s 
hanging free like that, even if it’s hanging by the head of 
the litter, it’s still “a technical rescue.” In fact, “vertical 
rescue” is pretty much a synonym for “technical rescue.” 
Again, as with semi-tech evacs, this grouping of such 
evacuations makes sense: in a technical rescue, there is 
much more stress on anchors and hardware, and the rig-
ging is much more complex.

In this chapter, we will not cover how to rescue some-
one off a vertical cliff or out of a pit in a cave, although 
we do cover some of the skills needed to support such a 
rescue. 

If you are interested in reading more about vertical/
technical rescue, here are a number of good books on 
technical rescue out there. In addition to the zillions of 
web links to specific papers or websites throughout this 
chapter, there are several high-quality free online over-
view references on technical rescue that you might want 
to consult first. Here are good picks as of the publication 
of this version:
• For an overview of some major considerations for 

vertical rescue, see: http://sarconsiderations.com/
documents/Considerations%20for%20Rope%20
Rescue%20-%20042216.pdf.

• For an overview of how the US National Park 
Service runs vertical rescues, see: https://mra.org/
wp-content/uploads/2016/05/nps-technical-rescue-
handbook-2014.pdf.

• A lot of vertical rescue deals with physics and engi-
neering. For a detailed and authoritative discussion 
of these topics, see: http://www.ropelab.com.au/files/
physics.pdf.

• Finally, it would be a good idea if you read through 
the rest of this chapter to get a good grounding in the 
basics of the many parts of most vertical rescues that 
are not vertical. 

http://sarconsiderations.com/documents/Considerations%20for%20Rope%20Rescue%20-%20042216.pdf
http://sarconsiderations.com/documents/Considerations%20for%20Rope%20Rescue%20-%20042216.pdf
http://sarconsiderations.com/documents/Considerations%20for%20Rope%20Rescue%20-%20042216.pdf
https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-handbook-2014.pdf
https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-handbook-2014.pdf
https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-handbook-2014.pdf
http://www.ropelab.com.au/files/physics.pdf
http://www.ropelab.com.au/files/physics.pdf
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B a c k  I n j u r i e s 
Field II

Back injuries are common. 

If it is someone who had a major fall and you suspect a spinal fracture, 
that’s covered in the main text. This sidebar is about team members 
who injure their backs from lifting or twisting. Sometimes the pain 
from such an injury doesn’t show up until hours later or the next day. 

There are a great variety of things that may cause back pain, including 
relatively common medical problems such as a kidney stone or kidney 
infection, or rare problems such as a spinal infection or aortic dissec-
tion. But if it comes on right after heavy lifting or unusual twisting, or 
the next day, an injury is most likely, and much more common than 
other causes of back pain.

The main bones in the back are called vertebrae (that’s the Latin plural; 
singular is vertebra), and the main part is the vertebral body. The ver-
tebral bodies are separated by rubbery discs that have a mushy center 
like toothpaste. These discs allow the back to flex back and forth. 

Lifting injuries can be from a muscle strain, from a herniated disc, 
when the outside of the disc cracks and some of the inside pushes 
out, sometimes pushing on a nerve. Or, rarely, 
from a type of back fracture called a compression 
fracture of a vertebral body. Think of crushing a 
soda/pop/Coke can: the vertebral body crumples 
like that.  

You should ask some questions to determine 
if a compression-fractured vertebral body or 
herniated disc might be pressing on a nerve or 
the spinal cord, which may cause permanent 
damage. If the answer to one of these questions 
is “yes,” then you should consider it a serious 
problem, and get the member back to Base 
relatively urgently, but safely and without more 
injury to the back. It doesn’t necessarily require 
a litter evac if the member can walk, but the 
member should not do any lifting and someone 
else should carry the member’s pack. The ques-
tions are:
 · Do you have any numbness, tingling, pain or 

weakness in your legs? (Weakness is the most 
serious.)

 · Do you have any numbness in your crotch? 
Numbness in the crotch is likely more serious 
than numbness in the legs.

 · Do you have any problems controlling your 
peeing or pooping?

If the answer to all these questions is no, then 
regardless of what the underlying problem is, the 
treatment is what is called “conservative”:
 · No X-rays or MRIs unless a high suspicion for 

a fracture or herniated disk
 · No surgery
 · Heat and stretching
 · Sometimes, physical therapy

A few important points about back injuries from 
lifting:
 · Pain medications, muscle relaxants or other 

medications may cover up the pain but don’t 

make you get better faster.
 · Heavy lifting may reinjure your back, but rest is bad, it just makes 

you get stiffer and hurt worse and longer.
 · Cold packs will make it get worse.
 · Heat, like a heating pad or electric blanket, will make it a bit better.
 · Yoga or fairly hard-core personal-trainer type stretching exercises, 

done correctly so you don’t do yourself another injury, will make 
your back get better faster.

Generic treatment of back and other muscle strains is covered in 
Musculoskeletal First Aid on page 27.

For more about the scientific evidence that underpins these recom-
mendations, see http://www.conovers.org/ftp/NOTEBOOK/O-BACK.
pdf and http://www.conovers.org/ftp/NOTEBOOK/ACP-BACK.pdf.

We hope reading this makes you take the sections on how to lift and 
put down a litter very seriously. 

free use via Wikimedia Commons, courtesy Blausen.com staff (2014). “Medical gallery of Blausen 
Medical 2014”. WikiJournal of Medicine 1 (2). DOI:10.15347/wjm/2014.010. ISSN 2002-4436. 

http://www.conovers.org/ftp/NOTEBOOK/O-BACK.pdf
http://www.conovers.org/ftp/NOTEBOOK/O-BACK.pdf
http://www.conovers.org/ftp/NOTEBOOK/ACP-BACK.pdf
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Nontechnical Evac Basics 

Carrying a litter is easy. Well, no, it’s not really, it’s 
pretty hard work, but learning how to carry a litter isn’t 
very hard. 

The first rule is to not get hurt. The easiest way to 
get hurt is to pick up the litter wrong and mess up your 
back. 

You have probably heard all the hype about “lift with 
your legs, not your back.” It’s all true. Bending over a 
litter and then lifting is a great way to give yourself pain 
and misery for a week or so. Or maybe the rest of your 
life. 

Picking Up The Litter 
 Field III 

With a litter, though, it’s hard to get close enough to lift 
with your legs. There are a couple of tricks. 

The first trick works like this.
 1 Face the litter.
 2 Squat down on one knee. Keep the other knee up. 
(Some obsessive-compulsive people insist that everyone 
get down on the same knee. Ignore them.)
 3 Put both hands on the litter rail. Lean away from the 
litter. This keeps your back reasonably straight and 
upright.

Here’s the second trick. When it’s time to lift the 
litter and you hear the Litter Captain say “Ready! 
[pause] Lift!” don’t lift. Right. Don’t lift. 

Instead, pull out. Pull directly away from the litter 
bearer across from you. The litter will lift slowly and 
smoothly. (Slowly and smoothly is good for preventing 
bad things. Like back strains. Like dropping the litter.) It 
seems like magic, and maybe it is, but try it, you’ll like it. 

Now for a joke.1 (Bear with me, it’ll be relevant in a 
bit. Well, a little bit relevant.) Goes like this:

Once I saw this guy on a bridge about to jump. I 
said, “Don’t do it!” 

He said, “Nobody loves me.” I said, “God loves you. 
Do you believe in God?”

He said, “Yes.” I said, “Are you a Christian or a 
Jew?” 

He said, “A Christian.” I said, “Me, too! Protestant 
or Catholic?” 

He said, “Protestant.” I said, “Me, too! What 
franchise?” 

He said, “Baptist.” I said, “Me, too! Northern 
Baptist or Southern Baptist?” 

1 This was written by comedian Emo Philips in 1985 and was voted 
best religious joke of all time by the website Ship of Fools.

 ▸ Litter Captain: 
 ▸ Front left litter bearer, in direction of travel
 ▸ Uses standard calls to direct litter team

 ▸ To lift litter:
 ▸ On one knee
 ▸ Face litter
 ▸ Both hands on rail
 ▸ Lean back, pull away from opposite litter bearer as 
stand up
 ▸ Keep butt in and bend over as little as possible

 ▸ If see patient vomiting:
 ▸ Call “Vomiting!”
 ▸ Rotate litter more than 90° away from Litter 
Captain

 ▸ Matching litter bearers by height and load straps 
make it easier to carry
 ▸ Rotating litter bearers:
 ▸ Litter bearers can ask for two new litter bearers
 ▸ Frees front two litter bearers to rest

 ▸ Relief bearers walk ahead of litter in pairs
 ▸ When relief bearers closest to litter hear “Ready 
to Rotate!” from Litter Captain they:
 ▸ Step off the trail
 ▸ Allow litter to pass between them
 ▸ Grab back end of litter
 ▸ They tap hands of the litter bearers in front of 
them
 ▸ Those litter bearers shift forwards on litter and tap 
hands of litter bearers in front

 ▸ Once both new litter bearers carrying their share of 
the litter:
 ▸ New back litter bearer on left calls “Rotate!”
 ▸ Front two litter bearers:
 ▸ Let go of litter
 ▸ Cross sides
 ▸ Go to front of line of relief bearers

 ▸ Before setting litter down, check under litter, maybe 
sweep with leg under litter

I m p o r t a n t  P o i n t s
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He said, “Northern Baptist.” I said, “Me, too! 
Northern Conservative Baptist or Northern Liberal 
Baptist?”

He said, “Northern Conservative Baptist.” I said, 
“Me, too! Northern Conservative Baptist Great Lakes 
Region, or Northern Conservative Baptist Eastern 
Region?” 

He said, “Northern Conservative Baptist Great 
Lakes Region.” I said, “Me, too!”

I said, “Northern Conservative Baptist Great Lakes 
Region Council of 1879, or Northern Conservative 
Baptist Great Lakes Region Council of 1912?” 

He said, “Northern Conservative Baptist Great 
Lakes Region Council of 1912.” 

I said, “Die, heretic!” And I pushed him over.

Now, about calls for lifting the litter. 
Some insist that the One True Call is “Prepare to 

Lift!” Or maybe “Ready to Lift!” And then there 
are the Trinitarians who insist on “One, Two, Three, 
Lift!” Fewer words are better, especially if you’re doing 
something that will likely leave you short of breath. 
And, in the early days of the Appalachian Search and 
Rescue Conference, “Ready! [pause] Lift!” is what we 
chose as the standard. 

So do it this way. Or get pushed off the bridge. 
The most important thing for the Litter Captain 

is not what words he or she uses, but that little [pause]. 
During that pause the Litter Captain quickly scans 
all the litter bearers to assure they are ready. Yes, if 
you’re a litter bearer and you hear “Ready!” and you’re 
not ready, a little enlightened self-interest suggests you 
say “Hang on a minute!” or “Wait!” or something 
similar. “Stop!” is more official-sounding. But is simply 
being official-sounding enough to establish a new stan-
dard? You’re standing right next to the person, so there 
aren’t likely to be problems communicating. No, there 
needs to be no One True Call for this. 

Even if the litter bearers are expected to respond if 
unready, still, it’s the Litter Captain’s job to make 
sure everyone’s really ready.

It is important to have one person on the litter, and 
only one person, who communicates with the Rope 
Team:

The Litter Captain 
Field III 

Who, you might ask, gets to be the Litter Captain? 
Options include:
 • Whoever is senior in grade (this means the highest 
ranking person, e.g., an ASRC Field I outranks a Field 
II, and whoever has been credentialed at that grade 

longer is senior within that grade)
 • Whoever wins a vote
 • Whoever is tallest
 • Whoever is shortest
 • Whoever has the coolest helmet or hat
 • Whoever really, really wants to be the Litter Captain 
 • Whoever wins the fight

Long ago (circa 1974), the ASRC debated these sorts 
of things and finally decided it’s your position on the 
litter. It’s easy to remember: whoever is in the driver’s 
seat gets to be the Litter Captain.1 Again: the litter 
bearer in the front left gets to be the Litter Captain. 
suppose there might be a bit of jostling to see who ends 
up in the “driver’s seat” but really, everyone’s supposed 
to be able to do the job. And, if you’re switching off 
litter bearers (which is a really, really good idea; see 
below) then everyone eventually gets to be the Litter 
Captain. 

If you suddenly decide to move the litter backwards 
for some reason, then a litter bearer who was in the back 
may suddenly become the Litter Captain. 

(And yes, if you go to the UK, then the person in the 
front right is the Litter Captain. Now stop it and get 
back to reading.)

Putting down the litter is almost the reverse of pick-
ing it up. The standard call is “Ready! [pause] Down!”

Again, you lean out and keep your head up and your 
butt down as you lower the litter. When training people 
to pick up and put down a litter, it is customary for the 
instructor to walk around the litter and litter bearers as 
they are practicing. Sometimes, to prevent back injury, 
urgent intervention is appropriate. If the instructor 
sees a litter bearer who is leaning over – as shown by 
the bearer’s buttocks protruding from the line of litter 
bearers – verbal remonstrances are inadequate, and the 
instructor is expected to rapidly and forcefully place his 
or her boot on the lower back and top of the offending 
litter bearer’s buttocks and forcefully push it in line. This 
is just as much a safety measure as a means of negative 
reinforcement. And, yes, this is where we get the phrase 
“kick butt.”2 Actually, don’t know anyone who does this, 
as kicking someone in the butt, even in a good cause, 
is probably a crime. But threatening to do so is pretty 
common.

However, there is one major difference between rais-
ing and lowering the litter. It’s possible to put the litter 
down on a punji stick (sharpened sticks left sticking up 
as a booby trap). Or a shrub someone has cut off with a 

1 The US Department of Defense standard is that back left is litter 
captain. This means the litter captain, can see other litter bearers better 
which is good, but can’t see and pick the path ahead which is bad. 
After due consideration, the ASRC sticks with front left.
2 My 14 year old daughter, on reading this, made me put this in: “You 
can’t believe a thing he says.”
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machete to clear a helicopter Landing Zone (LZ) which 
is functionally the same. Back when we used to use real 
Stokes litters, which were also known as Navy Wire 
Basket Litters, this was a big deal. These original litters, 
which are still used in many places, have a steel frame 
with chicken wire in it. Punji sticks left by well-meaning 
but incompetent machete-wielding landing-zone clear-
ers (or trail maintainers) were a real hazard. You’re sup-
posed to cut off right at the ground, and leave it cut flat, 
not diagonally-pointed.1

With plastic Stokes litters, this is much less of a con-
cern. However, putting the litter down on a sharp pointy 
rock can still crack a plastic Stokes, not to mention flex-
ing the Stokes and hurting the patient. So that [pause] 
allows everyone, prior to setting down the litter, to 
check underneath for any impediments, for example, 
wasp nests, mines, small furry animals or some pic-
nicker’s watermelon. Many people like to use their legs 
to sweep under the litter to check for things you might 
have missed, but it’s not required.

It’s also very embarrassing when all of the litter bear-
ers let go at the same time, and the litter then slides 
down the mountain like an out-of-control Olympic 
Luge sled. Unlike the wire-basket Stokes, which has lots 
of friction, the newer plastic Stokes are pretty slippery 
and this is not purely theoretical.

There are some simple solutions. Leaving a couple 
of people holding onto the litter (usually those on the 
downhill end) will work. However, this may not be 
favored by the people on the downhill end of the litter. 
In forested areas, a simple solution is to have a short 
(~20’ = 6 m) tag line attached to the head of the litter. 
(Even if you have a 200’ rope attached to the litter for 
a semi-tech evac, such a separate short belay line may 
be handy.) Tie a figure 8 loop with a carabiner about 5’ 
away from the litter. Whip it around a tree and clip it 
back into the litter and you’re secure. Or just pass the 
rope around a big tree 4-5 times (see Rigging a Static 
Line on page 99).

There may be times when the Medic tells you that 
it’s important to keep the litter in a slightly head-down 
position (perhaps blood loss, dehydration, or hypother-
mia), or perhaps a slightly head-up positions (perhaps a 
head injury, or a breathing problem). In such cases some 

1 The best machete for clearing a LZ is a Woodman’s Pal, made in 
Pennsylvania since the 1940s. It was standard issue in World War II. 
I favor the long-reach version. My wife and daughter and I do trail 
maintenance from time to time. Often when we go out for a hike 
we take along some trail tools to do a little clearing along the way. 
At my daughter’s 9th birthday party, the extended family was sitting 
around the table watching her open her two big presents. One was 
an American Girl doll. Family approved. When she unwrapped the 
second, though, family was horrified. It was her own Woodman’s Pal 
machete. “Now when we’re hiking, I don’t have to borrow yours all the 
time! Great!”

of the litter bearers will just have to suck it up and hold 
the litter in the appropriate position during a stop.

Shit happens. To litter patients. So does piss. We will 
discuss management of defecation and urination more 
in the later section on Patient Packaging.

Vomit also happens in litter patients. And despite 
the fact that litters are obviously design to carry people 
on their backs, vomiting when you are on your back is 
bad. Especially if you have immobilized the neck so the 
patient cannot turn his or her head. This is a good argu-
ment against immobilizing the neck unless absolutely 
needed. It’s also an argument for not packaging people 
on their backs, but using the on-the-side coma position, 
discussed more in the section on Patient Packaging. 

If you see a litter patient on his or her back vomit-
ing, yell “Stop! Vomiting!” and rotate the litter away 
from the Litter Captain. Why away from the litter 
captain? We just need a standard way to do this so litter 
bearers are not fighting each other to turn the litter dif-
ferent ways. 

Sometimes in litter practice, litter bearers tilt the lit-
ter to about a 45° angle. Not enough. When someone is 
immobilized and vomiting, you need to turn the litter a 
bit more than 90° to actually prevent aspiration (vomit 
going into the lungs). Ideal is to turn the litter entirely 
upside down so the patient is facedown. So if you are 
doing litter practice, you hear “Stop! Vomiting!” and 
people just turn the litter a little bit, tell them that what 
they’re doing is a waste of time and that they just killed 
the patient, and show them how to do it the right way. 
Tell them I told you to do it.

Speaking of stops: yes, the Medic may need a stop for 
some medical reason, or you may need to stop to change 
the litter rigging, or the patient may need to pee. But 
except for such mandatory stops, the litter should never 
stop moving; for a rescue team to accomplish this takes 
study and practice, which is why this chapter is so long. 

Carrying the Litter 
 Field III 

It is said that “many hands make light work” and so it’s 
standard to have six litter bearers; any more than six is 
a crowd, as you’re stepping on someone’s heels. But 12 
hands doesn’t make carrying a litter exactly “light work.” 
Actually, it’s only 6 hands, because when carrying and 
facing forwards, you can only keep one hand on the 
litter.

There are things you can do to make carrying easier. 
The simplest is to have litter bearers who roughly match 
the height of the litter bearer across from them.

Another simple technique is to use load straps. A 
load strap is piece of 2” or 1.5” seat-belt type flat nylon 
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1: Relief bearers (for clarity, only two are shown, but there may be more) are walking ahead 
of litter on trail. Litter Captain calls “Ready to Rotate!”

2: One pair of relief bearers move off to either side of the trail. Litter passes between them.

3. Relief bearers grab the tail end of the litter and left rear bearer calls “Rotate!” All litter 
bearers shift forward on the litter. The litter does not stop. 

4. The other liter bearers similarly shift forward. The front two litter bearers peel off the 
litter, cross over, and move to the front of the line of relief bearers.

Historical note: these and other sketch diagrams found throughout this essay were drawn 
by the ASRC’s Yorke Brown in 1976, as the ASRC was developing its SAR doctrines.  

From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 

webbing, about 10’ long, without any knots or hardware. 
You girth-hitch the middle of it to the litter rail just 
behind where your hand will be on the rail. (It works 
better if it’s girth-hitched behind, not in front of, your 
hand.) You gently pile it on top of the patient.

Let’s assume that you’ve lifted (or rather, pulled-out) 
the litter. Assume further that you’ve turned left, in the 
direction of travel, and you have your right hand on 
the litter. Now you’re ready to carry the litter, but it’s 
already getting pretty heavy on that right arm. So, with 
your left hand, you reach across in front of you and grab 
that load strap off the patient. You grab it right next to 
the litter rail, then slide your hand out along it until 
you’ve got about 2-3’ of it stretched out from the litter 
rail. (Sounds pretty easy but try it while you’re carrying 
the litter and watching where you put your feet.) Lift 
your hand up a bit over your head and flip the load strap 
backwards over your head. It should now be running 
diagonally across your upper back and forwards across 
your left shoulder. Now bring your left hand down in 
front of your chest. Wrap the load strap a few times 
around your hand, then pull down, hard. Now, some of 
the litter load is on your left shoulder. Really helps that 
right arm, doesn’t it?

When you are ready to rotate litter bearers (which 
should be 1/2-2/3 longer when you’re using load straps), 
you unwind your hand and then gently drop the load 
strap on the patient.

We’ve tried this with 1” slings, which are quite inferior 
to the 2” seat-belt webbing or much-lighter 1.5” tent 
webbing. The 1” webbing really cuts into your shoulder 
painfully.

If most of your evacuations are nontechnical, it may 
pay to keep a set of load straps pre-attached to your 
litter rails. Load straps improve the efficiency of a litter 
carry-out team by twice or more. 

Rotating Litter Bearers 
 Field III 

Even with load straps, carrying a litter is hard work. 
And you get tired out quickly. Or your arms start 
hurting. 

Just a couple of months prior to writing this, I had 
changed my weight workout to use a weight plate and 
doing chops with a 10 lb medicine ball. I did myself a 
serious injury: both my brachioradialis muscles (in the 
forearm) were toast. Even lifting light things hurt. And 
then, as we were training at McConnell’s Mill State Park 
and I was trying to baby these muscles, we had a real 
rescue. 

The Fire Department was there first and had set up 
a rappel into a ravine. It would have been easier just to 

go down to the bridge and walk up an informal trail 
into the ravine, but the Fire Chief had set up this 200’ 
rappel (no overhangs, some brush but not too bad, easy 
rappel) and so that was the way we were going into the 
scene. As the team doctor, I was going to rappel in fairly 
early to ramp up patient care. (Ended up deciding not to 
reduce the open ankle dislocation/fracture as there was 
mud all over it, and neurovascular was intact, but did 
give a gram of Rocephin antibiotic injection.) 

As I was getting ready to rig in, a firefighter was 
starting to rappel, and they were going to send the litter 
down with him. But he looked pretty unhappy doing 
this rappel even without guiding a litter down – his lack 
of experience was palpable. So I said “just let me take 
the litter down.” So as I was rappelling, my right hand 
was controlling my rappel , and my left hand was guid-
ing down the bottom of the Stokes, which was being 
lowered by a rope attached to the top. I was calling 
things like “Down Slow!” and “Down Fast!” and 
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“Stop!” as I was guiding the litter through the brush. 
And then as I got towards the bottom, I realized I didn’t 
have a hand to push the Push-to-Talk button on my 
radio, that it was pretty noisy, and then I was saying 
“Stop!” and then shouting “STOP!” and then screaming 
“STOP!” and then as I was holding the entire weight of 
the litter with my left hand the litter finally stopped. 

Later, with my left brachioradialis hurting even more 
than before, it was time for me to help carry the litter 
(down to the bridge, not raising up the cliff). And we 
were short on litter bearers, so I really needed to help. 
Apparently one of the Allegheny Mountain Rescue 
Group members passed on a request to the Fire Chief 
for more litter bearers, which he acknowledged; but 
then when she tried to send some people around to the 
bridge he said “I didn’t say you could have them!” And 
apparently at some point he said “You know, this isn’t 
my first rodeo!” which term has now gone quite viral 
within the local SAR community.

But even with my left hand, I was only able to carry 
the litter for a few minutes until my forearm was hurting 
bad enough that I was afraid I might get a permanent 
injury. (Thank you, after about 3 months of avoiding 
those medicine-ball chops, my forearms are fine and I’m 
up to 60 pushups at a time without any significant pain.) 
And no, we didn’t have load straps. It was a rough car-
ryout, along an informal/social trail that went over and 
between big boulders, so we were trying to switch out 
litter bearers frequently. However, none of the firefight-
ers seemed to have a clue about how to rotate in litter 
bearers, so it was a very awkward carryout. 

Knowing how to rotate litter bearers the right way 
can really speed up a nontechnical evac (carryout). And, 
unlike the bit about calls for lifting the litter, there is 
only One True Way to rotate litter bearers. The ASRC 
developed this in the early 1970s, but then as there’s 
only one way that works best, this has probably evolved 
independently other places. 

Here are some issues with litter bearer rotation:
 • The litter should not stop. 
 • Litter bearers should alternate using their right and left 
arms.
 • Litter bearers should be in pairs roughly matched by 
height.
 • Litter bearers should be ready to rotate in to carrying 
the litter whenever the Litter Captain indicates 
a need for rotation by calling “Ready [grunt] to 
Rotate!” (the grunt indicates that you really need to 
come off the litter right now). 
 • Relief litter bearers should not have to fight their way 
past the litter.

We had tried having the extra litter bearers behind 
the litter. This didn’t work so well. Say you and your 
partner come up behind the litter and then grab hold, 

and then all the litter bearers shift up a bit, and the 
pair in the front peel off to either side. Then they have 
to wait for the litter bearers and all of the relief bear-
ers to pass them before getting back on the trail at the 
end. And, when you’re behind the litter and there is a 
call of “Ready to Rotate!” (leaving out the grunts 
from now on), you have to rush up to the litter. And it’s 
hard to take over on the litter while you’re also walking 
fast to catch, and trying to watch your feet so you don’t 
stumble.

So it’s better to have the relief bearers in front of 
the litter. That way, when you and your partner are at 
the end of column of relief bearers, and you hear that 
strained “Ready to Rotate!” from behind, you can 
step off the trail on either side. You set your feet so 
you’re stable. Then, as the litter passes, you grab hold of 
the tail end of the litter, and quickly move out into the 
trail. Ideally, relief bearers, as well as those on the litter, 
try to match with someone of roughly the same height.

Say you’re at the back left of the litter. Once you and 
your partner have hold of the litter, you call “Rotate!” 
to let the entire litter team know that it’s about time to 
shift forwards. 

You then tap the hand of the litter bearer in front 
of you on the litter, the old back left litter bearer. This 
is a signal for the litter bearer in front of you to shift 
forward one position. 

If you’re at the back left of the litter and you hear 
“Rotate!” and feel a tap on your hand, you shift 
forwards to the middle position. Since the foot is the 
lightest part of the litter and we tend to go head-first, 
fairness requires that you move forward fairly far, so 
you’re not right at the tail of the litter, and take your fair 
share of the load. As you do this, you use your free hand 
to tap the hand of the litter bearer in front of you. 

If you’re the middle left litter bearer and you feel a tap 
on your hand, you move forwards to the front, tapping 
the hand of the left front litter bearer.

If you’re the Litter Captain on the front left, once 
you feel a tap on your hand, you can let go of the litter, 
smile, and speed ahead of the litter, switching to the 
right side so next time you rotate onto the litter you’ll be 
using your right hand.

Everything is the same on the right side, except you 
don’t call “Ready [grunt] to Rotate!” or “Rotate!”

Tapping the hand is the official way, but I’ve also seen 
people tapping on the shoulder; works OK unless the 
person has a big pack on and you can’t reach the shoul-
der, which is why tapping the hand is the standard, but 
whatever works. 

Note that there are two parallel messages here... the 
“Rotate!” call from the back, and the tapping of hands 
or shoulders. It’s a bit redundant, but that’s not bad. 
And, you can think of that “Rotate!” call as a heads-up 
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that you should start shifting forward on the litter as 
soon as you feel that hand-tap. 

And, the front litter bearers peel off of the litter, cross 
sides, and start ahead, moving fast. There often is a long 
line of potential litter bearers ahead of the litter, and the 
litter bearers who just peeled off the litter are supposed 
to head to the front of the line. (The closer you get to the 
roadhead, the longer the line seems to get.) Now, you 
might think that asking the people who were just on the 
litter and likely exhausted to basically do a quick-march 
to the front of the line is a bit much. 

Once upon a time, my wife and I took our toddler 
daughter on a hike, doing the Ferncliff Trail at Ohiopyle 
State Park, a short circuit hike. Usually, she rode in a 
Kelty toddler pack on my back, maybe walking a little 
bit at a time. As we started out, with her on foot rather 
than in the pack, we pointed out the store with the big 
picture of an ice cream cone on it. “See that? We’ll go 

there once we’re done with the hike.” “OK!” And of 
course, a bit more than halfway through: “Daddy, I’m 
tired. Pick me up.” “Well, Laurel, you remember that 
store with the big ice cream cone on it?” “Yeah?” “Well, 
we’re hiking in a big circle, so that means the ice cream 
store is just ahead there.” I pointed to the trail ahead. 
And Laurel started ahead fast enough we had trouble 
keeping up with her. Finished her first full dayhike with-
out further chivvying or complaint. Motivation is key.

Same thing with peeling off of the litter and heading 
to the head of the line: whoever’s at the front of that line 
of potential litter bearers is the last to take over carrying 
the litter again. Motivation is key. 

One observation: if you have a bunch of litter bearers 
who don’t know anything about this system (very com-
mon), then it’s worth doing a one-minute explanation 
before setting out with the litter. This will likely save 
time in the long run. 
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A n k l e  I n j u r i e s :  O t t a w a  C r i t e r i a 
 Field II 

The section on carrying a litter seems like an appropriate place 
to discuss ankle injuries. 

In the backcountry, ankle and lower leg injuries are the most 
common injury. Maybe not the most serious, but the most 
common. And carrying a litter and not being able to see where 
you put your feet seems like a good way to twist an ankle.

When one of our SAR team members twists an ankle, we have 
to decide whether we can (a) tape up the ankle or put it in an 
Aircast and have the member walk out, or even continue with 
the task, or (b) evacuate the member and get him or her to the 
ED for X-rays. 

With the Ottawa Criteria, it’s pretty easy to decide which to do. 
If you don’t need X-rays, you don’t need to be evacuated and 
transported to the ED. 

The Ottawa Ankle Criteria were developed back about 1992 by 
Ian Stiell of the University of Ottawa, thus the name “Ottawa.” 
The idea was to decrease unneeded ankle X-rays. 

Of the many “clinical decision rules” Ian has developed, these 
are the most popular and most widely used. I’ve heard some 
people say they don’t use them, but most of the ED and Urgent 
Care Center docs and PAs and CRNPs I know use them; I 
certainly do.

I made up a 3”x5” pocket card with the criteria. 

A printable PDF is at http://www.conovers.org/ftp/; scroll down 
to Card-Ankle-Print.pdf. 

Below are the graphics and text from the card. 
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Navigating Obstacles 

Carrying a litter down a nice, wide flat trail is all 
well and good. For the five feet of it you will do over 
your entire SAR career. 

Often there are obstacles, narrow trails, trails that go 
straight up or down, or no trails at all. And there are 
time-tested techniques for dealing with these problems. 
And you need to learn these techniques. Or you will 
flail, waste time, and get litter bearers hurt. Not to men-
tion looking like an idiot.

This is not rocket science. Once you understand 
the rationale, and practice it a few times, you’ll have it 
down. 

Laddering 
 Field III 

Sometimes, you’ll be carrying the litter down a nice, 
wide trail. But it’s right after an ice storm, and you will 
be tootling right along, when your come to a four-foot 
diameter downed tree across the trail. Everything grinds 
to a halt. 

No, it doesn’t. Because you already know how to 
rotate litter bearers, and you have a couple of litter 
bearers who’ve gone on ahead, and are on the other side 
of the log, eagerly awaiting their turn to lengthen their 
arms by carrying the litter. 

Basically, this is just a brief interruption in litter 
bearer rotation. You stop, and then plant your feet 
solidly. You think to yourself “At this point, I am going 
to move the litter. I am not going to move my feet. I am 
not going to move my feet.” Actually, if you’re new to 
this, maybe you should say it out loud.

Once everyone has their feet planted well, you shift 
the litter forwards as far as you can without anyone 
letting go of it. If you can, you set the head down on the 
downed tree. Once you’ve got the litter where you want 
it, the Litter Captain calls “Ready to Ladder!”

Then, the back two litter bearers peel off, and work 
their way around to just above the head of the litter, and 
find secure footing, and then bend down and each grab 
the top of the litter with one hand.

The new litter bearer to the front left of the litter will 
receive the litter and become the new Litter Captain. 
He or she grabs hold of the litter, and then does a quick 
visual check of the litter bearer across from him or her. 
As long as that other litter bearer looks ready, the new 
Litter Captain calls “Ladder!” 

Then, without anyone moving their feet – again, 
without anyone moving their feet – the litter bearers 
shift the litter forwards a couple of feet. The back litter 
bearers peel off, and just like rotating litter bearers, they 
hop over the log, and head around to the front of the 
line, ready to take the litter when it’s their turn.

 ▸ Laddering Across an Obstacle: First Ladder 
 ▸ Litter Captain calls: “Stop! Ready to 
Ladder!”  
 ▸ Set head of litter on obstacle, or hold over 
obstacle
 ▸ Middle litter bearers reach back to take load of 
rear litter bearers
 ▸ Back two litter bearers come off litter, go past 
obstacle to front of litter, reach back to grasp head 
litter
 ▸ New front left litter bearer, now new Litter 
Captain, calls: “Ladder!” 
 ▸ Without moving their feet, litter bearers slide litter 
forwards a couple of feet

 ▸ Second Ladder: 
 ▸ Same as first ladder with new Litter Captain

 ▸ Third Ladder: 
 ▸   Same as first and second ladder with new 

Litter Captain
 ▸ New Litter Captain says “Forwards!” Team 
continues carrying litter as before 

 ▸ Toenailing Up or Down a Slope: 
 ▸ Same calls and procedures as laddering
 ▸ Difference: press the head of litter into slope 
(“toenailing”)

 ▸ Paving, Turtling and Lap Pass: 
 ▸ For cave passage or ravine or area filled with large 
rocks (talus)
 ▸ Paving: put people in holes in which mobile 
patient or litter team member might fall
 ▸ Turtling: for narrow low passage, having someone 
crawl under the litter
 ▸ Lap pass is for narrow crack: people sit and pass 
the litter across laps. 

 ▸ Can use tag line (short rope) on litter head, or load 
straps, to lift or drag litter

I m p o r t a n t  P o i n t s
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You repeat this simple process over and over until 
you’re past the obstacle. For a single downed tree, this 
only has to be repeated three times. But, if you’ve got 
a bunch of downed trees right together, you may do it 
quite a few more times.

You can use laddering for any obstacle, including 
rocks, and you can use it to get up or down short, steep 
slopes, in which case we call it…

Toenailing 
 Field III 

The term toenailing is derived from carpentry. 
Toenailing, also known as skew-nailing, is when you 

are nailing an upright 2x4 end on to a 2x4 flat on the 
floor. Carpenters do this all the time, over and over, to 
create studs for a house wall. You drive the nail in at an 
angle, through the end of the upright into the 2x4 on the 
floor. 

When you have to go up a short, steep slope, you can 
ladder up the slope. Except that you hammer the head 
of the litter into the ground – well, no, you actually 
just gently place the head of the litter up against the 
slope, then the the Litter Captain calls “Ready to 
Ladder!” and the back two peel off and work around 
to the front and if you’re the new Litter Captain you 
call “Ladder!” once your partner is ready. And then 
everyone lifts the litter a bit – it takes a bit of practice 
not to lift it too much – and the slides it forwards, and 
toenails it into the slope again.

OK, this is when you really need to say it: “I am not 
going to move my feet.” Because if you move your feet 
while toenailing, then you will lose your balance, and 
you will fall, dragging the litter and the whole litter team 
down with you. 

When you’re laddering across an obstacle, at least on 
the far side, you can start getting sloppy and moving 
your feet, and nothing bad will happen. Usually. But if 
you develop this bad habit, the next thing you know, 
you’re toenailing on a slope, and then you move your 
feet and kablooey, down you all go. 

Say it: “I am not going to move my feet. I am not 
going to move my feet.”

Paving, Turtling and Lap Pass 
 Field II 

Paving and turtling and lap passes have little to do with 
laddering or toenailing except that each is another way 
to move the litter through a difficult bit, especially in 

Litter Captain: “Stop! Ready to Ladder!” Middle bearers 
reach back, accept rear load; they do not step back.

Litter Captain: “Ready to Ladder!” Middle bearers reach 
back to accept  the rear load. They do not step back.

Litter Captain: “Ready to Ladder!” Middle bearers reach 
back to accept  the rear load. They do not step back.

Two rear bearers peel off, go to front. New Litter 
Captain: “Ladder!” Team passes basket forward.

Two rear bearers peel off, go to front. New Litter 
Captain: “Ladder!” Team passes basket forward.

Two rear bearers peel off, go to front. New Litter 
Captain: “Ladder!” Team passes basket forward.

Litter Captain: “Forwards!” The litter is again under way. 
This may be done with more than 6, as with rotation.

From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 
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caves, or in a canyon or at the base of a cliff where large 
boulders called talus form a talus field,

When a patient is assisting with the rescue, a standard 
thing is to fill holes with people. Yes, we can put a seat 
harness on the patient, even though it’s not a technical 
route. Yes, we can put short fore-and-aft tag/belay lines, 
and sometimes we pull tension on the front or back 
belay line to secure the patient as he or she is crossing a 
tricky bit. 

But to keep the patient or a member of the litter team 
from going splat, even a little bit, it’s standard to put 
someone in holes the patient might fall into. Sometimes, 
a team member’s shoulder or upper back or hands can 
provide a foothold for the patient. If it’s a 4-5’ deep (~1.5 
m) hole you can even have people in the hole hold their 
hands over their heads to help pass the litter.

We call this paving. Which brings up the question: 
what about simply moving rocks to “pave the way”? 
Moving rocks is hard and takes several people if you’re 
moving big rocks. There are also good and bad tech-
niques for moving rocks, and unless you move rocks on 
a regular basis, you may not be able to tell the differ-
ence. Consult someone who moves rocks on a regu-
lar basis, such as on a trail-maintenance crew, if you 
want to learn how. But if you don’t know how, and the 
rocks are big, it’s probably not worth the risk of creat-
ing another patient. Modifying cave passage to make it 
easier to move the patient, such as using a rock saw, is 
an advanced topic beyond the scope of this chapter.

Too, cavers tend to be rabid conservationists. Given 
the incidents of bat-related aerosol rabies in caves, let’s 
reword this: they are strong conservationists. So modify-
ing cave passage is frowned upon, unless it’s really, really 
needed. So for many reasons, people are used much 
more than rocks as rescue pavers.

Paving’s not turtling, though it’s sort of related: they 
both involve putting team members under the patient. 

Turtling is for a litter evacuation. It’s for narrow crev-
ices where there just isn’t room for litter bearers on each 
side. Someone – ideally with knee pads – gets on hands 
and knees with the litter on his or her back and crawls. 
Pretty undignified, but effective. Since you can lock your 
elbows and knees, you’d be surprised at the amount of 
weight you can carry this way. Sometimes, for a hole in 
the floor of the crevice, you can, just as described above, 
get on your hands and knees and just stay still while 
the litter slides across your back. Indeed, you may find 
two or three people’s strong backs (literally) filling the 
hole and allowing the litter to slide across. If the passage 
gets smaller, you may need to switch from a hands-
and-knees crawl to a belly-crawl; we term this snaking. 
(Some people refer to this as high-turtling and low-tur-
tling but turtling and snaking seem more descriptive.)

Toenailing 1: Litter Captain: “Ready to ladder!” Peel off and head to top.

Toenailing 2: New Litter Captain: “ladder!” Pass the litter up. Don’t jerk!

Toenailing 3: Repeat as many times as necessary. 

You may reverse to go downhill, but as in climbing downhill, go 
slower and more carefully, as gravity multiplies mistakes.

From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 
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Turtling
Courtesy Eastern Region, National Cave Rescue Commission, used with permission

Half-Pass
Courtesy Eastern Region, National Cave Rescue Commission, used with permission

Snaking
Courtesy Eastern Region, National Cave Rescue Commission, used with permission

Paving
Courtesy Eastern Region, National Cave Rescue Commission, used with permission

Lap Pass
Courtesy Eastern Region, National Cave Rescue Commission, used with permission

Centipede
Courtesy Eastern Region, National Cave Rescue Commission, used with permission
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Line Drag
Courtesy Eastern Region, National Cave Rescue Commission, used with permission

Laddering Past a Constriction
Courtesy Eastern Region, National Cave Rescue Commission, used with permission

Crawl Drag
Courtesy Eastern Region, National Cave Rescue Commission, used with permission

Line Pass
Courtesy Eastern Region, National Cave Rescue Commission, used with permission

Laddering Over a Crevice
Courtesy Eastern Region, National Cave Rescue Commission, used with permission

1. Six-Person Carry

2. Two People Break OFf and 
Pass the Obstacle

4. Two More People Break Off 
and Pass the Obstacle3. Pass the Litter Forwards
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Then there’s the centipede: like a turtle but with two 
short people under the litter. There also the line pass: 
people lie on their backs and pass up their bodies. 

Another related technique, particularly useful in can-
yons and keyhole passages of a certain (and common) 
size, is the lap pass. You get a line of rescuers to sit cross-
ways in the passage, with their feet (or, for smaller pas-
sages, their knees) planted on one side, and their butts 
on the other. It’s sort of like paving, in that the rescuers 
bridge a hole in the bottom of the passage. However, in 
this case, the rescuers can use their hands to slide the 
litter across their laps. Sometimes you can do a half pass 
– for a passage with a shelf along one side, some people 
standing on one side, some people sit on the other. 

Sometimes you may not be able to hold the litter 
directly, just due to the configuration of the crevice 
or cave passage. You can sometimes use load straps 
to stand well above the litter but still contribute to its 
movement; we call this a sling carry. There’s the crawl 

drag, where you use people in a webbing harness, like a 
team of horses, to drag the litter through a crawlway. 

In the mid-Appalachian area cave rescues, or por-
tions of them, tend to be either horizontal or vertical.  
“Horizontal” cave is usually not very technical, but it 
tends to not be all that “horizontal” either. It’s not like 
above-ground where you can stand up straight and walk 
along a trail for a while. There are crawlways, there a 
passages where you have to stoop, and there are lots of 
little ups and downs. 

We often attach a tag line of about 30 feet (10 m) or so  
to the head of the litter, sometimes another one to the 
foot of the litter. We use it for extra support more than 
a formal belay. It tends to change every few feet: up, 
down, sideways, crawl, push, pull. 

There is a danger to a tag line: the temptation to use 
it beyond its capacities, which is why we tend to keep 
them short. But tag lines are so helpful that a 15 m (50’) 
8 mm rope is in my cavepack, just in case; it will work 
doubled for a short “real” belay.
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M u s c u l o s k e l e t a l  F i r s t  A i d 
 Field II 

Doing wilderness search and rescue, especially a litter evacuation, is 
an invitation to back strains, twisted ankles, and miscellaneous bumps 
and bruises.

Let’s discuss some general principles for treating minor musculoskel-
etal injuries. First, let’s ask some questions and get some answers, 
maybe destroying a few myths along the way. References to the litera-
ture are at http://www.conovers.org/ftp/NOTEBOOK/PAIN.pdf and 
http://www.conovers.org/ftp/NOTEBOOK/O-ANKLE.pdf. 
 · Is the over-the-counter (OTC) dose of the NSAIDs (non-steroidal 

anti-inflammatory drugs) ibuprofen (Motrin) or naproxen (Aleve) as 
good as the higher prescription dose (for musculoskeletal injures)? 
Yes. [For a few problems like gout higher doses help more.]

 · Are NSAIDs (in OTC doses) stronger than acetaminophen 
(Tylenol)? Yes, about twice as strong.

 · Are acetaminophen and a NSAID combined superior to either? 
Review of literature says yes.

 · Are ibuprofen, and, particularly, naproxen, safer than prescrip-
tion NSAIDS as far as cardiovascular (myocardial infarction/heart 
attack) and cerebrovascular (stroke) risk? Yes, ibuprofen (Motrin, 
Advil, Nuprin) poses no risk of stroke or heart attack at OTC doses, 
and naproxen (Aleve) poses no CV risks even at higher levels; it’s 
the only NSAID that is safe at those high doses. All prescription 
NSAIDs, including Motrin at higher doses, make you more likely to 
have a stroke or a heart attack, especially if you have the flu. And I 
prefer naproxen because it’s twice a day instead of ibuprofen’s four 
times a day. There are also increased stomach ulcer and kidney 
failure risks for larger doses of NSAIDs. 

 · Many years ago, one of our 3rd-year residents prescribed a healthy 
young heavy-drinking guy Motrin (ibuprofen) 800 mg three times 
a day for a week for a sprained ankle. When the patient came back 
because he lost his AirCast and saw the same resident, he suddenly 
vomited blood onto the resident’s shoes. (Ibuprofen is known to 
cause bleeding gastric ulcers.)

Bottom line: naproxen (generic Aleve) and acetaminophen (generic 
Tylenol) together make a good combination for acute pain. 

However, NSAIDs including naproxen (generic Aleve) and ibupro-
fen (generic Motrin, Advil, Nuprin), even at over-the-counter doses, 
probably  interfere with healing, so for ongoing pain, acetaminophen 
(generic Tylenol) is a better choice.  

What about other things for a boo-boo? People talk about RICE treat-
ment (Rest, Ice, Compression, Elevation). Some extend this to PRICE, 
adding protection to the front of the list. 
 · Protection and Rest. 
 · There’s good evidence that a device like an Air-Stirrup (made by the 

AirCast company) will speed healing of ankle sprains. It’s a splint 
for the ankle ligaments, particularly the anterior talofibular liga-
ment, the most commonly sprained. It keeps you from re-injuring 
the ankle while it’s healing. It’s a great advance in the management 
of ankle sprains; used to be you had to be non-weightbearing on 
crutches for a couple of weeks for an ankle sprain. But with an air-
cast (that’s what everyone calls it) you can get back on your feet and 
carry a litter again sooner than non-weightbearing on crutches. 

 · Splinting is probably good for other boo-boos as well, at least for 
a short time, but getting back active again is important to healing 
more quickly.  If overdone, rest can result in stiffness. That’s why 
people with most radial head fractures at the elbow get no splint, 
and are told to leave the sling on for only three days, then start 
moving the elbow so it doesn’t get stiff. Or, with some shoulder 
injuries we tell people to take the shoulder out of the sling several 
times a day to do passive range of motion exercises, to keep the 
shoulder joint cartilage from sticking and causing a stiff shoulder. 

 · Ice
 · Ice is great for immediate pain relief, if you don’t overdo it and 

cause frostbite. A bit of cloth between the ice and the skin is a good 
idea. 

 · You may have heard some recent comments about ice being bad 
for boo-boos; Gabe Merkin, who coined the RICE mnemonic in his 
Sportsmedicine Book in 1978, pointed out that ongoing icing of an 
injury doesn’t help healing and may delay healing. Merkin says that 
ongoing ice - as well as ongoing rest, or NSAIDs like ibuprofen, 
though they’re OK at first - may delay healing, as they all interfere 
with the inflammation, which is an immune response that is neces-
sary for healing. He recommends ice for no more than 6 hours after 
an injury. 

 · Compression
 · Compression with an elastic bandage such as an ace wrap (which 

is now pretty much a genericized trademark in the US, like kleenex; 
it’s a tensor if you’re in Canada) is supposed to decrease swelling, 
and some of the pain presumably comes from the swelling. There 
is also good evidence that for minor ankle sprains (Grade I or II, 
meaning mild or moderate), the combination of an ace wrap and an 
aircast is about twice as good as an aircast or ace wrap alone. 

 · Elevation
 · Elevation hasn’t been studied well. But as I explain to patients: 

“Swelling causes pain. Swelling is water. Water flows downhill. 
Elevation is good. If you hang by your toes from the ceiling like a 
bat, your swollen ankle will hurt less.” It gets a laugh but gets the 
point across.

 · How long do you elevate it for? You elevate it until the swelling is 
gone, which may take days to weeks. Longer is better.

http://www.conovers.org/ftp/NOTEBOOK/PAIN.pdf
http://www.conovers.org/ftp/NOTEBOOK/O-ANKLE.pdf
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Litters and Improvised Evacs 

Litters 
 Field II 

There are hundreds of types of stretchers and litters for 
carrying people. Some are suited to wilderness search 
and rescue, others like ambulance cots and hospital 
gurneys not so much. “Stretcher” specifically refers to 
canvas stretched between two poles, which is not a good 
way to evacuate someone from the backcountry, so we 
will henceforth talk about litters. Litter comes from the 
Norman French litere, which referred to a bed or couch 
in which people were carried by slaves or servants, 
popular with the rich since ancient times. They were the 
Lincoln Town Car limousines of the time. But they were 
also used to carry the ill or injured. 

The standard for most search and rescue teams, at 
least in the Appalachian mountains of North America, 
is the Stokes navy wire basket litter, or “Stokes” for 
short. Or more properly, that used to be the standard. 
Now there are lots of variants. The design has morphed 
a bit since Stokes invented it about a hundred years ago, 
but not all that much. 

In its original incarnation, Charles Francis Stokes, 
Surgeon General for the US Navy from 1910-25, 
designed it for evacuating the injured out of war-dam-
aged battleships, through narrow passageways (hall-
ways) and up narrow companionways (stairways). It was 
quickly adopted for land search and rescue as well. 

In its original conception, it was a coffin-shaped 
frame of welded steel pipe, with two steel runners along 
the bottom. This outer steel framework (later avail-
able in aluminum, and now even titanium for rich 
teams) was load-bearing, and could be used to haul the 
patient with ropes. Inside this was a non-load-bearing 

inner basket of smaller solid steel stock in the shape 
of a basket, with steel chicken-wire fencing lining this 
inner basket. This provided a secure basket for trans-
porting the patient. The wire basket had advantages for 
shipboard; it wouldn’t fill with seawater. And it worked 
pretty well on land, as well. It could be rigged for sem-
tech evacs with a rope on the head, or via a spider for 
vertical hoists. 

The Navy still uses wire-basket Stokes litters, although 
the chicken wire is coated with plastic. Having lots of 
holes lets water through but not the patient, which is 
good on a ship in the middle of lots of water that some-
times gets into the ship. Sort of like a colander and the 
patient is the pasta. 

Some Stokes litters had leg dividers so you could 
splint the legs to the basket separately, but many teams 
cut these out as they made it difficult to package the 
patient for a cold-weather evac. And back when we 
thought backboards actually had a use, you couldn’t put 
a backboard on top of the leg divider. Some had some 
wooden slats under the chicken wire to provide more 
back support.

Bru Randall tells of a 1975 rescue in Schoolhouse 
Cave in West Virginia, regarded as one of the most 
technically-difficult caves in North America. For a back-
board, they used a 1”x12” plank, cut with a saw it to fit in 
the divided-leg wire Stokes, and used holes drilled in the 
edges and 1/2” webbing to strap the patient to it. 

As they became use more for land SAR than naval 
use, Stokes litters were modified in different ways. The 
first major modification was the two-part Stokes; it 
broke down at the waist, and you could stack the two 
parts and carry it over a rucksack. The Appalachian 
Search and Rescue Conference’s Blue Ridge Mountain 

 
 ▸ Original wilderness rescue litter: Stokes Navy Wire 
Basket Litter (“Stokes”) with chicken-wire basket
 ▸ Some litters have plastic baskets
 ▸ Ferno model 71 preferred for cave rescue as smooth 
bottom of plastic basket slides well
 ▸ Sked less protective, is thick flexible plastic sheet, 
but preferred for tight spaces
 ▸ Akjas are sled type litters used on ski slopes
 ▸ Litter wheels 
 ▸ Relieve strain on litter bearers
 ▸ Are heavy and bulky
 ▸ May provide rougher ride for patient

 ▸ ATVs (all-terrain vehicles, “quad-runners”) 
 ▸ Can carry a patient
 ▸ Very dangerous
 ▸ Rough ride can worsen traumatic injuries

 ▸ Improvised Litters: 
 ▸ Rope stretcher
 ▸ Stretcher from two poles and either blanket or two 
parkas
 ▸ Piggyback carry using a sling, or rope coil and bit 
of webbing
 ▸ Pole across two people’s packstraps

I m p o r t a n t  P o i n t s
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Rescue Group had one the first of these and we man-
aged to break it fairly quickly. 

Later, the chicken wire basket was replaced by plastic 
baskets. Maybe not so good for the high seas, but better 
for land SAR. Patients weren’t getting poked with sticks 
and rocks through the chicken wire. And with a plastic 
bottom, you could slide it on snow in the winter, or 
on mud and dirt in a cave. They also floated in water. 
Plastic Stokes also eventually came in two-part versions. 
The ASRC’s Shenandoah Mountain Rescue Group got 
one of the first of these from Ferno. the Model 70-S. It 
broke into its two parts the first time we used it. Two-
part Stokes have since improved markedly and are now 
highly reliable. 

Some litters with plastic baskets have rails across the 
bottom that keep it from sliding on snow, or across dirt 
and rocks in caves. For that reason, the Ferno Model 71 
Basket Stretcher, the non-split version, which is quite 
smooth across the bottom and the sides and slides very 
easily, is the standard cave rescue litter in the USA. 

To get some idea of the many types of litters used for 
wilderness rescue, take a look at the pictures on page 
187 and following in the National Park Service Technical 
Rescue Handbook at https://mra.org/wp-content/
uploads/2016/05/nps-technical-rescue-handbook-2014.
pdf.

Extras: Wheels, Akjas, ATVs 

Many devices are supposed to make it easier to evacuate 
a litter to the roadhead. The most common is a wheel.

Seems to me that about half the wheels I’ve seen are 
homebrew designs, and half are store-bought. There’s a 
frame that attaches to the bottom of the team’s favorite 
litter, with a wheel on the bottom. Sometimes the wheel 
is a mountain bicycle wheel, sometimes it’s smaller in 
diameter but thicker, like a large wheelbarrow tire. 

Wheels have some advantages. Having the weight on 
the wheel means that, if you’re on a nice, level trail, you 
only need a couple of people to push the litter along the 
trail, and help the wheel over rocks and roots. 

There is one place where, during the busy season, a 
wheel is used every week or so. Shenandoah National 
Park in Virginia is one of the busiest national parks. It 
has a two-lane road, Skyline Drive, running the length 
of the park, fairly closely following the ridgeline of the 
Blue Ridge Mountains. 

Near Big Meadows is one of the most popular attrac-
tions in the park, Dark Hollow Falls. The round trip to 
the upper falls is only 1.4 miles. Many people, including 
those who are quite elderly or debilitated, try this trail. 
As you can see from the map, it’s an ideal suck-in trail. 
It starts descending very gradually, and indeed the first 

portion of the trail is paved. But then, there’s no more 
paving, and it descends more steeply. So inevitably 
someone gets to the falls and can’t make it back up. No 
injury, no illness, just can’t get back up a 0.7-mile trail. 

Luckily, the fire cache with rescue equipment is right 
there at the ranger station about a quarter mile away. 
And there’s a litter with a wheel. And this trail is ideal 
for a wheel. (Though sometimes enterprising Rangers 
just bring a set of crutches to see if that will let the 
person self-rescue.) If you’re counting the number of 
rescues you’ve done, working at Big Meadows is a way 
to build up your numbers rapidly. 

Stokes (Navy Wire Basket) Litters, USNS Comfort Access Corridor

I worked at a disaster field hospital in San Juan after Hurricane Maria struck Puerto 
Rico. The USNS Comfort hospital ship was docked right next to us and provided ICU 
beds, a surgical suite, X-rays and a CT scanner. Our multi-tent hospital served as an 

Emergency Department for the Comfort. The captain was nice enough to give us a tour.

https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-handbook-2014.pdf
https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-handbook-2014.pdf
https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-handbook-2014.pdf
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There are disadvantages to litter wheels as well. It’s 
something else you have to carry, and even the light-
est ones are pretty heavy. It’s something else to break. 
And, despite manufacturer’s attempts to soften the ride, 
unless you’re on a totally flat trail, it’s still pretty bumpy 
compared with a litter team carryout. Try being the 
victim in the litter on a wheel sometime and you’ll see. 
If you are making recommendations for a patient with 
a likely spinal injury, pelvic fracture or femur fracture, 
you might recommend against using a wheel unless it 
was on a nice, flat trail like the Dark Hollow Falls Trail. 

As far as brand and type of litter wheel, search the 
web for online discussions. If you have something like 
Dark Hollow Falls in your backyard, then one of the 
wheels with a large frame with handles might be best. 
If you’re planning to carry the wheel on your back five 
miles into the backcountry, then one of the lighter mod-
els without handles might be best.

“Akja” is a European term, where the device origi-
nated, for a sled-stretcher designed for use by skiers. 
In the USA, they tend to be called “rescue toboggans.” 
Long used for rescue on downhill ski slopes, akjas have 
also occasionally been used in other SAR situations 
as well. Tyromont in Austria still manufactures rescue 
sleds they call by the name akja. A boat-shaped sled, 
it has two rigid rods with handles on the ends stick-
ing out from each end. An akja is easy for two skiers to 
manage down a slope. Though modern plastic Stokes 
litters are fairly easy to slide across the snow, akjas have 
actual runners underneath, designed to let the stretcher 
ski down the slope like a skier. Some even have special 
chain-brakes or other brakes that you can engage to 
slow the akja’s descent. Nothing works quite so well on a 
snow slope as a true akja. 

You can get handles to attach to certain Stokes-type 
litters that make them akja-ish, but these are designed 
more for ease of carrying than for use on a snowy slope. 
You can also get shoulder harnesses that attach you to 
either end of the litter. Having played a bit with both of 
these,“we are not amused.” Given how often we have to 
rotate litter bearers even when there are six of us, and 
even if we’re using load straps, the idea that two people 
could carry a litter very far in the backcountry seems 
difficult to fathom. Maybe if you had two Olympic 
weight-lifters on the team it might be worth getting 
these. Load straps have the advantage that you can 
continuously lengthen and shorten them as you move 
over obstacles and through holes, up and down relative 
to the litter.

In addition to plastic Stokes litters and akjas, you 
can evacuate people down, up or across snow slopes 
many other ways. Simple drag sheets can work, if you 
rig properly with webbing, but if the webbing extends 
under the drag sheet, it will prevent such an improvised 

Stokes litter suspended from claw of log skidder in logged-over area.
Courtesy of Terry Detsch, Elkland Search and Rescue, used with permission

SKED with Tag Line Belay for Cave Rescue at Pieper’s Cave, National 
Cave Rescue Commission Orientation to Cave Rescue Class, 2018
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sled from sliding on the snow. A Sked (a heavy but 
somewhat flexible roll of plastic about 1/4” thick) works 
quite well in snow. A plastic Stokes is the most versatile, 
as it will slide across snow but is also easier than an akja 
or Sked to carry across rocks or other obstacles.

In cave rescue, there is a lot of sliding the litter, so 
a plastic Stokes with a smooth bottom is the standard 
cave rescue litter. For small passages in a cave, a Sked 
is sometimes used, and sometimes once the Sked and 
patient are out of the narrowest part of the route out, we 
simply put the Skid into a plastic Stokes to make it easier 
to carry in big passage.

A few notes about using Skeds in confied space like a 
cave. First, you need a helmet on the patient. Make sure 
the helmet doesn’t have a battery pack on the back that’s 
going to crank the patient’s neck and thrust the patient’s 
head forwards. To avoid crushing the patient’s shoulders 
and chest, you need to put in a shoulder-level spreader 
bar. 

The section on Spinal “Immobilization” on page 61 
tells us that spinal “immobilization” is a basically a 
bad idea, but there is a device called an Oregon Spine 
Splint, which is basically a flexible half backboard with 
rigid slats in it, that many rescue teams keep with their 
Sked. Putting it in a Sked before putting the patient in, 
without trying to use it to “immobilize” the spine, does 
provide some protection to the patient’s back when the 
Sked rests on a rock.

For a review of several other rescue litters, please take 
a look at page 187 and following in the National Park 
Service Technical Rescue Handbook at https://mra.
org/wp-content/uploads/2016/05/nps-technical-rescue-
handbook-2014.pdf.

Finally, ATVs. (All-terrain vehicles, “quadrunners.”) I 
have to admit I’ve not been impressed with the util-
ity of ATVs or “dirt bikes” (off-road motorcycles) for 
SAR. Sometimes an ATV can get a team into an area 
a bit quicker than walking, but at a much higher risk 
of injury. ATVs are very dangerous. The Consumer 
Product Safety Commission estimates that in 2010, 
726 people were killed in ATV accidents, and 115,000 
people were injured enough to go to the ED. I work at a 
Level I Trauma Center and we get people flown in from 
ATV accidents all the time, and they are usually pretty 
mangled. 

I’ve seen eager ATV users strap a Stokes litter 
sideways on the back of an ATV. From a risk/benefit 
standpoint, you should  recommend against this, unless 
a medical professional at the scene has recommended 
it because a few minutes might make the difference 
between life and death. 

The one situation where ATVs shine is in body 
recovery. There isn’t the urge to hurry, so the driver’s less 
likely to get hurt, and we’re not worried about injuring 

of killing the patient. Using an ATV this way can reduce 
the risk of injury by sparing a litter team the carry-out.

You can get trailers to tow behind an ATV, which 
seems somewhat safer for a litter patient. But the ride 
is awful and you should recommend against it if the 
patient has sustained any significant trauma. The jounc-
ing could aggravate problems such as a pelvic fracture 
or solid-organ injury bleeding enough to kill a patient.

In many cases where it’s tempting to use an ATV, a 
regular four-wheel-drive ambulance or other vehicle 
might be able to provide a much safer transport for the 
patient.

Terry Detsch of Elkland Search and Rescue provides 
us with a picture of one of the more unusual vehicles 
used to transport a litter patient: a log skidder in with 
a Stokes litter attached to the claw with a vertical-type 
bridle. 

And dirt bikes? I have never even heard of an opera-
tion where there were more benefits than downsides to 
dirt bikes. My favorite example of this is the 72-year-old 

Akja on a Ski Slope  
Via Wikimedia Commons, Creative Commons Attribution-Share 

Alike 2.0 Germany license. courtesy René Kieselmann

Big Meadows, Central Section, Shenandoah National Park.
Shows Dark Hollow Falls Trail (noted as HogCamp Tr on this old map) and nearby Big 
Meadows Ranger Station where NPS Rangers must respond to people who walk down 
to the falls and then can’t make it back up the mostly-paved trail.  

Public domain, U.S. Geological Survey. 

https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-handbook-2014.pdf
https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-handbook-2014.pdf
https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-handbook-2014.pdf
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man who was hiking in the Mount Rogers Wilderness 
Area in Virginia, got separated from his wife in the 
fog, and was lost for seven days. The local sheriff 
insisted that the local dirt bike club be able to help. 
When I was talking with him after we found him, he 
said the only time during the whole ordeal where he 
was really scared, and was worried for his life, was 
a couple of days before we found him, when he was 
almost run over by one of those dirt bikes, whose 
rider didn’t see him. 

When working as a National Park Service Ranger 
along the C&O National Historical Park, in the vicin-
ity of Harper’s Ferry, WV, I used to rid a Honda Trail 
90 on patrol. As a patrol vehicle, there were advan-
tages: I could navigate the canal towpath at a low 
speed, even the difficult sections, but could get out on 
the open road and ride at highway speeds at need. But 
these trail bikes made almost no noise, so you actually 
might hear someone calling for help before your rode 
past them. Or over them. Now mountain bikes – non-
motorized mountain bicycles – are different. But that 
is a topic for search, not rescue, and we will defer it to 
another chapter.

Improvised Litters and Carries
 Field II 

Sometimes, you may need to do an evacuation with-
out your favorite stretcher. So you’ll have to do the 
best with what you’ve got. 

Injured or ill people have been carried on all sorts 
of things. Doors are often used as impromptu stretch-
ers after a disaster, and it’s somewhat better than 
dragging someone by the collar across the ground. 
Speaking of dragging someone by the collar, I once 
was the recipient of such a patient.

We had a bad ice storm in Pittsburgh during morn-
ing rush hour. None of the ambulances were able to 
get across the bridges, and hundreds and hundreds 
of people fell and broke various parts of their bony 
anatomy. In terms of number of patients presenting 
to the ED in a short time, it was the worst disaster 
Pittsburgh had in about 50-100 years. One man was 
a few blocks from our Emergency Department, and 
found a woman who had fallen and broken her hip. 
He carefully used a scarf to tie her legs together, and 
then grabbed her collar, and then, on hands and 
knees, dragged her to the ED. She slid very well on the 
ice, and the slight traction on her legs was probably 
good for the hip fracture. Unfortunately, he left before 
we were able to get his name and thank him for such a 
well-done rescue. 

Poles and Blanket Stretcher
Public domain via Wikimedia Commons, US Navy Hospital Corpsman Training Manual

Poles and Jackets Stretcher
Public domain, U.S. Marine Corps

Rope Stretcher
© 1992. Reprinted with permission of the publisher from Mountaineering: The Freedom of the Hills, 

5th edition, edited by Don Graydon, The Mountaineers, Seattle, WA. All rights reserved.
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Poles and Blanket or Parkas

Are there any better improvised litters for SAR, or even 
in disaster settings? Yes. you can make an improvised 
stretcher out of two ~9’ poles and a blanket or two 
parkas. If you do it with two parkas, you can leave a 
few inches of pole free between the parkas, allowing six 
people to carry the stretcher. This actually makes a fairly 
good stretcher that is not all that hard to carry, and 
fairly comfortable for the patient. In a forested back-
country setting, you can cut down a couple of saplings 
(young trees) about 3-4” in diameter and use them as 
poles. I know that many SAR people swear by their 
Leatherman tools, but I’m really fond of my Victorinox 
Swisschamp Swiss Army knife. It has a great crosscut 
saw that will saw through such saplings in just a minute 
or two. A pocket chainsaw with nylon straps on either 
end is also a lightweight tool that will quickly cut such 
poles, or bigger poles, and makes a good addition to that 
little survival kit you carry in your pack. It works far 
better on green wood than a wire saw, and is available 
cheaply online. (You do carry a little survival kit in your 
pack, right?)

For a blanket-and-poles stretcher, lay the blanket on 
the ground. Place the poles on the blanket, as far apart 
as the patient’s hip width or a couple of inches closer 
together. Leave an equal amount of blanket outside the 
poles on both sides. For this stretcher, you want the 
poles close together, and having the poles a little bit 
under the patient’s shoulders makes it more comfort-
able for the patient and easier to carry. Fold the sides of 
the blanket over the poles. The weight of the patient will 
increase the friction on the two thicknesses of blanket 
on the top, and prevent the blanket from slipping off the 
poles.

A few caveats about this. Again, as above, keep the 
poles close together. If you do as some texts recom-
mend, and place the poles so as to divide the blanket 
in thirds, the stretcher may be too wide, causing the 
patient to roll around on it, making it very hard to carry. 
And, if you keep the poles close together as I recom-
mend, you may have more than enough blanket to actu-
ally wrap around the poles a couple of times. It’s a little 
complicated to do this, but a bit of work will get it right. 

You can carry such a litter with one litter bearer on 
each end, which is a great way to destroy the litter bear-
ers’ backs. Or, you can have four litter bearers, one on 
each handle, which is better. If you want six litter bear-
ers, which is optimum, then cut away a bit of the blanket 
over the middle of each pole to provide a handhold for 
the middle litter bearers, and maybe for a load strap as 
well. 

Bru Randall tells of teaching this technique to Boy 
Scouts and Girl Guides at a boarding school in Kenya 

when he was there as part of the Peace Corps. He says 
they used poles-and-blankets stretchers multiple times 
to carry a sick or injured person to a medical clinic a 
kilometer away. 

There is an elegant variation of this known as the 
parkas-and-poles stretcher. Take two parkas, turn the 
sleeves inside out, then zip them up. Lay them on the 
ground, heads apart, and about 8-10” between them. 
(This leaves handholds in the middle of the poles.) 
Pass the poles through the sleeves. Voilà! Great unless 
you have someone tall, in which case you can use three 
parkas. 

Rope Stretchers

It is easy to make a stretcher out of a climbing or caving 
rope, though a bit time-consuming. Zigzag the rope on 
the ground, so that it is about as wide as the patient’s 
hips – a common error is to make this too wide, which 
makes it hard to carry. Try to make the zigs and zags 
precisely the same length. It’s also best to make it no 
longer than the patient. Your zigzags should use up 
about half the rope.

Next, run the rope around the edge of your stretcher, 
putting a clove hitch around each of the zigzag bight 
ends. This is where you need to take care to not make 
the stretcher too long. Keep pulling the outside rope 
taut, to judge the length. 

Now, run the remainder of the rope around the 
edge of your stretcher, going through each of the loops 
formed by the slipped overhands. You now can place the 
patient on the stretcher and carry via that last rope you 
looped around the edge of your stretcher. If and when 
you can run some poles through the loops sticking 
through the clove hitches, do so, as it will make it much 
easier to carry. 

I’ve done this with overhands tied at the end of each 
zigzag, but found that it works better if you do as in the 
diagram, with clove hitches around the end-loops of the 
zig-zags. 

This allows the zigs and zags to self-equalize a bit 
under the patient’s weight. But if you do it this way, 
makke sure the stretcher is no longer than the patient, 
so the patient doesn’t sag in the middle of the stretcher. 

Piggyback Carries

There are a variety of ways to carry someone who is 
not badly injured, at least for a short distance, with just 
one or two people. I have used these enough in SAR 
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and disaster work that I think you should know them 
anyway. 

The prototype of these is the fireman’s carry. If you’re 
big and strong, and the patient is small and cooperative 
(or limp), this works pretty well, at least for a couple of 
minutes. If it’s a 300-lb person, forget it. Unless you have 
a bad back, do try this at home, but with a kid instead 
of an adult. You’re less likely to throw out your back 
and kids generally think it’s a lot of fun. Though if you 
have a bunch of kids there, they will spend the next 15 
minutes doing it to each other.

The technique is simple. There are several variants, 
but here is a good one. Have the kid sit on the edge of 
a bed facing you. (You can do with this with someone 
lying on the floor, pulling the person up to the sitting 
position first, but you’re more likely to damage your 
back that way.) 

Grab the kid’s right wrist with your left hand. Now, 
stick your head under the kid’s right armpit. Stand up 
so the kid is draped across your shoulders. Take your 
right arm and stick it between the kid’s legs, so that your 
elbow is behind the kid’s right knee. Now, transfer the 
kid’s right wrist from your left hand to your right hand. 

You’ve now got the kid draped across your shoulders, 
with your right elbow locking the kid’s right leg onto 
you, and with your right hand locking the kid’s right 

wrist and arm onto you. You can now walk, and your 
left hand is free to steady yourself on the ladder (this 
is a fireman’s carry, after all) or on trees or rocks or 
whatever.

This is clearly an “I’m going to get you out of here 
right now or we’re both going to die” sort of carry. Are 
there better carries? Yes.

If you’re going to carry someone for a long way by 
yourself, it’s probably better to use some sort of piggy-
back carry. Indeed, a standard piggyback carry – patient 
on your back, with their arms around your neck, and 
their thighs on your iliac crests (hipbones) – is not too 
bad if you have an awake and cooperative small patient. 
But you have to hold onto the patient’s thighs to keep 
them from slipping off your iliac crests, which rapidly 
becomes tiring. However, the patient is balanced on 
your back like a pack, which is probably the best way to 
carry a heavy load by yourself.

There are certain caveats – this is only suitable for 
a patient who is medically stable enough to be carried 
sitting up. That means the patient has to be reasonably 
well-hydrated, as dehydrated patients can get hypo-
tensive (low blood pressure) or even faint from sitting 
up. Extremity fractures are OK, as long as it is distal to 
(further away from the center of the body) the elbow or 
knee, and you’ve splinted the extremity. You can do this 
carry while the patient is asleep. I’ve done so, and the 
snoring can be very irritating while you’re struggling 
over difficult terrain. It’s probably appropriate for an 
unconscious patient only in a real get-out-now-or-die 
situation. 

There are a variety of ways to fasten a patient onto 
your back, or at least support the patient on your back. 

The most primitive is called a split-coil carry. You 
take a standard mountaineer’s coil (discussed later), 
and “split” it so that it looks like a figure 8, basically two 
separate coils held together by the tie-off. You throw the 
two half-coils over your shoulders, so the tie-off is in 
the middle of your back. The injured climber (I’ve never 
heard of anyone except for climbers trying this) gets up 
on your back, and slips his or her legs through the two 
half-coils. 

In the first draft of this chapter, I said: 
Supposedly this is easier than a plain piggyback carry. 

I have tried this multiple times, with minimal success. It 
might be slightly better than a plain piggyback carry, but 
I personally don’t think so. The loops of the coil keep fall-
ing off your shoulders, and the tieoff is digging into your 
back and into the injured climber’s crotch or belly. I have 
given up on this as a useless technique; I just wanted you 
to have the advantage of my (bad) experiences with this 
technique. If you find it works great for you with some 
trick that I don’t know, please let me know.

Rob Thomas Carried with Split-Coil Carry
Courtesy Rob Thomas, The School for Mountain Leadership, South 

Africa http://www.sml.co.za/; used with permission

http://www.sml.co.za/
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Rob Thomas, a long-time mountain rescue team 
member from South Africa, wrote the following:

Pad your shoulders – I get the patient into the split coils 
with the tie-off in the small of the patient’s back, then put 
them on like a backpack. That has the benefits of not trap-
ping rope between the two people as well as helping to pull 
them in towards the bearer. (See attached pic) 

Use webbing to create a sternum strap. 
My longest evac distance like this has been about 1 km 

of canyon carry (14 y/o school girl). My heaviest has been 
a 105 kg sport climber with compound fx tib-fib (I weigh 
95 kg) down the scramble portion of the approach to a 
climbing area (while on belay). Stretcher arrived when I 
was 50 m further! That one was not fun! It works well if 
the bearer has trekking poles and is confidence-roped1 on 
any terrain even pretending to have a slope to it.

There is an alternate that works extremely well, but 
only if you have a specific kind of lumbar pack made 
by the company Mountainsmith. Some of their lumbar 
packs (“bum bag” or “buttpack” or “fanny pack”) have 
optional “strapettes” that add shoulder straps and a 
sternum strap. The patient simply sits on the lumbar 
pack, which provides a great seat. The hipbelt and 
shoulder straps/sternum strap mean that you’re carry-
ing the patient just as if he or she were a pack. With this 
system, I can carry an unconscious medium-sized kid 
for quite a long time with no discomfort at all. I did this 
several times bringing a sleeping kid out of the wilds of 
central Florida (Disney World). The only downside is 
that you get drool on the back of your neck.

The next-best alternative to having this specific type 
of lumbar pack is tying the patient on your back with 
webbing, using a specific rigging. There are many bad 
ways to do this, but there is one that works well.

I have successfully used this to carry a person, who 
weighed more than I do, up a ravine filled with large, 
wet, moss-covered boulders. I did have another SAR 
team member on either side to help me up over some 
of the boulders, and we did switch off carrying the 
patient every half-mile or so. This was during the same 
operation I tell of in another chapter: a girl who got 
separated from her hiking group on The Priest, near 
Tye River Gap, along the Appalachian Trail in central 
Virginia. This specific backpack-carry rig is as good as 
than the Mountainsmith lumbar pack trick. I’ve also 
used it to rescue a big child, rappelling with him on my 
back. If doing so, a separate seat on the child, tied into 
your rappel rig, is appropriate. 

To do this, you need to try to get the patient sit-
ting up on something a bit higher than the ground – a 
picnic table, a bench, a ledge, a boulder, a stump – and 
then sit down right in front of the patient. You could 

1 Belayed,

get a rescuer down on hands and knees and have the 
patient sit on his or her back. You basically need to start 
in piggyback position, but something needs to be sup-
porting the patient while you do this. 

You need a 20’ (6 m) length of webbing. Flat seat belt 
webbing is ideal and is quite comfortable for a long evac. 
One inch webbing is usable, but fairly uncomfortable. 
A 40’ (12 m) length of 1” webbing, doubled, would be 
better, but not as good as 2” webbing. A 20’ (6 m) piece 
of 1.5” flat black “tent” webbing is in my SAR pack. It it 

6

Piggyback Carry
© 1992. Reprinted with permission of the publisher from Mountaineering: The Freedom of the 
Hills, 5th edition, edited by Don Graydon, The Mountaineers, Seattle, WA. All rights reserved.

Appalachian Trail near The Priest and Tye River Gap, Central Virginia
Public domain, U.S. Geological Survey
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much lighter than 2” seatbelt webbing, and much more 
comfortable than 1” webbing.  You can use it for such a 
piggyback carry, or as a load strap for a litter carry. It is 
not “load-bearing” webbing that you can use for climb-
ing, but it’s fine for a backpack carry or a load strap, and 
less than half the weight and bulk of a similar length of 
2” seatbelt webbing.

Before you sit down in front of the patient, face him 
or her, and place the middle of the webbing in the 
middle of the patient’s upper back. Run the ends under 
the patient’s armpits, then cross them. Now, sit down 
in front of the patient, and take the ends that you just 
crossed, and run them forward over your shoulder like 
shoulder straps. 

Have the patient snuggle right up against your back, 
the tighter the better. Don’t be shy. The two of you are 
going to be tied tightly together for the next hour or so, 
and you need to tie this rig tight. If you don’t, (1) it will 
be uncomfortable for you and the patient, and (2) it will 
start slipping and you’ll have to stop to pull it tighter 
and retie. 

At this point, the patient’s knees should be on either 
side of your hips, and you’ve got the shoulder straps 
in either hand. Run the ends down your side, through 
the patient’s crotch, and up the outside of the patient’s 
thighs. Do not cross under the patient’s crotch. 

Remember: cross before putting on your shoulder 
straps, but do not cross under the patient’s crotch. 

Take those two ends you’ve got that just came around 
the outside of the patient’s thighs, and tie in front of you. 

This is your hipbelt. The patient is now tied to your back 
like a pack. 

The best knot to tie the webbing is a square knot, as 
it’s a binder knot: you can pull it tight, and it will hold 
while you finish the knot. A surgeon’s knot (start with 
two twists instead of one as for a square knot) is a bit 
better, as it binds a bit better, and is easier to take apart.

For ease of use, my 20’ (6 m) 1.5” flat black webbing 
has a Fastex side-release dual-adjustable buckle on it. 
You can get the webbing and dual-adjustable buckles 
online.

This is the type of buckle on large-pack hipbelts; 
you can pull on both of the tail-ends of the webbing to 
tighten. It’s light and easy to use. I can snap the buckle 
together, and pull both ends to tighten. As I start out 
down the trail, I can easily bounce the patient up a bit 
and retighten as needed without having to stop, and 
since you can tighten both ends of the webbing, you can 
keep the buckle centered on your belly. The buckle’s not 
load-bearing in the sense of being suitable for vertical 
rescue, but for holding someone on your back like a 
pack when you’re carrying them along a trail, it’s fine. 
And if you’re using this on a vertical rescue, you both 
should have seat harnesses on. If you absolutely had to 
do a vertical rescue with this and you didn’t have a seat 
harness for the patient, you could take the two ends 
of the webbing coming out of the buckle and tie them 
together with a knot for additional security. I would 
leave enough slack between the buckle and the knot 
that you can grab the webbing and tighten the buckle as 
needed. Tying such a knot might be worthwhile it you 
want additional security in moving over rough terrain, 
even if you don’t need a seat harness or belay. 

One advantage of this sling carry over the split-coil 
carry is that you can carry an unconscious patient more 
easily this way. 

Two-Person Carries

There are lots of ways to carry a patient with two people. 
Most of them are suitable only for carrying someone 
a short distance. The most well-known is a “chair” 
carry. Two rescuers face each other and grab each 
other’s wrists, left hand to right hand and vice versa. 
The patient climbs into the chair formed by the linked 
arms, thighs on one set of clasped arms, back against the 
other, and arms draped around the rescuer’s necks. 

But carrying someone this way is awkward; rescu-
ers’ backs are bent, and you’re trying to walk sideways. 
There is a variant where you clasp all four hands/wrists 
together, and the patient sits on these. I’m not sure I see 
any advantage to this. 

Pole and Packs Carry

© 1992. Reprinted with permission of the publisher from 
Mountaineering: The Freedom of the Hills, 5th edition, edited by Don 

Graydon, The Mountaineers, Seattle, WA. All rights reserved.
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As long as you’re on open terrain, or a wide trail, 
there is a quick-and-dirty way for two of you to carry 
out a teammate with an ankle injury who can’t walk. 
Find or cut a pole or two about 4’ long. A pair of ski 
poles or walking poles will work, and using two pair is 
even more comfortable for the patient (or, as my wife 
noted on proofreading, “not more comfortable, just less 
painful”). If you have duct tape (you do have duct tape 
in your pack, right?) and you are mountaineering, you 
can tape two ice axes together as shown in the diagram. 

The two of you should stand right next to each other, 
with your packs on, facing the direction you want to go. 

Slide the pole(s) between the small of your backs and 
your packs, just above where your shoulder straps attach 
to the pack at the bottom. The patient now sits between 
you on the pole. This way, the patient’s weight is on your 
packstraps and hipbelt, using your pack’s suspension to 
distribute the patient’s weight. Padding the pole(s) with 
a foam pad or article of clothing may make this easier 
on the patient. 

There are other improvised caries, but the ones we’ve 
covered are the more well-known and useful ones. 



38  8: Nontechnical and Semi-Technical Evacs

Litters and Improvised Evacs        Improvised Litters and Carries        Two-Person Carries 

 

S p l i n t i n g 
 Field II 

Before getting to the actual splinting, let’s review things you should do 
to an injured extremity before you splint it:
 · Clean, dress and bandage any open wounds.
 · Remove any rings that might turn into tourniquets if the hand or 

foot swells. 
 · If it’s hard to get off, try using some soap or waterless hand cleaner 

or any slimy substance to lubricate it.
 · If that doesn’t work, and you can find a string or a flat bootlace, you 

can use it to try to remove the ring. See https://www.youtube.com/
watch?v=DrDROoJAF4I. If the finger is very swollen, it may take 
several tries with the string to get the ring off. Sometimes, wrapping 
the entire finger with a bootlace and leaving it on for 10-15 minutes 
will press out some of the swelling and allow you to get the ring off.

 · If that doesn’t work, the alternative is to cut the ring off with a 
ring-cutter, which is not a standard wilderness first aid kit item, but 
should be available in any ER.

 · Before (and periodically after) splinting, check and write down 
whether the arteries or nerves are working normally. Check nerves 
for sensation and movement distal (further away from the body 
center) to the injury. Check for pulses and capillary refill distal to the 
injury.

Determine what to splint based on the injury you’ve found.For injuries 
of a long bone, the best practice is to splint/immobilize the joint above 
the injury and the joint below the injury. For injuries near a joint, the 
best practice is to splint/immobilize the long bone above the injury and 
the long bone below the injury.

For a hip injury, you just need to put someone in a well-padded litter. 
For a shoulder injury, the traditional “splint” is a sling and a swathe 
(a bandage around the upper arm and chest). Improvise something 
similar using a scissors or knife on clothing, duct tape and some 
safety pins or blanket pins, all very handy things to keep in your wilder-
ness first aid kit or elsewhere in your pack. Some people keep lots of 
duct tape wrapped around their water bottles, others carry small rolls 
you can get from outdoor stores like REI. For rib fractures, the other 
ribs provide splinting. Strap or tape over the rib only while a patient 
is self-evacuating. Otherwise, they increase pain and make complica-
tions more likely; the main treatment is pain medication, and holding 
the rib with a hand while taking deep breaths and coughing to clear 
the lungs.

If there is an uncomfortable place under a splint, that discomfort may 
turn into skin breakdown, which can then become an infected skin 
ulcer, and the infection can then get into the bone, requiring amputa-
tion. If you pad the splint, which you must unless the splint is already 
padded or fits perfectly, then you must have no wrinkles. Wrinkles 
become pressure points which become painful and then a skin ulcer.

There are many kinds of splints for a personal wilderness first aid kit; 
a favorite is a set of three or four milk-jug splints, see Milk-Jug Splints 
on page 65. SAM-Splints are popular, and are already padded, but 
considerably heavier and more bulky. A full-body vacuum mattress can 
splint almost any part a patient’s body, certainly the pelvis, the legs 
and the entire spine, though you’ll need separate splints for the arms 
and wrists/hands.

 

S p r a i n s ,  S t r a i n s  a n d  B r u i s e s 
 Field II 

A bruise, also known as a contusion, is when there is diffuse bleeding 
into soft tissues under the skin. (A hematoma is a localized collection 
of blood under the skin.) Bruises can be red, blue, purple or yellow 
depending on how deep they are under the skin, and how old they are.

A strain is a tearing, overstretching or overexertion of a muscle or a 
tendon. Tendons attach muscles to bones. Unlike a sprain, no liga-
ment or joint damage occurs. The muscle fibers are partially torn 
apart, producing pain and sometimes swelling and ecchymosis of the 
local soft tissues. Sometimes a muscle is completely torn and the two 
parts of the muscle contract and ball up, causing a soft tissue defor-
mity or bulging near the origin (proximal end) and insertion (distal 
end) of the muscle. 

A joint sprain occurs when it is twisted or stretched beyond its normal 
range of motion. As a result, some of the supporting ligaments 
(fibrous bands that hold the joint together) are stretched, partially 
torn, or completely torn. A sprain is, in a sense, a partial dislocation. 
The bone ends are not completely displaced from one another by 
the force of injury, so they fall back into alignment when the force is 
released. 

You won’t see the severe deformity you can see with a dislocated joint. 
Sprains vary in severity from a slight tearing to complete disruption of 
the supporting ligaments and capsule. Although sprains most often 
occur in the knee and ankle, any joint can be be sprained. Signs and 
symptoms of a sprain may include: 

 · Swelling
 · Bruising
 · Tenderness (pain when you press on the area)
 · Painful when you use the joint
 · Guarding: not wanting to use the joint
 · Decreased range of motion of the joint compared with normal
 · Inability to use the joint due to pain with range of motion

The signs and symptoms of a sprain, a cartilage tear, and an intra-
articular fracture involving the joint are the same. Deciding which is 
difficult even for experienced physicians. Often, this must wait until 
the physician evaluates the patient at a definitive care facility and per-
haps gets X-rays. Fortunately, except for ankles, the initial care of these 
injuries is identical: splint and protect the joint and have it examined 
by a physician. 

For the most common sprain, that of the ankle, you might be able to 
use the Ottawa criteria to rule out a fracture; see Ankle Injuries: Ottawa 
Criteria on page 20

Treatment of ankle sprains is covered in Treating Ankle Injuries on page 
55

We cover generic treatment of sprains, strains and bruises in 
Musculoskeletal First Aid on page 27.

https://www.youtube.com/watch?v=DrDROoJAF4I
https://www.youtube.com/watch?v=DrDROoJAF4I
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Rigging the Litter  

Basic Semi-Tech Rigging 
 Field III 

Rigging the litter refers to how to attach external things, 
such as ropes or litter bearers, to the litter. Rigging a 
litter for a vertical rescue is hard. Rigging a litter for a 
semi-tech evac is easy. 

Well, it would be easy, except that there are lots of dif-
ferent litters, and rigging for each is a bit different. 

Basically, you need a rope tied to the head of the litter. 
The rope needs to be tied to a part of the litter that’s not 
going to rip off or otherwise fail. You also don’t want the 
rope attachment slipping back and forth, as that might 
put shock loads on the belay and litter. You also want 
the rope tie-in to be centered over the center of weight 
of the litter+patient load, not off to one side. 

For a standard semi-tech evac, unlike a vertical res-
cue, the patient doesn’t need to be in a seat harness, or 
be belayed separately from the belay on the litter. And, 
litter bearers don’t need to be belayed, although on a 
steeper semi-tech it’s easier for them to handle the litter 
if they’re clipped into the litter rail. 

This really simplifies the rigging. 
If you’re used to rigging a litter for vertical rescue, 

you’re probably used to rigging to points just to either 
side of the patient’s shoulder and either side of the 
patient’s thighs or knees. 

That’s ideal for a vertical rescue, but doesn’t work for 
a semi-tech evac. If you use those rigging points next 
to the patient’s shoulder, and the litter gets pulled at an 
angle to the belay rope, the rigging may slide across the 
patient’s head or even face. Oops, there goes the patient’s 
nose.

If you’re used to vertical rescue rigging, you’re also 
probably used to rigging in with large steel locking cara-
biners. But these carabiners are heavy, and not needed 
for semi-tech rigging. Indeed, rigging the rope directly 
to the litter rail, which is larger in diameter than a cara-
biner, is probably stronger than rigging with carabiners.

The best way to rig a litter is the way that the manu-
facturer recommends. That said, we will cover rigging 
of common litters, as you may not have access to the 
manufacturer’s recommendations on the side of a 
mountain, at night, in freezing rain. 

The picture shows how to rig a wire Stokes litter for 
a semi-tech evac. Why do you need to know how to 
rig an old-fashioned Stokes litter? Simple. Some rural 
ambulance services and fire departments still have these 
litters, and it’s not uncommon even for members of 
teams with the latest, greatest litter to have to make do 
with what’s available at the time. Not only that, some 
teams prefer the durability of an all-steel litter, which 
is why they are still made. They tend to have plastic 
netting or a solid plastic basket instead of chicken wire, 
which means you (or the full-body vacuum splint) are 

 ▸ Rigging the litter: how to attach ropes or litter bear-
ers to litter 
 ▸ Rigging for vertical rescue and for semi-tech evac 
entirely different 
 ▸ Rigging litter for semi-tech evac depends on design 
of litter
 ▸ Can rig permanent yoke to the top of a litter, and 
clip rope to it with locking carabiner
 ▸ If no yoke, you can rig end of rope to head of the 
litter with loop knot such as bowline
 ▸ Yoke or rope-end tie-in to top of litter goes around 
litter rail and load-bearing strut on either side to 
avoid point-source failures
 ▸ For basket litter with exposed rail, spiral rope or 
yoke around rail at the head, from one major strut 
to the matching major strut on other side
 ▸ For Ferno 71 or similar with only part of rail 
exposed:

 ▸ Rig yoke or rope to both top handholds with clove 
hitches, or

 ▸ Rig loops to both top handholds and to top vertical 
raise grommets
 ▸ Standard semi-tech evac
 ▸ Single rope
 ▸ Six litter bearers

 ▸ Steep semi-tech evac: 
 ▸ Single rope 
 ▸ Four litter bearers
 ▸ Litter bearers’ seat harnesses attached to litter rail 
with sling

 ▸ Very steep semi-tech evac: 
 ▸ Two ropes
 ▸ Three litter bearers, attached to litter or yoke with 
adjustable lanyards such as a Purcell Prusik
 ▸ Patient and litter bearers’ seat harnesses con-
nected to both ropes 

I m p o r t a n t  P o i n t s
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less likely to get poked with a sharp bit of wire. But you 
still rig them the same.

To rig a rope directly to the head of such a litter, 
you start tying a bowline (see Bowline on page 117), 
expecting the finished loop to be about about 2’ (60 
cm) in diameter. Before bringing the running end of the 
rope back to finish tying the bowline loop, you wrap the 
rope around the top rail of the litter 3-4 times. 

When rigging an anchor, you need to avoid big, open 
angles: they multiply the force in the system, possibly 
leading to anchor failure. (We discuss this further in 
Anchor Sling Angles on page 96.) That would sug-
gest you use a really big bowline loop, so that there is 
a very narrow angle at the top of the bowline. All well 
and good, but it means that the knot, which tends to 
get caught on trees and ledges, might be out of reach 
of a litter bearer tied into the litter. And if you look at 
where the rope between the belayer and the litter goes 

right against a ledge, a knot farther from the litter is also 
more likely to get caught on obstacles. 

This argues for a shorter tie-in bowline loop. An 
angle of about 60° at the knot is about right, and 90° is 
acceptable. 

Why a bowline and not a figure 8 loop? Simple. The 
slightly greater strength of the figure 8 is not a signifi-
cant consideration here. A bowline is easier to tie, and 
much easier to adjust to get the right angle at the knot. 
Rushing is bad (“Slow is smooth. Smooth is fast.”) but 
during a rescue time is still of the essence, and faster 
and good enough is likely better.

One consideration about the wire-basket Stokes is 
that many of the older ones have a butt-weld right at the 
top of the head. Even if your SAR organization doesn’t 
use such litters, you might have to use one from another 
SAR organization or local EMS or fire department, 
which is why you need to know this.

 This butt-weld in the top rail is a potential weak spot. 
So, wrap your bowline loop around the main rail, but 
also extending enough to either side to where the lower 
litter runners (two steel straps that run from the head, 
under the basket, and then to the foot) that are welded 
to the main rail near the top. That way, if the butt weld 
fails, the rope is still securely attached to the litter by 
two other welds. Even if the litter doesn’t have a butt-
weld at top, this is still a good way to rig to the litter, as 
it puts the stress on both sides of the litter, which helps 
prevent the top of the litter from slipping from side to 
side, which can be disconcerting for litter bearers and 
patient alike.

There are a great variety of plastic rescue litters, but 
they are generally not that different from the wire basket 
litters. Using a wrap as for a wire basket litter is accept-
able, but it tends not to work as neatly on some of them, 
as there are large tabs of plastic that come up from the 
inner plastic basket and wrap around the outer rails. 
Some such litters, such as the Ferno Model 71 or the 
Bradco, only have limited bits of the main rail exposed 
for rigging, so you simply can’t use this wrap-rig in its 
full form.

For these litters it requires a bit of fancy knot-tying to 
do optimal rigging. 

You could use a knot with two loops. Again, size it 
for that 60°-90° angle between the two loops. Attach 
each loop to the handholds on either side of the head of 
the litter, using large carabiners. This in fact is what the 
manufacturer of the Ferno 71, in their July 2007 product 
manual, recommends. Don’t rig to those two shoulder-
area metal grommet rigging points, they are too far 
from the head of the litter and only appropriate for a 
technical rescue or lowering with the litter horizontal.)

A good knot for this is a bowline-on-a-bight. This is 
a long name for doubling the rope in a loop, and then 

ASRC Semi-Tech Evac, Great Falls, VA, circa 1980
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tying a bowline with the loop. This results in a bowline 
with two loops. See Bowline on page 117. 

Some teams permanently rig a rope or webbing har-
ness called a yoke to the head of the litter. You tie and 
back up a Figure 8 Loop on the end of your rope, and 
then clip it to the yoke with a locking D ring carabiner.

 For a Ferno 71, there are (at least) two ways to rig a 
permanent yoke to the litter. both shown in the figures. 
If your yoke rigging goes through the vertical lift grom-
mets also weave the webbing through the head hand-
holds and thus around the main rail. Don’t rig to those 

grommets alone, make sure the yoke or tie-in also goes 
around the railing. Why? The grommets might rip out. 

A permanent yoke is certainly a bit faster when you 
have to attach a rope, but it does introduce additional 
connections and knots that might fail, so some teams 
prefer to tie directly into the head of the litter. You can 
tie the end of the rope into the litter just like the rope 
yoke illustrated in the photograph, but you won’t need 
the double-fisherman’s knot. If you wish, you may use a 
bowline instead of a figure 8 bend, as the bowline’s a lot 
easier to adjust. 

Ferno 71 Litter Rigged with Another Type of Permanent Yoke
Shown rigged for semi-tech evac with rigging extending to vertical lift grommets. 

Note rigging wrapped around rail as well as going through grommets.
Courtesy Matt Speier, used with permission.  

Ferno 71 Litter Rigged with One Type of Permanent Yoke, NCRC Style.
Note Figure 8 Loop, Clove Hitches, and Double Fisherman’s Knot.

Courtesy Andrew Hower, used with permission.

Head of Ferno 71 Litter
Courtesy Andrew Hower, used with permission. 

Head of Junkin Plastic-Basket Litter
Rigged for vertical rescue. Note that unlike the Ferno, 
the entire rail is exposed and thus can be rigged like a 

wire-basket Stokes litter for a semi-tech evac..



42  8: Nontechnical and Semi-Technical Evacs

Rigging the Litter           

National Park Service Rigging for Steep Semi-Tech
This shows rigging for a lowering line and separate belay; rigging is the same for a twin-tensioned system; see One Line or Two? and Two-Tensioned 

Lines on page 160. Note the interlocking bowlines with tails used to belay the litter bearers, , the patient’s seat harness clipped into the main 
line, and that the three litter bearers are not only clipped into the litter rail but also into the main line or belay line with an adjustable Prusik.

Public domain via National Park Service Technical Rescue Handbook
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Steep Semi-Tech Litter Bearers
 Field III 

If you’re doing a nontechnical carry-out, six litter 
bearers is standard. More than six is too crowded on 
the litter rail. For a nontechnical evac, four litter bear-
ers works only if (a) it’s a very short carry-out, (b) the 
patient is very light, (c) your litter bearers are all cham-
pion athletes, or (d) all of the above. That’s why we have 
a standard way to rotate litter bearers, as it can be very 
tiring even with six litter bearers.

There is another situation where four non-athlete 
litter bearers works well, and that is with a steep semi-
tech evac. When the rope is holding up a large fraction 
of the litter+patient’s weight, four works just fine. And 
if you’ve got a very light patient and a steep semi-tech 
lowering, even two non-athlete litter bearers might be 
enough.

Very Steep Semi-Tech Rigging 

If it’s steep enough, slippery enough, exposed enough, 
or some combination, the Rescue Specialist may opt to 
call it a Very Steep Semi-Tech and rig differently. There 
are some similarities with a technical (vertical) rescue. 
This needs to be done with a yoke, so that you have a 
carabiner at the head to clip additional rigging into. 

First, you will use three litter bearers, one on either 
side near the patient’s chest, and one right beyond the 
foot of the litter.

Second, you need two lines, either a main line and a 
separate belay, or increasingly these days, what is con-
sidered a best practice: two “mirrored” lowering or rais-
ing lines (see One Line or Two? and Two-Tensioned Lines 
on page 160). You should link these two lines together 
where they attach to the head of the litter with interlock-
ing bowlines. This means that either rope can fail and the 
system still is functional. See the figure National Park 
Service Rigging for Steep Semi-Tech on page 42. 

You leave very long tails on these bowlines. One 
of the tails goes to a Figure 8 Loop that clips into the 
patient’s harness as an untensioned belay. Yes, you have 
to put a harness on the patient, even if it’s an impro-
vised webbing diaper seat. One of the side litter bearers 
attaches an untensioned Prusik to this line as a belay. 

The second bowline’s tail goes to a Figure 8 Loop 
clipped into the foot litter bearer’s harness as an unten-
sioned belay. The other side litter bearer attaches a 
untensioned Prusik to this line as a belay.

To hold the side litter bearers in place on the litter, 
they use a tensioned Purcell Prusik Lanyard (see Purcell 
Prusik Lanyard on page 194); the side litter bearers 
leave their lanyards long, and clip the carabiners on the 
end of their lanyards into the yoke carabiner. This way 
they can adjust their position along the litter up and 
down as needed. By running the lanyard from the yoke 
carabiner under the litter rail they can use their legs to 
keep the litter away from the slope.

The foot litter bearer can use a Purcell Prusik lanyard, 
but usually it’s better to have just a standard Prusik loop 
to tie into the rail at the bottom, so that you’re very close 
to the litter and can use your legs to help lift the foot of 
the litter off the slope. 
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D i s l o c a t i o n s

A dislocation is a joint that is… out of joint: the two ends are not 
where they need to be. Attempting to reduce certain dislocations 
is a standard part of Wilderness First Responder and Wilderness 
Emergency Medical Technician training. it’s beyond the scope of basic 
wilderness first aid training, such as that integrated into the ASRC’s 
Field credentialing standards. The problem is not so much with per-
forming the reduction attempt, but learning enough anatomy to learn 
when to try to reduce a suspected dislocation, and when not to do so. 
At a wilderness first aid level, treatment is to either (a) get someone 
there who can attempt to reduce it or (b) “splint it as it lies” and get 
the patient to someone who can attempt to reduce it.

Some dislocations are easy to reduce – most fingers get reduced in 
football huddles –but others are harder. Kneecaps are even easier: you 
just straighten the leg. Shoulders are a bit harder, but are a standard 
Wilderness First Responder skill. It does take some time to learn, but 
I’ve coached a couple of WEMTs through it during it during a real cave 
rescue. And it turned the patient from a litter patient into someone 
who could walk out with assistance, cutting hours off the evac.

Elbows and hips are hard. Often you can’t get them back in without 
having the patient under general anaesthesia in the operating room. 

A story: once upon a time, I got alerted for a cave rescue in Bowden 
Cave that was supposedly a hip dislocation. In a cave. In a cave with a 

fairly long not-very-tall entrance crawlway. Now, traumatic hip disloca-
tions tend to have the head of the femur go backwards, into the butt. 
Which means that the patient’s knee is sticking sort of straight up. 
And it’s mechanically locked: you can’t get the knee flat without reduc-
ing the dislocation. And the entrance crawlway in Bowden is not high 
enough to get someone like that through. So there were plans to get 
me, a caver who was an anesthesiologist, and a cave rescue instructor 
who was also an orthopedic surgeon, to go to and into the cave, and if 
needed, do general anaesthesia in the cave to reduce the hip. We were 
arranging for Air Force flights to West Virginia, when we got the word 
that it was really a minor pelvic fracture and the patient was out.

This illustrates (at least) two points.
 · Communications are vital, and part of good communications is pro-

viding an estimate of the reliability of the information you’re passing 
along to others.

 · It’s good to learn more about anatomy. Search YouTube for 
“Richard Snell Anatomy” and the name of the anatomy you want 
to learn about. I learned anatomy from him at George Washington 
University medical school. He could draw anatomy on the chalk-
board with colored chalk using both hands while giving a great 
lecture at the same time. If you want your own high-grade anatomy 
textbook, his Clinical Anatomy for Medical Students is perfect. The 
diagrams are not artworks, but simple diagrams that point out what 
is important.

 

S p l i n t i n g  w i t h  “ F i b e r g l a s s ” 

In my day job, I have to deal with fractures almost every day. We usu-
ally don’t put a circumferential (all-the-way-around) cast on most fresh 
fractures. One good reason for this is that we see the patients soon 
enough after the fracture, that it’s going to continue to swell for a few 
hours or maybe a day or so.

Do you know what you call a circumferential cast on a limb that 
continues to swell? A tourniquet. It can then destroy the skin, press 
on and damage nerves, and eventually cut off the blood supply. Even 
when we’ve waited a couple of days and the orthopedic surgeon has 
put on a circumferential cast in the office, they sometimes are too 
tight. And so one thing we do in the Emergency Department is cut off 
casts that are too tight.

So instead of casting in the ED, for the most part, we put on what I tell 
patients is a “half cast.” Other people call it a “fiberglass splint.” What 
it really is, is a custom-fitted splint. We used to do this with plaster, 
but not very often any more. And plaster is too heavy to carry in a 
wilderness first aid or wilderness medical kit, and to hard to work with.

But there is “fiberglass splinting material” that you can carry in a 
larger wilderness first aid or wilderness medical kit, such as a team kit. 
In the ED we use long rolls of it that we reseal after every use, but for a 
wilderness first aid kit,  the individual sealed packages are best.

These splints are made of a cheesecloth-like mesh material – tradi-
tionally fiberglass but more and more using polyester – coated with 
a sticky glue that gets warm and hardens when exposed to water, or 
even the moisture in the air. (Which means you have to protect the foil 
packages from mechanical damage; even an invisible pinhole and it 
turns to basically rock in the package, useless for splinting.)

The strip of this sticky material – you can get it in different widths and 
lengths – is inserted in a tube of soft fuzzy material that serves as pad-
ding before packaging. You can use a pair of paramedic shears to cut it 
to the length you need.

Once you’ve measured and cut it to the right length, you make sure 
there are no bits of the fiberglass or polyester mesh sticking out the 
ends, dampen it with a little water, and blot the water off the outer 
fuzzy padding. You then form it to the arm or leg, making sure there 
are no wrinkles to cause painful skin blisters. You then wrap the splint 
and limb with an elastic bandage, and hold 5-10 minutes until it’s hard.

This is an ideal splint. It is comfy, immobilizes very well, and is very 
low bulk on the extremity.  If you did a neat job of it, your splint can 
stay in place through X-rays and last until the patients sees an ortho-
pedic surgeon in a few days. All other splints, even SAM splints and 
other commercial splints, are just pale imitations. 

I’ve used them to put on backcountry patients so that they can then 
assist with rescue. 

It does take some practice to get this material on properly, but it’s 
pretty much a “see one, do one, teach one” sort of skill. The hard part 
is knowing the different ways to put it on: long arm splint, ulnar gut-
ter splint, thumb spica splint, posterior short leg splint, sugar tongs 
splint… all of which you can learn online with diagrams and videos.

See https://www.youtube.com/watch?v=QHZqaio5DVU for an intro-
duction to applying this type of splinting material. 

https://www.youtube.com/watch?v=QHZqaio5DVU
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Tie-in, Protection and Packaging 

 Field II 

If you are going to evacuate your patient in a lit-
ter, then you need to tie in and protect and package your 
patient.

There are many different ways to do this, and we will 
show you some of the best. Even if you choose one of 
the systems laid out here, you may need to modify it for 
specific injury or illness.

Regardless of which particular system or combination 
of systems you end up using, it should meet the follow-
ing principles:
• Your patient should be secure enough in the litter to 

not fall out if the litter tips to one side, for example, 
when a litter bearer calls “Vomiting!”

• Except for bits that need to be splinted due to 
injury, your patient should be free to move; this will 
decrease pain, decrease the likelihood of sacral skin 
necrosis (dead skin above the butt = bedsores =decu-
biti), and help prevent a deep venous thrombosis 
(blood clot in the leg).

• You must support the patient to prevent slipping out 
of the foot (or much less likely, the head) of the lit-
ter. Even slipping up or down a few inches might be 
painful for the patient. 

• If it’s a very steep semi-tech evac, your patient should 
be in a seat harness attached to both ropes/lines in 

case one of the lines fails or the litter breaks.
• If your patient might be exposed to rockfall, or hit-

ting a tree or rock with the head, your patient should 
have some sort of head protection, either a litter face 
shield or a helmet.

• Your patient’s eyes need to be protected from falling 
rain, leaves, dirt or gear from someone’s pack. A pair 
of safety glasses is great for this: easy to get on and off 
as there is no strap around the back of the head.
The remainder of this section provides a smörgås-

bord1 of tie-in, protection and packaging ideas. 

Tie-In 
 Field II 

In this context, tie-in means to strap the patient into the 
litter well enough that he or she won’t fall out, but is still 
free to wiggle for comfort, except for the bits that have 
to be splinted for medical reasons.

Back when the ASRC started in the early 1970s, it 
was easy to have one official litter tie-in. Wilderness 
rescue almost universally used a Navy Wire Basket 

1 The term is Swedish but now widely used in English to refer to a 
buffet with lots of different choices, not just a traditional Swedish one 
that is mostly crispbread, different types of cheeses and herring in 
many different sauces. 

 ▸ Tie-in
 ▸ Patient secured to not fall out if the litter tips to 
one side
 ▸ Patient secured to prevent slipping down in litter
 ▸ Injuries immobilized
 ▸ Patient otherwise free to move to decrease pain, 
prevent sacral skin necrosis and deep venous 
thrombosis

 ▸ Protection:
 ▸ Very steep semi-tech evac: patient in seat harness 
attached to both ropes
 ▸ If possible rockfall, or hitting a tree or rock with 
head, protect patient’s head with litter face shield 
or helmet
 ▸ Protect patient’s eyes with pair of safety glasses

 ▸ Packaging:
 ▸ Protect patient from wind, rain, cold
 ▸ Allow access for medical monitoring and 
reassessment

 ▸ Allow for bodily needs: food, fluid, and pooping 
and peeing

 ▸ Packaging layers (inside to outside):
 ▸ Protection layer bandages, blue pads or diapers, to 
protect outer layers from bodily secretions
 ▸ Inner microclimate: insulation appropriate for the 
temperature
 ▸ Shell: waterproof tarp 

 ▸ Place monitoring equipment on patient before 
packaging
 ▸ Put shell on so opens along one edge to access 
patient
 ▸ Can apply some or all packaging layers when first 
encounter patient.
 ▸ Can create an outer microclimate:
 ▸ Share body warmth with patient
 ▸ Throw bothy bag or tarp over patient and mem-
bers of team

I m p o r t a n t  P o i n t s
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Stokes Litter. They were pretty much all the same. But 
now there are a gazillion different rescue litters, and 
there’s no way to have a standard tiein that works on all 
of them. And people have invented new and, at least for 
certain uses, better ways to tie someone into the litter.

Note that there is an interaction between tie-in and 
packaging: if you have the patient wrapped in blankets 
and a tarp for protection from cold, wind, rain or snow, 
it limits what you can do with a tie-in. Even the foot 
supports need to go around this entire bundle. Some 
teams from warm areas like to use foot supports that 
simply won’t work then the patient is bundled up. 

There are still a lot of wire-basket Stokes litters out 
there, especially in places we tend to frequent. So you 
do need to know how to tie someone into one. Most of 
these litters came with straps that didn’t work very well, 
and had buckles that tended to break. More modern 
litters sometimes come with better straps. But rescue 
teams tend to want to do tie-ins their own special ways.

The figures show several ways to tie the patient into 
the litter.

If the semi-tech is steep enough to need it (rarely), 
you’ll put patient in a seat harness tied into the rope, 
and run webbing or Purcell Prusiks from the patient’s 
harness up to the litter rail near the patient’s shoulders 

and down to the litter rail near the patient’s ankles, as 
discussed above in Very Steep Semi-Tech Rigging on page 
43.

My favorite tie-in is a spider:1 a length of 2” nylon 
seatbelt webbing, that goes down the center of the litter/
patient, with 1” nylon straps that go from this to the 
edges of the litter. Some spiders (Allegheny Mountain 
Rescue Group used to have one) even have load-bearing 
buckles. Such a spider is easy to adjust if it’s too tight or 
too loose. You may also easily open up just one section 
of the spider, for example, to check sensation and capil-
lary refill distal (beyond) a splint. Unfortunately, they 
have to be custom-made.  

At least for wire Stokes, there is a bit of a controversy 
about how to tie-in a patient: do your tie-ins go around 
the main litter rail or not? Certainly the main litter rail 
is the strongest part of the litter, so tying in there would 
be stronger. But if your litter is being used for a verti-
cal rescue, then the tie-in might be rubbing against 
rocks and getting abraded. But for our purposes here, 
it doesn’t matter. Some litters have alternate tie-in loca-
tions inside the basket that are also load-rated, in which 
case those should be used.

The simplest tie-in I’ve seen is simply to put a girth-
hitch around the rail at the foot, then to lace back and 
forth up the litter as if you were lacing up your shoe. It 
works, but…

In semi-tech evacs, and sometimes in non-technical 
evacs even without a belay line, the litter is tilted head-
up. The patient tends to slide down towards the bottom 
of the litter, which can be uncomfortable, and aggravate 
injuries. So if you have such a spider, you also should 
have a support for the feet. If the patient is in a pumped-
out vacuum mattress, then that is such good support 
that you don’t need specific foot loops.

If the patient isn’t in a vacuum mattress that’s pumped 
out, you should use some webbing to fashion a foot sup-
port. There are multiple ways to do this; one thing you 
should consider is whether the patient will be wrapped 
in multiple layers of packaging to protect against the 
cold; if so, a foot support tie-in that is designed to sup-
port both feet separately won’t work. You’ll need a foot 
tie-in that goes under and wraps around both feet in 
their packaging.

The foot support needs a loop around the ankles to 
keep it from slipping off the feet. If improvising a foot 
support from webbing, it’s important to make sure you 
tie it so that the loop around the ankles doesn’t tighten 
uncomfortably. Always put in a foot support, as you 
never know when your non-technical evac may become 
a bit semi-tech, even if just for a minute or so.

1 This is different than the spider used as a suspension for vertical 
rescue. One word, two rope rescue meanings. Sorry. 

Standard ASRC Wire-basket Stokes Litter Tie-in
From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 
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Foot Tie-Ins 
Above: Conterra leg loops. Below: unnamed “two-knot” leg loops

Public domain via National Park Service Technical Rescue Handbook
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Yosemite Tie-In
This tie-in (despite the title, this is a tie-in and not packaging) is not suitable for cold or rainy weather when you need 

to insulate the patient. However, it is easy and simple and works well in a warm-weather evac.
Public domain via National Park Service Technical Rescue Handbook
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Purcell Prusik Tie-In
This secures a patient with a seat harness in the litter with three Purcell Prusiks; it is not adequate unless the patient is 

in a seat harness. You usually supplement it with a couple of straps across the upper and lower body. 
Public domain via National Park Service Technical Rescue Handbook
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1. Attach two 30-foot (10m) 1” webbing 
straps as shown. Cross-tie goes under 
patient/packaging. Two 15’ (7.5m) sections 
may be used for the lower tie-in instead. 

2. Place tarp/vapor barrier on top of Stokes 
litter, offset as shown. This offset puts 
the opening on one side, which makes it 
easier to access the patient.

3. Place foam pad or vacuum mattress in 
litter, then two blankets on top of tarp as 
shown, then place patient on blankets. 

4. Wrap blankets around patient as shown. 
Arms are isolated so heat packs may be 
placed so as to warm the core and not the 
arms. 

5. Run one of the upper body tie-ins 
diagonally across the upper back, 
forwards over the shoulder, then 
diagonally down across the chest. 

6. With the other upper body tie-in, do the 
mirror image. Note that one finishes 
across the waist, and the other across the 
chest. Shoulder padding is essential.

7. One lower tie-in secures the pelvis. Note 
the blanket roll around the head and neck 
for insulation and shoulder-strap padding.  

8. The other lower tie-in goes under the feet. 
Two half hitches on the other side, then 
run down and then loosely across the 
ankles and tie off. 

9. Finished Eastern Region NCRC tie-in 
prevents shifting up or down in the litter. 
Upper tie-ins may easily be loosened to let 
patient sit up, then quickly refastened.  
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Alternative Blanket Hypothermia Wrap
Courtesy Art Dodds, used with permission.
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One you’ve rigged the foot support, it’s a best prac-
tice to tighten it as much as you can, have someone put 
a foot on the foot of the litter, then tilt the head of the 
litter all the way up, and see how much the patient slips; 
retighten if needed.

The old ASRC standard tie-in for a wire-basket litter 
uses three 15’ (5 m) webbing pieces, attached as shown 
in the figure Standard ASRC Wire-basket Stokes Litter 
Tie-in on page 46. One of the right-hand tie-ins is 
used to support the feet, and the other two tie-ins zig-
zag between the side supports (struts). The tie-ins can 
be permanently attached to the bottom struts with water 
knots. The patient tie-in is finished off with a secured 
slipped overhand knot (discussed in ). The final zag 
is placed so as to not choke the patient; this may be a 
different place based on the patient’s height. For storage 
your can run the tie-ins to the forward strut and back a 
few times and tie them off with half hitches, or you can 
use the tie-ins to secure equipment in the litter.

There are other ways to lace up a litter. Eastern 
Region, National Cave Rescue Commission instructors 
developed a particularly nice combination of packaging 
and tie-ins for a Ferno plastic Stokes, back in the 1990s. 
This was modified from the earlier ASRC tie-in. It uses 
inexpensive and readily-available materials, and it is 
now widely taught. It assumes a plastic Stokes litter, as 
these have become standard in cave rescue, but can with 
some difficulty be adapted to a wire-basket type Stokes.

It is more complicated than the original ASRC tie-in, 
but has advantages, discussed in the text that accompa-
nies the diagrams Standard Cave Rescue Packaging and 
Tie-in on page 50 and Optional Head Stabilization for 
Cave Rescue Packaging on page 51. 

Struts connect a litter’s basket with the load-bearing 
rail or run under the basket to provide mechanical 
strength. Struts may be load-bearing, meaning that they 
expected to hold a life-safety load, or non-load-bearing, 
meaning that you shouldn’t trust your or the patient’s 
life to them. On a wire basket Stokes litter, the runners 
(steel straps that run from the head, under the basket, 
then to the foot of the litter), where welded to the rail, 
are considered load-bearing, as are the cross struts that 
connect from one rail to the other under the basket are 
also load-bearing; the smaller struts that connect the 
wire basket to the rails are considered non-load-bearing. 
Don’t use them to clip into or tie the patient tie-ins into 
them. 

On a Ferno 71, the “struts” are wide areas of plastic, 
and not suitable for tying into. Instead, there is a length 
of rope that wends in and out of holes in the plastic that 
you can use for patient tie-in.

On some litters with struts connecting the rail to 
another metal rail around an interior plastic basket, 
such as the Junkin JSA-200, most consider those struts 

load-bearing, though the company doesn’t officially say 
in print or online.

Regardless, if you’re connecting your seat harness 
onto a litter, it’s a best practice to tie into or clip into the 
main rail, especially if it’s one that’s not familiar.

Using just webbing, the old ASRC standard uses two 
20 foot (6 m) pieces of 1” webbing. You girth hitch these 
onto the patient’s harness, then tie the two ends of one 
piece of the webbing to a load-bearing portion of the lit-
ter up by the patient’s shoulders with clove hitches. You 
then tie the other piece’s two ends to the rails or another 
load-bearing part of the litter down beside the patient’s 
ankles.

This can be difficult or impossible to rig on some ver-
tical rescues or very steep semi-tech evacs, so instead, 
some teams will use three Purcell Prusiks run through 
the patient’s harness, and one under the patient’s feet, 
then clipped to the litter rails at appropriate places. 
Then it’s simple to tighten all of the Purcell Prusiks (see 
Purcell Prusik Lanyard on page 194)  to support the 
patient in place. See the figure Purcell Prusik Tie-In on 
page 49.

Protection 
Field II

In this context, protection means to protect your patient 
from injury, such as being poked in the eye with a 
stick, having a falling acorn or spare piece of gear from 
someone’s pack land in the patient’s eye, or being hit in 
the head by a falling rock. It might not be necessary for 
an easy nontechnical evac along a wide trail, but a clear 
face shield or helmet and goggles are a best practice for 
a semi-tech evac, and at least a pair of safety or personal 
glasses for a nontechnical evac. Face shields that fit on 
the litter are a best practice for above-ground rescues. 
For cave rescues, they stick up too high, and for cave 
rescues, even goggles can be a problem; a best practice 
for cave rescues is a pair of slip-on safety glasses with 
side guards. They’re a lot easier to get on and adjust 
as needed compared to a pair of goggles with a strap 
around the back of the head. You can get them for about 
$10 a pair. You can package them with your litter in a 
crush-resistant sunglasses case.

One subtle point about this: if it’s warm day, and not 
raining, you don’t need a tarp to protect from the rain 
or blankets to insulate against cold, you can just strap 
the patient into the litter without much in the way of 
“packaging.” The question arises: should you let the 
patient give in to the almost-irresistible urge to hold 
onto the litter rails? Or should you do the tie-in so that 
the patient can’t do this? 
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On a vertical rescue, if the patient has fingers on the 
rails, there is a significant chance of the patient losing 
those fingers when the litter hits the cliff. Even on a 
semi-tech evac in the mid-Appalachian area, the litter 
can slip sideways and the rail hit up against a tree. See 
the sidebar on Finger Amputations on page 159. 

If the patient is unconscious, semi-conscious or 
delirious, tying the patient’s wrists together with what-
ever is handy is a reasonable precaution. But even if 
the patient is alert and awake, the danger is still there. 
When the litter suddenly slides sideways into a tree, the 
patient will have an unconscious and involuntary reflex 
to grab the litter rails. Yes, you could explain to an alert 
patient why you’re tying his or her wrists. This conversa-
tion usually does not go well. An alternative is getting 
the patient’s hands to a part of the tie-in to hold onto 
for security. You can even put another piece of webbing 
across the patient just at the right level to serve as a 
handhold; doubled or quadrupled webbing works better 
than a single strand, and make it tight to provide a bet-
ter psychological sense of security and sense of control.

Packaging 
 Field II 

In this context, packaging means wrapping stuff around 
the patient to 
• Protect your patient from the elements, including 

wind, rain and cold.
• Allow access for medical monitoring and reassess-

ment as needed.
• Allow for bodily needs: food, fluid, and, based on 

the story above, and what I learned from one of 
my daughter’s favorite childhood books (Everyone 
Poops), pooping and peeing.
Credit for the origin of this next bit goes to Jel 

Coward, a physician previously from the UK and now in 
Canada.1 When first encountering and then evacuating 
a patient, you need to think of packaging in layers, like 
an onion.2 

The innermost protection layer includes things such as 
bandages and blue pads or diapers, to protect the outer 
layers from the bad effects of bodily secretions (blood, 
pus, pee, poop). 

The next layer out is the inner microclimate: insula-
tion appropriate for the temperature. Wool blankets are 
cheap, washable, and warm when wet, so are used on a 
regular basis. For insulation underneath, you can use an 

1 He met a Canadian physician at a Wilderness Command Physician 
class I was teaching in the UK. She married him and dragged him 
back to British Columbia, not a bad place if you like the wilderness.
2 Or, as my daughter says, like an ogre such as Shreck.

old sleeping. If the patient is in a vacuum mattress, this 
provides excellent insulation underneath. 

If you look at the diagrams in Alternative Blanket 
Hypothermia Wrap on page 51, you will see that this 
method isolates the arms and legs from the core, so that 
you can use heat packs or a charcoal vest to preferen-
tially rewarm the core.

It’s common to arrange the tarp that surrounds the 
insulating wool blankets – the shell – so it opens along 
one edge so you may easily reach the patient when 
needed. This tarp protects the patient from wind, snow, 
rain, or water. You may place monitoring equipment 
such as a BP cuff or a remote-reading thermometer on 
the patient before packaging.

You can apply some or all of the onion layers when 
first encountering a patient, as well, even before packag-
ing in the litter, or sometimes when the litter has to stop 
for some reason. And in such situations, especially in 
cold, wet conditions, you can create an outer microcli-
mate as well. Let me explain.

Once upon a time, I was teaching a Wilderness 
Emergency Medical Technician class in the UK. I was 
off in the hills with a simulated patient, acting as the 
instructor. Teams of students would navigate to us, com-
plete the medical problem we simulated for them, and 
then after a brief critique, move on to another station. A 
Scottish mountain rescue team member, upon arriving 
at our station, immediately pulled a large piece of thin 
nylon (surplus parachute material, he later told me) 
from the top of his pack and spread it over the patient 
and the team. Instantly, our body heat was trapped, and 
the temperature inside started rapidly climbing. Even 
though I’d had many decades of outdoor experience in 
the US, this was my first experience with a bothy bag.

A bothy is a small, crude building in the UK or Irish 
mountains used as a bad-weather refuge by hill-walkers, 
climbers, and shepherds. A bothy bag is a bothy you can 
carry in your pack. You can throw it over your whole 
party when wind, rain or snow threaten, or someone is 
injured – or when you find a search subject. Those made 
from surplus parachutes are very light and provide a 
degree of protection from the ele-
ments. Fancier and more expensive 
store-bought versions come in 
silnylon,3 with vents and heavier 
bits on the bottom inside edge on 
which you can sit. It’s like a tent with 
no stakes – your butts serve as the 
stakes – and your heads serving as 
the poles. When she was young, my 
daughter and I had had a couple of 

3 A very expensive but very light silicone-
coated waterproof nylon. 

Fair use per Wikimedia 
Commons guidelines
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pleasant trail lunches in a little 2-person bothy bag while 
waiting out a rainstorm. Bigger versions fit larger par-
ties, or even a Stokes litter and several rescuers. These 
are great for any SAR team that may be exposed to 
hypothermia weather. I now almost always have a small 
one in my daypack on any day trip, and certainly on any 
SAR task. 

The specifics of packaging depend on what you have 
to use for packaging, and what traditions you have 
been taught about the right way to package. As with 

the correct call to lift the litter, there are sometimes 
some religious overtones in official standard methods 
of packaging. The diagrams here show a couple of ways 
of packaging a patient in cold weather who doesn’t need 
any specific modifications for injuries.

A note for the standard NCRC packaging: fold down 
corners of blankets first, then fold them in, then fold the 
corners of your external vapor barrier/tarp and fold it 
in.
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T r e a t i n g  A n k l e  I n j u r i e s 
Field II

You can check if the patient can bear weight for four steps on the 
injured ankle; if so, you might be able to use the Ottawa criteria to see 
if the patient needs X-rays. See Ankle Injuries: Ottawa Criteria on page 
20. If there is no need for X-rays, there is no clinically significant 
fracture, and therefore the patient can walk, hobble, or be assisted out 
but no need to seek immediate medical attention. 

Even if the patient couldn’t walk four steps at first, you can wait until 
pain medication has started to work, usually about 30-45 minutes 
after taking oral pills (see Musculoskeletal First Aid on page 27). If 
the patient can then bear weight four steps, you can try to apply the 
Ottawa Criteria to rule out a fracture.

The main treatment for an ankle sprain is to protect the sprained liga-
ment for about 3 weeks. There is no good evidence about the best way 
to protect ankle sprains during healing (see Kemler, E., et al. (2011). 
“A Systematic Review on the Treatment of Acute Ankle Sprain.” Sports 
Medicine 41(3): 185-197.), but based on lots of experience, including 
my own experiences with ankle sprains and those of my patients over 
almost 50 years, the best way to do this is an Aircast Airstirrup or simi-
lar ankle brace for 3 weeks. You can order one of these online, or find it 
at some surgical supply houses. The cost is about $30. I keep a couple 
of them in the medical bag in the back of my truck so that I can loan 
them to people with sprained ankles so that they can continue with 
Base tasks, or maybe even go back into the field. I have even sent one 
into the field with a team for someone with a sprained ankle, to make 
it easier and faster to get that person out of the field.

An alternative is to tape the ankle. Athletic trainers like to put massive 
amounts of tape on athlete’s ankles to help prevent ankle sprains, 
although some say this is just placebo. They also use stretchy athletic 
tape to preserve some motion to improve athletic performance. 

But based on multiple observations – people who couldn’t walk before 
their sprained ankles were duct-taped and able to walk right afterwards 
– very simple duct-taping can serve as a temporary substitute for an 
Airstirrup or similar brace. 

By far the most commonly-sprained ankle ligament is the anterior 
talofibular ligament on the outside of the ankle just anterior (forwards) 
of the lateral malleolus (bump). This happens when someone inverts 
the ankle (twists it inward). 

The key to duct-taping an ankle sprain is to prevent stretching of the 
injured ligament. You’re splinting just that one ligament. For the ante-
rior talofibular ligament, that means you evert the ankle (pull up on the 
outer edge of the foot) and dorsiflex the ankle (pull the front part of the 
foot upwards) as you put on the tape. As you put on the tape, you flex 
the ankle so as to shorten the affected ligament. Use the tape to pull up 
more as you put it on. That way, when the patient moves that ankle so 
as to stretch and tear that ligament more, the tape stops that motion. 
As shown below, just two lengths of duct tape is enough to do a good 
job of splinting the anterior talofibular ligament.

Pro tip: tincture of benzoin (friar’s balsam in the British Isles) on the 
skin first makes adhesive tape or duct tape stick much better, even in 
the rain. Put a thick coat on the area where you are going to stick the 
tape, making sure that you get it about 2” (5 cm) beyond the area you 
are planning to put the tape, and let it dry for a minute or two before 
taping. It’s important to make sure that all of the tape is on dried 
benzoin. If the end of the tape or an edge of the tape is not on the 
benzoin, the taping won’t last as long.

Lateral (Outside) Ligaments of Ankle.  
Anterior talofibular ligament is the most commonly sprained.

Courtesy SMART-Servier Medical Art, part of Laboratoires Servier, via Wikimedia Commons, 
under the Creative Commons Attribution-Share Alike 3.0 Unported license. 

https://link.springer.com/article/10.2165/11584370-000000000-00000
https://link.springer.com/article/10.2165/11584370-000000000-00000
https://link.springer.com/article/10.2165/11584370-000000000-00000
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H i g h - F i d e l i t y  S i m u l a t i o n  a n d  A  P r o c e s s  o f  E l i m i n a t i o n

Once upon a time, way before the days of body fluid concerns, 
one of our ASRC members, who was perhaps a bit overenthusi-
astic as a mock victim, outdid himself. I am ashamed to admit 
that I aided and abetted him in this one particular instance. This 
was actually a mock cave rescue that was part of training by the 
Eastern Region of the National Cave Rescue Commission. Many 
ASRC members are also involved in cave rescue, and a couple of 
ASRC member Groups are also official cave rescue teams.

One of the standard safety measures during any NCRC mock 
cave rescue is that the mock victim has a Guardian Angel. Like 
the other Invisible People in the cave, the Guardian Angel has a 
special armband for identification. (The other Invisible People 
are additional instructors or observers. Students are not allowed 
to speak with them, or use them as footholds.)

The Guardian Angel takes a report from the student, including 
the actual vital signs, and then gives them the simulated vital 
signs. The Guardian Angel will also provide additional informa-
tion on the patient, such as physical exam findings that we 
hadn’t been able to provide by moulage.

Another part of the safety system is the term “for real” which 
means whatever comes after this is not part of the simulation 
but a real message. It is only used when absolutely necessary.

Well, RE (name withheld to protect the innocent) and I went into 
the cave, and set up pretty far back, in a small dead-end passage 
that held a small pool of water. 

As the first team of students reached the patient, they noted him 
lying there facedown in the water, not breathing, with blood on 
his head. And I was standing there patiently waiting for them to 
do something. 

The students just looked at me. 

I said “Well?” and one of them said “ABCs” and another couple 
of students, with careful attention to his cervical spine, and 
with gloves on, carefully rotated him out of the water. At which 
point, with an explosive gasp, he started breathing. But he was 
otherwise unresponsive. 

The students looked at me again. 

I again said “Well?” 

They did a primary survey, found no problems, and proceeded 
with the vital signs and secondary survey. They reported to me 
that the patient had a palpable defect in the skull and he had 
some drying blood in this area although they found no lacera-
tion. (They later said they could tell it was real blood.)

They reported they found one pupil dilated, (large), and unre-
sponsive to light. 

They looked at me again.

I told them “Go on.” 

They gave me a strange look. Afterwards they told me that they 

were absolutely convinced that the patient had a serious injury 
and I was only staying so calm so they would stay calm and take 
good care of the patient. 

They finished their evaluation and packaged up the patient for 
evacuation. As soon as they had him packaged, he developed 
projectile vomiting, and they quickly rolled the litter on its side to 
protect his airway. (Litter teams should always be ready for this, 
especially if it’s a bumpy litter ride.) 

Later he had a grand mal seizure, and again they flipped the litter 
over on its side to protect his airway. 

I kept receiving real vital signs and giving out simulated vital 
signs.

Explanation: I had used a syringe to draw 60 mL of blood out 
of his arm, and we used this as moulage on a dent in his head 
from a prior skull fracture. I gave him a drop of cyclopentolate 
in one eye, which is usually used to dilate the pupil for an eye 
exam. Right before the students got there, he swallowed a vial of 
ipecac, which is used to induce vomiting. The seizure he simu-
lated on his own, quite convincingly.

About halfway through the evacuation to the cave entrance, they 
gradually realized that this was indeed all a very good perfor-
mance. I think they were a little bit angry at RE. OK, maybe more 
than a little bit.

At one point, as we were getting towards the entrance, they were 
moving his Stokes basket through a long crawlway only about 3 
feet high, and I wasn’t able to be right at RE’s side. So I missed 
it when he told them several times in a row that, “for real,” they 
needed to let him out of the stretcher because he needed to 
poop. (Likely from the effects of the ipecac.) They just kept ignor-
ing him. 

At which point I was able to get close to him again and hear him 
say “OK, it’s not my sleeping bag.” 

At which point they realized they were in a very long, small crawl-
way with little if any airflow.

The point of which is that you need to plan for elimination. 

Putting a blue pad or diaper in the sleeping bag is a reason-
able precaution. During a long evacuation, it may need to 
be changed, as dampness makes pressure sores more likely. 
However, for a patient who is now alert and totally with it (even if 
not before), there may be nothing wrong with letting the patient 
out of the litter for a while to take care of business. In fact, with 
male patients, we’ve occasionally opened up the packaging a bit, 
and leaned the patient, Stokes litter packaging and all, up against 
a tree to urinate. 

For women, there is a funnel-like thing called a SaniFem (my wife 
calls it a “blue pee thingie”) that will allow them to do this, too. 
However, a certain woman I know found it just doesn’t work to 
let women write their names in the snow, and falling on your ass 
in the snow can be both embarrassing and very cold. 
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“Immobilization” 

 Field II 

In this context, immobilization means protecting a 
body part from moving much, most commonly an arm 
or leg or part of the spine. 

Immobilization is good. Immobilization is bad. The 
ratio of good to bad depends on many things, including 
what body part you are thinking about immobilizing, 
and what kind of injury it has. As with any medical 
treatment, you need to balance the good and the bad – 
the risks and benefits, also termed as the harms versus 
benefits – to decide whether to apply it or not.

Benef its of Immobilization 
 Field II 

To give a deeper understanding to help decide when and 
why and how to immobilize, let’s look at two different 
fractures you can get if you fall and injure your forearm.

There are two bones in the forearm, the radius and 
the ulna. If you break them both in the middle of 
the bone, then your forearm will tend to bend in the 
middle. 

The major benefit of immobilizing this fracture is pre-
venting tepeatedly bending in the middle, even a little. 
Bending at the fracture site, given the jagged ends of 
the broken bone, will cause more damage to soft tissues, 
nerves and blood vessels. If the fracture is closed (skin 
intact) the ends of the broken bone may puncture the 
skin from the inside, making it into an open fracture. 

Open fractures are much more likely to get infected and 
not heal. 

For first aid, we treat radius/ulna fractures with a 
splint to immobilize the fracture because the benefits 
far outweigh the risks. Even for the six weeks or so that 
it takes for the fracture to heal, we put it in a cast to 
immobilize it, even if we do surgery to place little metal 
plates and screws to hold the bones in place better. 
(That’s called open reduction and internal fixation.) 

If you fell on your outstretched hand, the indirect 
force often causes a fracture of the head or neck of the 
radius – the round pulley-like thing at the top in the 
figure. The fracture is not usually very far out of place: 
undisplaced or minimally displaced. It tends not to move 
much, even if you move your elbow, and tends to heal 
without immobilizing it. 

The major risk of immobilizing the elbow for such a 
fracture is that the joint itself gets stiff, and you end up 
with a stiff elbow that requires painful physical therapy. 
For a radial head or neck fracture, we usually put the 
patient in a sling for comfort, but only for three days, 
and after that tell the patients with such fractures to use 
the elbow as much as they can.

Without a detailed knowledge of anatomy and physi-
cal examination of the elbow, and some X-rays, it’s 
hard to determine that an elbow injury is a minimally-
displaced radial head fracture. Putting a first aid splint 
on an injured elbow for a few hours, while you get the 
patient to someone with that knowledge and equipment, 
has minimal risk, but don’t be surprised if the doctor 
removes the splint and replaces it with a sling.

 ▸ Never put patient on a backboard
 ▸ If might have spinal injury and is alert and coopera-
tive, protect from new injury by putting in litter but 
do not “immobilize” spine
 ▸ Protect head and eyes with a litter face shield or 
helmet and safety glasses
 ▸ If might have spinal injury and unconscious or 
semi-conscious, protect spine::
 ▸ Place in vacuum mattress and pump out
 ▸ If don’t have vacuum mattress, pad around 
patient including blanket roll around head and 
neck or similar plus duct tape
 ▸ Don’t use cervical collar, unless improvised 
stretcher evac of unconscious trauma patient

 ▸ If spine twisted, gently but firmly bring back to 
neutral position, stop only if patient objects or feel 
mechanical resistance 

 ▸ If the patient alert, or if don’t suspect a spinal 
injury, may use vacuum mattress that isn’t pumped 
out and tell the patient to not move the spine
 ▸ Whenever possible, allow patients to move around 
in litter
 ▸ For femur fractures, don’t use traction splint
 ▸ For suspected pelvic fractures check pelvis, if might 
have open-book pelvic fracture, realign pelvis and 
hold until someone else can apply a pelvic binder 
or in pumped-out vacuum mattress 

I m p o r t a n t  P o i n t s
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The point is that “fracture” does not equal “immobi-
lize it.” 

Relevant to our subsequent discussion of spinal 
injuries, we should keep in mind that most fractures 
of the spine are considered stable, and like minimally-
displaced radial head/neck fractures, and single rib frac-
tures, do not require immobilization for proper healing.

Back in the 1960s, people thought that people in car 
accidents needed to have their spines immobilized by 
being strapped to a flat, rigid board. They thought that 
by hauling these people out of cars and moving their 
spines we paralyzed them for life. They thought, unless 
we immobilized the spine, movement would cause jag-
ged bits of broken bone to sever the spinal cord. There 
was no evidence to support the idea, but it seemed 
reasonable at the time.

 More recently, we have realized there is no evidence 
to support the idea that backboards prevent spinal 
damage. What research there is shows that prehos-
pital spinal immobilization provides no benefit; the 
most famous research study was a large comparison of 
trauma patients in Malaysia, where they don’t do pre-
hospital spinal immobilization, and of the USA, where 
at the time it was the standard of care. The patients 
from Malaysia, who were not immobilized, had better 
outcomes.1 The Wilderness Medical Society Clinical 

1 https://pubmed.ncbi.nlm.nih.gov/9523928/; free full text available 
online at this link.

Practice Guidelines for Spinal Cord Protection provide an 
extensive review of the other evidence, none of which 
supports the need for spinal immobilization.2

There are some theories for what this study showed, 
including:
• The vast majority of spinal fractures are stable, and 

the data sets aren’t large enough to show those rare 
situations where someone with an unstable fracture 
gets worse without immobilization.

• Given the nature of these fractures, additional injury 
will not occur unless there is a force equal to the 
original injury force.

• Alert patients will feel pain and stop moving their 
spines if they are getting close to reinjuring the dam-
aged spine.
A reasonable conclusion from this data and these 

theories is that alert people with spinal fractures are not 
going to voluntarily move their spines so as to paralyze 
themselves. But that there is a possibility that a deeply 
unconscious patient, who has no pain perception or 
muscular to protect the spine, might have his or her 
head flop around enough to cause worse damage to the 
spinal cord, and could benefit from some spinal protec-
tion if not outright immobilization.

In a parallel with the Ottawa criteria for not needing 
X-rays of the ankle and foot after a twisting injury, there 
are the NEXUS criteria for determining that someone 
doesn?t need X-rays of the cervical apine (neck) after 
blunt trauma (like a fall in the backcountry).3 Both 
Oattawa and NEXUS criteria have been valicated in the 
medical literature. The NEXUS criteria are even simpler 
to apply than the Ottawa criteria.  The NEXUS criteria 
are: 

the absence of tenderness at the posterior midline 
of the cervical spine, 

the absence of a focal neurologic deficit, 
a normal level of alertness, 
no evidence of intoxication, and 
absence of clinically apparent pain that might 

distract the patient from the pain of a cervical-spine 
injury. 

If a team member fell, doesn’t have any tenderness in 
the center of the back of the neck, doesn’t complain of 
weakness or numbness or tingling of the arms or legs, is 
fully conscious and alert, is not intoxicated, and doesn’t 
have a painful distracting injury, then the likelihood of 
a cervical spine fracture is essentially nil, and there is 
no need to be further concerned about the member’s 

2 https://www.wemjournal.org/article/S1080-6032(19)30151-6/fulltext
3 https://pubmed.ncbi.nlm.nih.gov/10891516/; Abby Wolfson, one of 
the authors, is one of my partners, and so I entered a lot of patients in 
this study.  

Forearm Bones, Elbow at Top, Wrist at Bottom
Via Wikimedia Commons, licensed under the Creative Commons Attribution-

Share Alike 4.0 International license, courtesy user DrJanaOfficial

https://pubmed.ncbi.nlm.nih.gov/9523928/
https://www.wemjournal.org/article/S1080-6032(19)30151-6/fulltext
https://pubmed.ncbi.nlm.nih.gov/10891516/
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cervical spine. We use this in the ED all the time to 
decide not to get an X-ray or CT scan of the cervical 
spine. 

Having discussed some of the benefits of immobi-
lization, let us go on to consider some of the risks of 
immobilization. 

Risks of Immobilization 
 Field II 

Backboards Don’t Work

In the section on Improvised Litters and Carries on 
page 32, we discussed doors as improvised stretchers 
or backboards. Certainly a narrow door works pretty 
well as an improvised stretcher for a couple of min-
utes. If immobilization of the spine is your goal – then 
backboards are a sucky way to try to do so. People slip 
back and forth on a slippery backboard and move their 
spines. Some half backboards work well to limit spinal 
motion, but as we will see below, the risks/harms far 
outweigh the benefits, which are essentially none.

We now think that, for urban trauma, an orthopedic 
scoop stretcher is better in terms of immobilizing the 
spine than a backboard and less likely to worsen spinal 
or pelvic fractures than log-rolling onto a backboard. 
And that for wilderness patients with potential spine 
or pelvic fractures, loading with many hands into a full 
body vacuum mattress and then pumping it out (see the 
figure) does a better job of immobilizing the spine and 
pelvis than a backboard. 

Backboards Injure Patients
 Field II 

We know that being on a backboard for about 45 
minutes causes unbearable pain from ischemia (lack of 
blood supply) to the skin over the sacrum, the bony area 
right above the buttocks. And, after an hour and a half, 
the skin dies.1 People then get big open ulcers in this 
area: bedsores, also known as decubiti. These can require 
multiple operations by a plastic surgeon = $$$. Even 
with the surgery and skin grafts, sometimes they get 
infected, and sometimes the patient dies of sepsis. Oops. 
So preventing these bedsores (decubiti) is a big deal.

Therefore, starting about the year 2000, there 
was a movement to emphasize that “backboards are 

1 Chan, D., Goldberg, R., Tascone, A., Harmon, S., & Chan, L. (1994). 
The effect of spinal immobilization on healthy volunteers. Ann Emerg 
Med, 23(1), 48-51. https://www.sciencedirect.com/science/article/abs/
pii/S0196064494700079

transportation and not immobilization devices” and 
for patients to be taken off backboards as soon as they 
arrive in an ED, even if a physician is not available to 
examine the patient right away.

Even more important, in 2013, a prehospital physician 
organization in Britain developed a consensus statement 
that people should never be transported in an ambu-
lance on a backboard, and that backboards should only 
be used for sliding people out a wrecked vehicle. They 
recommended either an orthopedic scoop stretcher for 
“street” EMS or a full-body vacuum splint for back-
country evacuations.2 A vacuum mattress is basically a 
beanbag chair in the shape of a big air mattress. When 
you pump the air out of it, it becomes rigid. So if you 
put a patient in the middle of it and then pump it out, 
you have a comfy form-fitted whole-body splint that 
places much less pressure on the sacrum. 

In the USA, the National Association of EMS 
Physicians has not gone as far as the British but is trend-
ing in the same direction.3 

Bottom line? Don’t use backboards, unless it’s briefly 
and just to extricate someone from a vehicle. Or maybe, 
after a disaster, using a door as an improvised as an 
improvised stretcher, just to get someone out of a build-
ing in danger of further collapse. 

Other Risks from Immobilization
 Field II 

Are there downsides to immobilization other than 
unbearable sacral pain and decubitus skin ulcers there? 
Yes. 

Immobilization, especially of the extremities, can lead 
to a deep venous thrombosis (“DVT” = clot in a deep 
vein). When one of these clots breaks off and travels 
through a vein, it ends up getting stuck in the small 
blood vessels in the lung, cutting off the blood supply 
to that part of the lung, which then dies. We call this 
pulmonary embolism (“PE”). A PE 
can kill.

Is this a risk with a splint or cast 
on an arm or leg? Yes, but if the arm 
or leg really needs it to prevent more 
damage or to heal, it’s a risk we have 
to take. Sometimes we give people 

2 Moss, R., Porter, K., Greaves, I., & consen-
sus, g. (2013). Minimal patient handling: a 
faculty of prehospital care consensus state-
ment. Emerg Med J, 30(12), 1065-1066. doi: 
10.1136/emermed-2013-203205. https://emj.
bmj.com/content/30/12/1065
3 https://naemsp.org/NAEMSP/media/
NAEMSP-Documents/Spinal-Precautions-
Backboard-NAEMSP-Position-Statement.pdf

Applying a Vacuum Mattress
Via Wikimedia Commons, licensed 

under the Creative Commons 
Attribution-Share Alike 3.0 Unported 

license, courtesy user Cdang 

https://www.sciencedirect.com/science/article/abs/pii/S0196064494700079
https://www.sciencedirect.com/science/article/abs/pii/S0196064494700079
https://emj.bmj.com/content/30/12/1065
https://emj.bmj.com/content/30/12/1065
https://naemsp.org/NAEMSP/media/NAEMSP-Documents/Spinal-Precautions-Backboard-NAEMSP-Position-Statement.pdf
https://naemsp.org/NAEMSP/media/NAEMSP-Documents/Spinal-Precautions-Backboard-NAEMSP-Position-Statement.pdf
https://naemsp.org/NAEMSP/media/NAEMSP-Documents/Spinal-Precautions-Backboard-NAEMSP-Position-Statement.pdf
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in a cast a blood thinner to prevent a DVT. But letting 
someone wiggle unbroken arms and legs is a good way 
to prevent DVTs and PEs in them.

If you have a litter with a vacuum mattress, and a 
patient who does not need spinal immobilization/spinal 
protection, simply put the patient in the vacuum mat-
tress but don’t pump it out. It provides great padding 
and insulation, and still allows the patient wiggle a bit to 
prevent DVT and PE, and be a bit less sore at the end of 
the litter evac.

Immobilization via Splinting 
 Field II 

This discussion has been negative about immobilization, 
as we’ve been talking about spinal immobilization/spi-
nal protection, which is mostly not needed and causes 
problems.

We did discuss that you have a broken forearm, a 
good splint on it immobilizes it. This keeps it from 
bending in the wrong place, and flopping around with 

those sharp bone splinters tearing up your flesh, blood 
vessels and nerves. And maybe skin.

Background: bone doesn’t resist infection very well. 
An open (compound) fracture, where bone has broken 
the skin (even if the bone isn’t still sticking out), makes 
the bone more likely to get infected. If you get a bone 
infection, you may have to be on IV antibiotics for 
months, and even then, might have to have an amputa-
tion. It’s a big deal. 

Once upon a time, a patient fell in a cave called 
Hellhole. He broke his ankle. It was a closed fracture. 
Even though fiberglass splinting material was available 
at the scene, rescuers decided not to take off his boot 
and splint with fiberglass, but just wrap a SamSplint 
around his boot and allow him to assist with the rescue. 
Bearing weight on that foot. And a SamSplint is simply 
not designed to splint while people are being weight on 
it.

When he got out, his initially-closed fracture was now 
open. And had probably been open for hours. Without 
him getting antibiotics to prevent infection. Oops. 

It meant a more complex operation on the ankle, 
and much greater likelihood of infection. Not good. 
For more on dealing with open fractures, see Finger 
Amputations on page 159.

And, there are two kinds of fractures that can cause 
enough internal bleeding to be life-threatening. Even if 
you are primarily a rescuer and not a medical type, you 
need to know about them. 

First is femur (thighbone) fractures. The standard 
splint for them used to be a traction splint, because it 
uses traction (pulling) on the leg to straighten out the 
bones, which theoretically helps prevent bleeding, as 
well as decreasing pain. There are lightweight traction 
splints that can be used inside a litter; the Sager and 
Slishman traction splints in particular are popular. 

Other styles of traction splint, not designed for the 
backcountry setting, tend to stick out of the litter too 
much, and are almost impossible to keep inside the litter 
packaging. Then the end catches on a rock or a tree and 
torques the patient’s leg. Oops. 

I’ve noticed in my day job (emergency physician at 
a Level I trauma center) that orthopedic surgeons have 
gradually switched to where they don’t favor traction 
splinting in the ED while waiting to go to the operat-
ing room, except for an occasional X-ray-documented 
mid-shaft femur fracture with significantly shorten-
ing from the bones overriding each other. And there 
is now fairly good evidence that prehospital traction 
splinting is not good.1 Problems included putting on the 

1 Syme, K. (2020). “Are you pulling my leg? Does the use of trac-
tion splints in the pre-hospital management of patients with femur 
fractures reduce the complications compared to traditional splinting?” 
Australasian Journal of Paramedicine 17(1). https://ajp.paramedics.org/

Entrance to Hellhole Cave, Pendleton County, WV. 
© 2007. Reprinted with permission by Brian Masney. All rights reserved.

https://ajp.paramedics.org/index.php/ajp/article/view/769
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traction splint wrong, putting it on for a fracture such 
as a tibial plateau fracture where traction is not a good 
idea (contraindicated). This apparently happens about 
half the time. The review article concluded, “As a result 
of incorrectly or inappropriately applied traction splints, 
patients appear to be more likely to experience com-
plications including pain, nerve damage and vascular 
compromise.”

Based on this, do not use traction splinting in a lit-
ter. It is reasonable to use traction to realign a femur 
fracture as described in Realigning Fractures and Spines 
on page 64. The thigh muscles are some of largest 
muscles in your body, and if they go into spasm (as they 
tend to do when you’ve broken your femur), it may take 
two people pulling strongly on the leg for a few min-
utes to overcome the spasm and realign the bone. Once 
you do this, you can then apply a non-traction splint, 
which if you have a full-body vacuum mattress can be 
to keep traction on it and gently lower into the vacuum 
mattress and then pump it out. If someone forms the 
vacuum mattress around the patient’s ankle and foot 
as it’s pumped out, that can help hold the femur in the 
stretched-out position.

Another fracture that kills from internal bleeding is 
an open-book pelvic fracture. Your pelvis is a combi-
nation of bones that support your internal organs and 
basically keeps your guts from falling out your butt.

Most pelvic fractures are little ditzel1 things that hurt 
fairly badly, but don’t cause bad bleeding. But a bad 
fracture, in multiple places, makes the pelvis open up 
like a book: an open-book fracture. This rips blood ves-
sels inside the pelvis, which can bleed enough to cause 
shock or death. 

If you bind something firmly around the pelvis, at the 
level of the greater trochanters of the femur (the bony 
bumps on the outside of your thigh just below the hip 
proper), then you can close the open book. You’re basi-
cally reducing the pelvic fracture. With things put back 
the way they are supposed to be, there is less bleeding. 
When you close the book, there is also less space in the 
pelvis to fill up with blood, which also helps decrease 
the bleeding. 

You can get official pelvic binders, and my favorite 
one is made by SAM Medical Products, the same people 
who make SAM Splints. It costs about $65. It is cleverly 
designed so you can easily pull with the right amount 
of tightness (the buckle goes “click” when it’s tight 
enough). And, since it’s secured by Velcro, it’s almost 

index.php/ajp/article/view/769
1 It’s not clear where the word “ditzel” comes from. But it means 
something tiny, something that can almost be ignored; it’s used by 
radiologists to refer to little tiny insignificant things on an X-ray or CT 
scan. Maybe it’s related to pixel, referencing the small size of one of the 
tiny dots that form an image on a computer screen.

impossible to overtighten. There is one in my car in 
case, because this is one of the few simple, easy things 
you can do to save the life of a roadside trauma patient. 

When should you use a pelvic binder? Basically any 
time you think about it. It’s not going to hurt someone 
to put one on. If the patient fell, and has significant pain 
in the pelvis, put it on. If the patient fell, and is uncon-
scious, put it on. The sooner you get it on, the better. 

Someone smart about prehospital trauma suggested 
that, during the secondary survey for a blunt trauma 
patient (see the chapter on Survival and Wilderness 
Travel for more about the secondary survey), one 
person, and one person only, checks for instability of 
the pelvis, and if it is unstable, folds it up by pressing 
inwards on the area 5-6” below the anterior superior 
iliac crests. Those are the front top of those big “wings” 
you see in the illustration in the sidebar Pelvic Fractures 
on page 66. They’re the hard bumpy things below 
which you’re supposed to keep your car seat belt.

What if you don’t have an official pelvic binder? 
Improvise one. A pack hipbelt would work pretty well, 
as would a double helping of 1” nylon climbing webbing, 
though you have to put it on the patient about 5-6” 
lower than you would usually wear a pack hipbelt. You 
could empty out a pack, put the empty pack under the 
patient, and then tighten the hipbelt before packaging. 
Make sure the pack is padded so that there won’t be any 
pressure points to cause skin breakdown. It should be 
firm but not tight. The best way to learn how tight this 
should be is to practice putting on a SAM Pelvic Sling 
II and feeling the amount of tightness when the buckle 
goes >click<.

If you’re using a full-body vacuum mattress, you just 
need to use a bit of duct tape to hold the pumped-out 
vacuum mattress on either side of the pelvis together. 
This will work by itself or over a commercial or impro-
vised pelvic binder.

For more on splinting, including realigning prior 
to splinting and pelvic fractures, see the sidebars on 
Splinting on page 38, Improvised Splints on page 
65, Milk-Jug Splints on page 65, Splinting with 
“Fiberglass” on page 44, Realigning Fractures and 
Spines on page 64 and Pelvic Fractures on page 66.

Spinal “Immobilization” 
 Field II 

If you have a patient who really, really does need 
cervical spine protection – and consult with your top 
medical people, as very few wilderness patients will 
have an unstable cervical spine injury that will benefit 
from immobilization – use a full-body vacuum mat-
tress. Anything else is a poor improvisation, although 

https://ajp.paramedics.org/index.php/ajp/article/view/769
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a blanket roll as shown in the NCRC packaging above 
is probably best. When you use a vacuum mattress to 
immobilize the cervical spine, have someone hold the 
mattress close on either side of the patient’s head as you 
pump it out. Then, duct-tape the two parts of vacuum 
mattress across the patient’s forehead. Be careful not to 
tape the patient’s hair. Put another piece of duct tape on 
the sticky inside of this duct tape, sticky side to sticky 
side, to keep the patient’s hair from tangling in the duct 
tape later. 

Speaking of duct tape, when not using a vacuum 
mattress, some people like to put a helmet on the patient 
and then duct-tape the front of the helmet to the litter 
rails. This certainly secures the helmet, but that doesn’t 
do a particularly good job of cervical immobilization. 
First, the suspension in the helmet will jack the patient’s 
head forwards, bending the cervical spine out of ana-
tomic alignment. To avoid this, you can place additional 
padding under the shoulders, or remove the suspension 
from the helmet. But if you take out the suspension, 
you’ve also taken out any cervical immobilization this 
might provide. And, if you are going to immobilize the 
head completely in a helmet with the suspension still in, 
you have to do a very good job of immobilizing the rest 
of the patient’s body with packing and tie-ins, otherwise 
you’ll be torquing the cervical spine as the patient’s body 
moves in the litter. If you’re doing this, you also have to 
make sure that you have the foot supports adjusted just 
right, or when you tilt up the head of the litter, you may 
be strangling the patient with the helmet’s chin strap. 
So, on the whole, helmets just don’t work very well for 
immobilization. A blanket roll and duct tape is probably 
much better. 

And for head protection, a clear face shield that 
attaches to the litter is far superior to a helmet, although 
not much used in cave rescue because it gets stuck in 
crawlways. During a semi-tech evac, another thing that 
protects the patient from injury from falling rocks is the 
litter bearers. Whenever someone screams “ROCK!“ the 
litter bearers should bend across the patient, using their 
helmets, backs and packs to protect the patient. 

Yes, you should have your packs on while doing a 
semi-tech evac. The very first question on the very first 
ASRC written test was as follows: 

1. The first rule of mountain rescue is:
 a. don’t get separated from your pack
 b. don’t get separated from your pack
 c. don’t get separated from your pack
 d. all of the above
This is a good test question for all members, human 

or canine.1

1 Remember, dogs are pack animals, not only in the sense of some-
times carrying packs (ours does when we’re hiking) but of living in the 
wild in packs.

So assume your medic says the patient needs to 
be immobilized because of possible spinal fractures. 
Assume further you know that backboards are evil, and 
you’re using a full-body vacuum mattress, which is our 
least-cruel whole-body immobilization device. Even 
with a full-body vacuum mattress, pressure on the butt 
can cause bedsores after a couple of hours. What do you 
do?

Well, when you stop, you can lean the litter to one 
side or the other. If necessary, you can even carry the 
litter on its side or even face-down for a bit. Seems silly, 
but given the consequences of decubiti, it’s appropriate 
on long evacs. In the mid-Appalachian area, these are 
most likely to be cave rescues. 

Next we move to question of cervical collars. There 
is pretty good evidence that cervical collars can hurt 
people; they can worsen or even cause fractures in peo-
ple with a particular type of arthritis called ankylosing 
spondylitis and cause permanent spinal cord damage or 
death.2 We also know that cervical collars make brain 
injury worse.3 As discussed above, we also think that for 
spinal injuries, that small amounts of movement likely 
make little difference in the ultimate outcome.

The only situation where a cervical collar might help 
more than hurt is if you have a deeply-unconscious 
trauma patient with a potential cervical spine frac-
ture and you are evacuating using an improvised rope 
stretcher, pole-and-parkas stretcher, or the like.

The 2019 Wilderness Medical Society Clinical Practice 
Guidelines for Spinal Cord Protection, in the conclusion, 
states:

Currently our author group cannot find case stud-
ies in which harm was caused by failure to place a 
cervical collar or a backboard, but we found increas-
ing evidence, both actual and theoretical, that place-
ment of these tools can cause harm. Furthermore, 
with clear instructions, patients appear capable of 
maintaining a stable neck for extrication without 
cervical collar.

2 Clarke, A., et al. (2010). “Ankylosing spondylitis: inadvertent appli-
cation of a rigid collar after cervical fracture, leading to neurological 
complications and death.” Acta Orthop Belg 76(3): 413-415. https://
www.ncbi.nlm.nih.gov/pubmed/20698467
3 Dunham, C. M., et al. (2008). “Risks associated with magnetic reso-
nance imaging and cervical collar in comatose, blunt trauma patients 
with negative comprehensive cervical spine computed tomography 
and no apparent spinal deficit.” Crit Care 12(4): R89. https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC2575569/
Kolb, J. C., et al. (1999). “Cervical collar-induced changes in intracra-
nial pressure.” Am J Emerg Med 17(2): 135-137. https://www.ncbi.nlm.
nih.gov/pubmed/10102310
Mobbs, R. J., et al. (2002). “Effect of cervical hard collar on intracra-
nial pressure after head injury.” ANZ Journal of Surgery 72(6): 389-391. 
https://pubmed.ncbi.nlm.nih.gov/12121154/

https://www.ncbi.nlm.nih.gov/pubmed/20698467
https://www.ncbi.nlm.nih.gov/pubmed/20698467
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2575569/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2575569/
https://www.ncbi.nlm.nih.gov/pubmed/10102310
https://www.ncbi.nlm.nih.gov/pubmed/10102310
https://pubmed.ncbi.nlm.nih.gov/12121154/
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Recommendation. Patients requiring extrication 
should be encouraged to reduce movement of the 
neck, especially painful movement, and allowed to 
exit the situation under their own volition if alert 
and reliable. If injuries or other circumstances such 
as unconsciousness prevent controlled self-extrica-
tion, patients’ cervical spines should be packaged to 
reduce passive motion and the airway adequately 
managed without a goal of absolute immobilization. 
There is no requisite role for commercially made or 
improvised rigid cervical collars in an out-of-hospital 
environment.…

Cadaver studies and Newtonian physics suggests 
that physiological movement is unlikely to result in 
further SCI [spinal cord injury] in a patient with 
possible or actual vertebral or SCI. Therefore, critical 
to our analysis of the literature is the understanding 
that the greater the degree to which an intervention 
produces absolute immobilization, the less desirable it 
may be. This runs counter to out-of-hospital standard 
of care for the past half century, but it appears to be a 
more evidence-based perspective.…

The scant and low quality of scientific evidence 
available does not support the current rationale for 
immobilizing a potential spine injury in the wil-
derness environment. The authors believe that a 
goal-oriented approach offers the best compromise 
between unnecessary immobilization and the risk 
of causing further damage in the presence of spinal 
injury. The goal-oriented approach would set SCP 

[spinal cord protection] as the ultimate treatment 
goal. Although the best techniques to achieve this 
goal are not yet clear and require further research, 
current evidence suggests that SMR [spinal motion 
restriction] may be the most appropriate mechanism 
currently available. Current evidence also suggests 
that rigid immobilization via collar or backboard is 
not an effective or safe means to accomplish this goal 
and can result in a worse patient outcome in both 
blunt and penetrating trauma.1

In a wilderness context, about the only possibly-
appropriate use of a cervical collar is a deeply-comatose 
patient whose head, if not supported, would flop 
around. On the other hand, using a vacuum mattress 
or a rolled up blanket around the head, as shown in 
the NCRC packaging, is better as it is unlikely to cause 
worse brain damage. If you were doing a piggyback 
or improvised stretcher evac of a deeply-unconscious 
trauma patient is the only situation where a cervical col-
lar might help more than hurt. 

For an alert and cooperative patient, that best 
substitute for a cervical collar in an alert, cooperative 
patient is “Jim! Please hold your head neck in the same 
position while we get you in the litter. And during the 
evacuation.”

There are many cases in between, and for those, you’ll 
have to use your judgment. If you can do it, a call to a 
physician might help you decide.

1 https://www.wemjournal.org/article/S1080-6032(19)30151-6/fulltext

https://www.wemjournal.org/article/S1080-6032(19)30151-6/fulltext
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R e a l i g n i n g  F r a c t u r e s  a n d  S p i n e s 
 Field II 

Some fractures make an arm or leg bend in the wrong place. Splinting these 
“as they lie” can be hard. And, there are benefits to getting bones roughly 
back into position: less pain, less bleeding, less skin damage.

Before we go any further, let’s discuss some terminology: reducing a frac-
ture means getting the bones back into good enough position to be casted 
and to likely heal well. That’s part of my day job as an emergency physician. 
Reducing a fracture requires specific knowledge of how to reduce fractures, 
experience and often multiple X-rays. This is usually reserved for orthopedic 
surgeons and emergency physicians. 

Realigning a fracture means getting it roughly in place so you can splint it 
more easily and there will be less damage to bones, blood vessels, skin and 
the like. Realigning a fracture is a wilderness first aid level skill. 

Before you attempt to realign a fracture, prepare your splint, so that as soon 
as you’ve realigned the fracture, you can immediately put on the splint. Also 
prepare the patient. Say something like, “It will hurt when we realign your 
leg but after we realign it, your pain will decrease, and it will decrease the 
chance of long-term damage.”

Realigning a long bone fracture is simple. It’s easiest with two people 
although you can do it with one person using both hands. One person 
holds onto the arm or leg above the deformity with both hands. Another 
person holds onto the arm or leg below the deformity with both hands. The 
two people pull firmly apart, along the axis of the arm or the leg: in-line trac-
tion. This is not a painless procedure but the reduction in subsequent pain 
and tissue damage means the the potential benefits outweigh the potential 
harms. 

Sometimes there is an open fracture: bone visible in a wound or sticking 
out, or deep lacerations right where there might be a connection down 
to the broken bone. If so, irrigate the bone and open lacerations before 
realigning the fracture, as described in Finger Amputations on page 159. 
After irrigating, attempt to realign with in-line traction. If bone was exposed, 
record a note of it (a cellphone picture would be helpful) and try to make 
sure either the picture or your notes get to the orthopedic surgeon who will 
be caring for the open fracture. As with finger amputations, an approriate 
antibiotic as soon as possible will help decrease the risk of bone infection.

Rarely, your attempt to realign a fracture will fail because the fracture is 
mechanically locked or the patient won’t let you realign it. If you attempt 
major resistance, either of the bone itself or the patient, you should give 
up and “splint it as it lies.” But in almost all situations with an angulated 
fracture in the backcountry, you should attempt to realign it. 

Sometimes, you will find a patient in a contorted position so that his or her 
spine is twisted. Even if you suspect a spinal fracture you should attempt to 
realign the spine back to a normal position, for the same reasons as for a 
long bone fracture. For the spine, instead of axial traction, you use as many 
hands as you can get on the patient to gently but firmly rotate the spine 
back to a neutral position. As with a long bone fracture, if you encounter a 
mechanical blockage to untwisting, or the patient resists, you may have to 
package the patient in a twisted position.

The 2019 Wilderness Medical Society Clinical Guidelines for Spinal Cord 
Protection state: “Neutral alignment should be restored and maintained 
using nonrigid tools during extrication, unless such a maneuver is met with 
resistance, increased pain, or new or worsening neurologic deficit.”

https://www.wemjournal.org/article/S1080-6032(19)30151-6/fulltext

 

W h a t ’ s  i n  a  N a m e ? 

As Shakespeare said, “That which we call a rose by any 
other name would smell as sweet.”1 

The section Spinal “Immobilization” on page 61 has a 
title that says Spinal “Immobilization” in quotes because 
pedants2 insist that (a) we can’t truly “immobilize” spine, 
and (b) very few patients really need what others call 
“immobilization,” what they need is called… wait for it… 
spinal motion restriction.

These are the same sort of people who call a ratchet a 
PCD (progress capture device). Thes are the same sort 
of people who insist that we change those road signs 
that are diamond-shaped and yellow and that say “DEAF 
CHILD.” They say to change them so that they say 
“HEARING IMPAIRED CHILD” or perhaps “MILDLY TO MODERATELY 

HEARING IMPAIRED CHILD.” 

You have to decrease the size of the text to fit it on the 
sign. Which means that either (1) you can’t read it when 
you’re driving along at 25 miles per hour, or (2) you are 
paying so much attention to reading the sign that you 
aren’t paying attention to the road and you hit the deaf 
child.

Sir Francis Bacon once famously said “We are more likely 
to reach the truth through error than through confusion.” 
Which is, ultimately, why this section is titled “immobili-
zation” and not “spinal motion restriction.” 

That said, when Seth Hawkins, who was one of my 
emergency medicine residents and is now a leader in 
the mountain rescue community, along with some of his 
colleagues, authored a 2019  update to the prrior 2013 
Wilderness Medical Society Practice Guidelines for Spinal 
Cord Immobilization and called it Wilderness Medical 
Society Practice Guidelines for Spinal Cord Protection, I was 
pleased. 

Rather than talking about “spinal motion restricton” we 
should all switch to their term of “spinal cord protection.” 
But immobilization stays in the section title for now, as 
that is what people’s eye will be scanning for when look-
ing through the text. Once Seth’s term catches on, we can 
change the title of the section to Spinal Cord Protection. 

Good job, Seth et al. 

https://www.wemjournal.org/article/
S1080-6032(19)30151-6/fulltext

1 Juliet, in Romeo and Juliet, Act II, Scene II, referring to Romeo’s 
house and name of Montague instead of her house and name of 
Capulet.

2 Yes, we have them in EMS and wilderness search and rescue, and 
indeed I have been accused of being pedantic from time to time, 
like as in just writing this chapter. Wiktionary says a pedant is (1) 
(archaic) A teacher or schoolmaster; (2) A person who emphasizes 
their knowledge through strict adherence to rules of vocabulary and 
grammar; and (3) A person who is overly concerned with formal 
rules and trivial points of learning.

https://www.wemjournal.org/article/S1080-6032(19)30151-6/fulltext
https://www.wemjournal.org/article/S1080-6032(19)30151-6/fulltext
https://www.wemjournal.org/article/S1080-6032(19)30151-6/fulltext
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I m p r o v i s e d  S p l i n t s
 Field II 

Improvised splints are a fundamental of wilderness first aid. Keeping 
some lightweight splints in your wilderness first aid kit, as described 
below, is a good idea, but sometimes you must improvise. The very 
nature of improvised splints make it difficult to tell you how to impro-
vise them: it depends on what’s available and your ingenuity. The old 
“two sticks and four triangular bandages” method doesn’t work, as 
shown by my daughter bending her elbow below. But using multiple 
thin, flexible sticks and some duct tape, you can make a very good 
splint, as shown to the right. Foam pads from inside a pack, or a sit 
pad or sleeping pad, can make a good splint.

 

M i l k - J u g  S p l i n t s

For a free ultralight disposable set of splints for your wilderness first aid kit, use the diagrams below to cut out part of a one-gallon milk or water 
jug. Put several of these in your kit. Make sure you don’t crease them as this will make them break; wrap them around some of your kit contents 
instead of folding them. Or, you can keep them in the back pad/Camelbak pouch inside your pack. 

Combined with a few bits of duct tape, they make great splints: they are already some-
what anatomically rounded, they are flexible around the limb, but when curved around 
the limb are rigid along the limb. Due to the anatomic curve, they need minimal if any 
padding. Don’t use jugs with ridges molded into the edges; they may create pressure 
sores.

As you can see from the picture below, you will want to add a second and third one on 
top of the first one to splint the wrist and the elbow (“splint the joint above and the joint 
below a long bone”). An alternative to a milk jug is to cut out part of a gallon windshield 
washer jug. It’s not as anatomically curved, but it is longer. 
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P e l v i c  F r a c t u r e s 
 Field II 

If the pelvic ring is fractured in multiple places, as shown in the figure, 
the front can open up, and the “wings” (iliac bones) fold back, result-
ing in an open-book fracture. These fractures tend to bleed into the 
lower abdomen. Bringing the two parts of the pelvis back together in 
front with a pelvic binder decreases the size of the lower abdomen and 
can help stop internal bleeding. Bleeding from a fractured pelvis can 
be fatal.

Pelvic binders are discussed in the main text, but while you are look-
ing at this illustration is a good time to consider that a pelvic binder 
does not go around the pelvis; it works better if you wrap it around the 
greater trochanter of both femurs. 

Pelvic Fractures
Public domain via Wikimedia Commons, courtesy U.S. Library of Congress. 

From Heinrich Helferich, Atlas and Epitome of Traumatic, 1902 

Location of the Femur

Via Wikimedia Commons, licensed under the Creative Commons 
Attribution-Share Alike 2.1 Japan license, courtesy Anatomography.

Anatomy of the Femur
Public domain via Wikimedia Commons 

From Gray’s Anatomy, 1913 
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Loading and Dealing with Injury/Illness 

 Field II 

Back in the 1970s, I was taught to log-roll a patient onto 
a backboard. Backboards are now “out” and so is log-
rolling. Log-rolling doesn’t really hold the cervical spine 
stable, if you’re worried about that, and it’s also very bad 
for pelvic fractures. 

So, how do you load a patient in the litter? Well, if the 
patient is just dehydrated and weak, so no worries about 
spine or pelvic fractures, you just say “Would you please 
lie down in the litter?” And if the patient just has an 
isolated ankle injury that you’ve splinted, you say “Here, 
lean on me while you get into the litter.”

But if the patient has had what, in technical terms, we 
might call a “big splat” with multiple injuries, a different 
method might be better.

When I took an EMT-Basic course back in the 1970s, 
I was told “never step over the patient.” Nobody told 
me why this was so. perhaps it is because you might 
step on the patient, though that seems unlikely. It might 
be because, as a Russian might say, it’s некультурный. 
That’s “uncultured,” which in Russian is a fairly serious 
insult.

However, for loading a patient in a litter, stepping 
over the patient is culturally-sensitive for the wilderness 
context. Especially if the patient is in a narrow crevice, 
which is common in cave rescue and sometimes occurs 
above-ground, stepping over the patient is unavoidable. 
But even better than stepping over the patient is strad-
dling the patient, with one foot on either side. Because if 
you are standing right over the patient, you can use your 
legs to lift the patient, not your back; and if your feet 
are spread far enough, someone can slide the litter right 
between your feet and then you can lower the patient 
into the litter. With some practice, you can get good at 
this, and the patient moves minimally. Sometimes it 
may be more appropriate to stand beside the patient and 

lift, sliding the litter in from the side. At all depends on 
the terrain. 

There are tricks for picking up a patient like this. One 
is to grab the patient’s belt buckle and pants with one 
hand, and then use your other hand to grab the patient’s 
pants cuffs. Pro tip: put two fingers in one pants cuff and 
two fingers in the other pants cuff. You get extra style 
points for this. 

Sometimes it’s not possible to get enough people on 
one side or straddling the patient. If so, you can use 
webbing slings leading up to people standing a bit too 
high above the patient to use their hands to lift.

Regardless of the specific arrangement of lifters, the 
goal is not to cause more damage as you load the broken 
patient into the litter. And, you should apply a pelvic 
binder and appropriate splints before loading the patient 
into the litter if at all possible. The straddle position 
is the best position for lifting without damaging your 
back, and is preferred. At an AMRG meeting a couple 
of months prior to my writing this, 
we were practicing putting on pelvic 
binders. Heather Houlahan asked 
if it would be appropriate to use 
the pelvic binder as a lift point. I’m 
still somewhat undecided about 
whether this is a good idea or not, 
but Heather laid herself down on the 
floor, and I stood above her with one 
foot on either side, grabbed the pel-
vic binder, and lifted with my legs, 
not my back. Now Heather probably 
weighs as much as I do, and I’m cer-
tainly no muscle-bound athlete. But 
when I lifted, I found I was easily 
able to suspend her in midair with-
out the slightest strain. Surprisingly, 
the pelvic binder was right at her 

 ▸ To load trauma patient into litter, don’t use log roll; 
instead, use many hands to raise and lower patient 
into litter; use slings to help if needed
 ▸ If the patient has injured leg, modify foot support to 
go just to good leg
 ▸ If both legs injured, use seat harness for support 
 ▸ If pelvis injured, use chest harness for support 
 ▸ If patient has chest injury or illness and worse on 
one side, put good side down

 ▸ If patient is dehydrated, in shock, or hypothermic, 
keep litter level
 ▸ Tilting litter head-down interferes with breathing, 
likely bad for shock and head injury
 ▸ For deeply hypothermic patient with frostbitten 
hands/feet, OK to put hot packs on hands and feet 
to rewarm them, but with insulation around heat 
packs

I m p o r t a n t  P o i n t s

ASRC Members Preparing to 
Load Patient into Wire-Basket 

Stokes Litter, circa 1974
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center of gravity, so she balanced very nicely, with head 
and feet suspended at midair. Perhaps this center-of-
gravity effect argues in favor of lifting by the pelvic 
binder rather than by hands or slings on either side of 
it. It’s also easier to grab something on top of the patient 
rather than having to bend further to reach underneath 
the patient, and since the pelvic binder is quite wide, 
it provides broad support for the patient compared to 
narrower hands or slings. However, you also need to lift 
all of the rest of the patient at the same time, not solely 
with the pelvic binder like I did with Heather. 

One final thought: unloading the patient from the 
litter. Some patients will be sick or injured enough that 
you just transfer them from the litter to an ambulance 
or helicopter stretcher; as with putting them in the litter, 
the many-hands approach is best for getting them out of 
the litter.

But some patients feel OK and will demand to get out 
of the litter. But some such patients will get out of the 
litter, stand up, and immediately pass out. It’s best to ask 
them to get up slowly, in stages, stopping for a minute 
or two (not just a few seconds) to make sure they don’t 
pass out. Have them sit up first, then if that goes OK, 
have them roll over and get up on their knees, and only 
if that goes OK, finally stand up.

Packaging for Injury or Illness 
 Field II 

Patients need foot support to keep from sliding down in 
the litter. But what if the patient has a bad leg injury?

Well, you can put a foot support under just the good 
leg. But if both legs are injured, you may be better off 
setting up a pelvic suspension, either by running slings 
from the patient’s seat harness attachment point up to 
some struts or attachment points on the litter. If the 
patient doesn’t need a seat harness, or one isn’t readily 
available, you could simply use padded crotch slings up 
to a strut or attachment point.

If the patient likely has a pelvic fracture, you may 
have to rig up a chest harness to support the patient, 
though this is a double-edged sword: compression of the 
chest can cause respiratory distress. If you need to do 
this, use a Parisian baudrier chest harness, discussed in 
Chest Harnesses on page 130. You can rig slings from 
the central knot of the baudrier up to high struts or 
attachment points. 

The ideal solution for all these problems for keep-
ing the patient from sliding in the stretcher is to use 
a pumped-out vacuum mattress. There is no need for 
any additional patient supports when you’re using a 
pumped-out vacuum mattress. 

If your patient has a chest injury, or pneumonia, 
we know that you should position the patient on his 
or her side, with the good lung down. We know this 
from a study of ICU patients where the rolled patients 
on different sides and measured their pulse oximetry 
(the amount of oxygen in the blood).1 This likely works 
because it shifts more blood flow to the lung that’s 
down. If you’ve got a vacuum mattress, it’s fairly easy 
to position the patient on his or her side. You put the 
patient in the vacuum mattress on his or her back, and 
fasten the straps. Then, you use many hands to place the 
patient and the vacuum mattress in the litter on the side, 
and then and only then pump out the vacuum mattress.

Positioning on the side, with the face tilted down a 
bit, is also appropriate for deeply unconscious patients. 
Then, when they vomit, they are less likely to aspirate 
the vomit into their lungs..

It’s easier with a vacuum mattress, but you can 
position a patient on his or her side in a Stokes basket 
without a vacuum mattress. It just takes lots of padding. 
Sometimes you can raid the litter team’s packs for spare 
clothing, wrapping it in leaf bags (you all have leaf bags, 
right?) to protect it from noxious bodily secretions. 

Getting a bit of water or Gatorade in your lungs is no 
big deal, we’ve all done it. But stomach acid in the lungs 
is very bad. Even if you don’t notice it happening, deeply 
unconscious patients tend to get acid reflux into their 
throats which then drains into their lungs without you 
ever seeing them vomit. If the patient is already on the 
side, you just have to tilt the litter a bit to the side to let 
the stomach acid drain out.  

We used to think it was good to keep head-injured 
patients tilted in the head-up position.2 Having the head 
tilted slightly up is OK, but there’s no need to worry 
about it overmuch, as it doesn’t make much difference. 
And, tilting in the head-up position is bad for shock, 
and shock is bad for brain injuries. It turns out that 
the most important part of packaging for the head-
injured patient is the neck. Anything pressing on the 
neck decreases venous blood outflow from the brain, 
and raises intracranial pressure. (That’s bad.) So when 
packaging a head-injured patient, check the neck very 
carefully for anything that might be going across it and 
worsening the head injury. 

Speaking of shock, keeping the feet elevated a bit is 
good for shock, and tilting the head up is bad for shock. 

1 Johnson, K. L. and T. Meyenburg (2009). “Physiological ratio-
nale and current evidence for therapeutic positioning of critically 
ill patients.” AACN advanced critical care 20(3): 228-240. https://
pubmed.ncbi.nlm.nih.gov/19638744/

2 When we’re talking head-up or head-down position for a litter 
patient, we’re talking about a foot or half a foot of difference between 
the head and foot, no more. 

https://pubmed.ncbi.nlm.nih.gov/19638744/
https://pubmed.ncbi.nlm.nih.gov/19638744/
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So having the taller litter bearers at the foot makes 
sense, though you can’t do this with the standard litter 
bearer rotation. But if you’ve got to do a semi-tech evac 
with someone in shock, what do you do? People have 
suggested doing the semi-tech head-first. The only 
problem is that then all of the abdominal contents are 
pressing upwards, making it hard for the patient to 
breathe. It’s a judgment call, depending on the state of 
the patient’s chest and lungs vs. degree of shock. Being 
upside down is pretty hard on the breathing, so my 
choice would usually be to go down feet first, but trying 
to keep the litter as level as possible. 

Even if not in shock, tilting dehydrated patients in the 
head-up position is bad. And hypothermic patients get 
dehydrated from the cold. There is a famous “Four Inns 
Walk” in England (think “somewhat civilized adven-
ture race”), and during the 1964 race, three runners got 
severely hypothermic and died. One of the patients was 
transported in the head-up position, had a seizure, and 
died. This doesn’t happen often, luckily, but it’s some-
thing to think about.1 

One of the rules for wilderness patients is to always 
give oral fluid and food and warmth unless there is 
some exceedingly good reason not to. So if you can give 
food and fluid before the semi-tech evac, by all means 
do so, it might be lifesaving. While people sometimes 
talk about “rewarming shock” as a reason not to rewarm 
a hypothermic patient quickly, there’s no way to rewarm 
rapidly in the backcountry. (Unless you carry a hot tub 
in your pack; if so, let me know so I can go hiking with 
you.) Add as much heat as you can! 

It is traditional to place hot packs at six areas of high 
heat exchange with the core. These are places where big 
blood vessels are close to the skin. These are also the 
places that you curl up to protect when you’re cold: the 
sides of your neck, your armpits, and your groin. 

However, military research dating back to 1973 
strongly suggests that the best places to place heat packs 
are, in order: the axillae  (armpits), anterior (front of 
the) chest, and upper back.2 The military investigated 
different methods for preventing additional hypother-
mia and treating hypothermia and settled on some-
thing called a HPMK (Hypothermia Prevention and 
Management Kit).3 It’s an olive-drab mummy sleeping 

1 Pugh, L. G. C. E. (1966). “Accidental hypothermia in walkers, 
climbers, and campers: report to the medical commission on accident 
prevention.” Br Med J: 123-129. https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC1843356/pdf/brmedj02533-0021.pdf
2 Hayward, J. S., et al. (1973). “Thermographic evaluation of relative 
heat loss areas of man during cold water immersion.” Aerosp Med 
44(7): 708-711. https://pubmed.ncbi.nlm.nih.gov/4715082/
3 Bennett, B. L. and J. B. Holcomb (2017). “Battlefield Trauma-
Induced Hypothermia: Transitioning the Preferred Method of 
Casualty Rewarming.” Wilderness Environ Med 28(2S): S82-S89. 
https://pubmed.ncbi.nlm.nih.gov/28483389/

bag with a facemask made of what people call “Space 
Sportsmen’s Blanket” material. There are Velcro type 
fasteners on the edges for easy access.

There is a pocket on the inside of the chest for four 
iron-type (long-lasting) heat packs. HPMKs are avail-
able online for less than $100. They are considered 
disposable, but you can clean and reuse them with com-
mercial iron-type hot packs. A HPMK will work as an 
outer shell, but it has essentially no insulation. A HPMK 
weighs a bit more than 4 pounds (a bit less than 2 kg) 
and iss about 12” (30 cm) x 8” (20 cm) x 5” (13 cm).

Remember that some brands of hot pack can cause 
burns if put right against the skin, so make sure there 
is a layer of clothing or other material between the hot 
pack and the skin. 

A little-known and non-intuitive fact with which to 
amaze your fellow SAR team members is as follows. 
For hypothermic patients, we emphasize adding heat to 
the core, and not the periphery. The arms and legs are 
the periphery, and rewarming them first can cause low 
blood pressure and even shock. The Alternative Blanket 
Hypothermia Wrap on page 51 shows how to isolate 
the arms from the core so that you can preferentially 
warm the core. You could use this blanket wrap inside a 
HPMK shell. 

But there are direct deep-vein connections between 
the hands and feet – not the arms and legs, but the 
hands and feet – and the core. Which means if you’re 
worried about frostbite of the hands and feet – or even if 
you’re not, you just have some extra hot packs left over – 
putting hot packs next to the hands and feet is not only 
acceptable, it’s actually a pretty good idea. It will rewarm 
frostbite more rapidly than otherwise, which is good, 
and will help rewarm the hypothermic core. 

While hot packs add some heat, a HeatPac charcoal 
rewarming device adds much more heat – it’s like hav-
ing a 75 Watt incandescent lightbulb in with the patient 
– and is recommended for rewarming hypothermic 
patients and keeping patients warm in the winter. The 
HeatPac includes a platinum catalytic converter to 
prevent poisonous carbon monoxide in the exhaust, but 
it still produces carbon dioxide, which can interfere with 
breathing. Route the small black exhaust tube away from 
the patient’s face. See https://www.pitt.edu/~kconover/
ftp/Vest.htm.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1843356/pdf/brmedj02533-0021.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1843356/pdf/brmedj02533-0021.pdf
https://pubmed.ncbi.nlm.nih.gov/4715082/
https://pubmed.ncbi.nlm.nih.gov/28483389/
https://www.pitt.edu/~kconover/ftp/Vest.htm
https://www.pitt.edu/~kconover/ftp/Vest.htm
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Rope and Webbing 

 Field III 

Humans have been making and using rope for 
thousands, if not tens of thousands of years. One of 
the historical high points of rope manufacture was the 
Inca Empire in the Andes mountains of South America, 
which flourished from ~1200 CE until the Spanish 
conquest in 1572 CE. Much as the Roman Empire was 
held together by roads such as the Appian Way, the 
Inca Empire’s engineers created a continent-spanning 
web of roads. In the rugged mountains of the Andes, 
these roads had to cross great gorges; the greatest 
known span is a 148-foot gap north of Cuzco. The Inca 
designed ropes far surpassing designs known in Europe 
at the time, using them for bridges that would support 
mounted soldiers and livestock. These ropes were made 
of local vegetable fibers, woven using time-tested meth-
ods. Indeed, some rope bridges in the Andes are still 
replaced yearly by those living nearby.

Up until the 1960s, manila rope, also made of veg-
etable fibers, was the standard. Manila rope was made 
in ropewalks, long warehouse-like buildings where 
fibers of the Abacá (Manila hemp) plant, obtained 
from the Philippines, are twisted first into threads, then 
threads twisted into thicker fibers, then thicker fibers 
twisted into rope itself. This was known as “laid” rope. 
The fibers used to make Manila rope are long: 1.2 to 4.5 

meters (4 to 15 feet). This length helps make Manila a 
superior natural-fiber rope. The rope holds together 
by the friction between the overlapping fibers, and the 
longer the fiber, the stronger the rope.

Nylon kernmantle (core-sheath) rope is made with 
fibers that extend the length of the rope, surrounded by 
a woven nylon sheath to protect against ultraviolet light 
and abrasion. See the sidebar Nylon Arrives on page 
72 for more about the differences between laid and 
kernmantle rope. 

Types of Rope 
 Field III 

There are a half-zillion types of rope. If you look at the 
Cordage Institute Publications Catalog1 you will see a 
3-page listing of the major types. People who are really 
into ropes can (and will at the drop of a hat or the offer 
of a beer) go into exquisite detail about the specifics of 

1 http://www.ropecord.com/cordage/publications/Publications%20
Catalog%201-04.pdf

 ▸ Laid rope made by twisting fibers into thread, twist-
ing thread into cords, and twisting cords into rope. 
 ▸ Kernmantle rope made from core of continuous 
synthetic fibers covered by sheath of woven syn-
thetic fibers.
 ▸ Kernmantle rope made from nylon used for rescue
 ▸ Ideal rescue rope stretches little with rescue loads, 
but can absorb energy from shock load 
 ▸ Newer rope materials (Dyneema, Spectra, Kevlar, 
Technora) are stronger than nylon, but poor energy 
absorption
 ▸ Knots reduce rope strength by up to 50%
 ▸ Fall Factor is length of fall divided by the length of 
rope available to absorb shock; high fall factors 
mean higher stress on rope system and higher 
likelihood of failure
 ▸ Static ropes designed with low stretch for rescue 
use, dynamic ropes designed for lead climbing with 
a high fall factor

 ▸ Stepping on a rope frowned upon but unlikely to 
hurt rope
 ▸ Nylon rope damaged by heat, ultraviolet light, bat-
tery acid, concentrated bleach and age
 ▸ Wet ropes not as strong as when dry
 ▸ Urine decreases strength of rope by ~20%.
 ▸ Nylon rope running over stationary nylon rope can 
easily cut through via weld abrasion
 ▸ For nylon rope running over moving rope, as with 
Münter hitch, weld-abrasion not a problem
 ▸ Hot lowering or rappelling device can damage 
nylon, use lowering devices with good heat dissipa-
tion, such as rappel rack, in hot environment
 ▸ Fire services use 1/2” (13 mm) rope, and wilderness 
rescue services use 7/16” (11 mm) rope; movement 
in both services to smaller and lighter rope
 ▸ Rope pads protect rope from abrasion over sharp 
edge.

I m p o r t a n t  P o i n t s

http://www.ropecord.com/cordage/publications/Publications%20Catalog%201-04.pdf
http://www.ropecord.com/cordage/publications/Publications%20Catalog%201-04.pdf
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rope materials, construction and testing. We will not be 
discussing more than a fraction these. 

Rope Materials
 Field III 

Even within the most common material used for 
wilderness search and rescue rope, nylon, there are 
variations; the original nylon 6,6 (also known as 6-6) 
was manufactured by one specific patented process, 
pioneered by DuPont in 1935. Later a variant, nylon 6 
(no additional comma or numeral) was developed to 
get around the patent, and was itself patented as Perlon. 
For primarily historical reasons, nylon 6,6 seems to be 
used in American ropes, and nylon 6 (Perlon) seems to 
be used in European ropes. Though there are important 
differences to chemical engineers, and rope manufactur-
ers will passionately defend their choice of nylon type 
(especially if you buy them a beer) there are no signifi-
cant differences that search and rescue types should 
care about. So if someone insists that you should prefer 
Perlon rope to plain nylon rope just ignore it. 

There are other materials that are used in certain 
types of rescue ropes: polypropylene, ultra-high-molecu-
lar-weight polyethylene (UHMWPE, UHMW) available 
under the brand names of Dyneema and Spectra, and 
aramid (a contraction of aromatic polyamide), marketed 
under the tradename Technora.1

Polypropylene (“polypro”) ropes are used primarily 
in water rescue. They aren’t quite as strong or abrasion-
resistant as nylon ropes, but they have one great advan-
tage: they float. Whitewater kayakers and canoeists (yes, 
they are distinct; aficionados will tell you about the 
differences in great detail) tend to carry throw bags with 
a 50-100’ length of polypro rope for when things go bad. 
Longer polypro ropes are sometimes used by whitewater 
rescue teams. 

The newer Dyneema and Spectra and Technora ropes 
are used for some accessory cord (for pre-tied/sewed 
rope or webbing slings, or on chocks or other devices 
for lead-climbing), and are available in longer lengths 
as well. This stuff is, weight for weight, and diameter 
for diameter, significantly stronger than nylon, and 
stretches less than nylon.2 Sounds great! 

1 Technora is basically an improved version of Kevlar: Kevlar rope 
lost its strength quickly with use due to something called self-
abrasion. The main use of Kevlar rope was for single-use, disposable 
emergency escape ropes for the fire service; the high melting point of 
Kevlar compared with nylon was a big selling point for Kevlar escape 
ropes.
2 My first nylon rope was made of twisted nylon: Goldline. Between 
the stretch of the nylon material and the stretch from the twisted 
rather than kernmantle construction, I would start ascending up a cliff 
or a pit with my Prusiks and it would take me a couple of minutes of 

However, these newer, stronger materials also have 
very poor energy absorption compared with nylon. That 
means that if you’re tied into a Dyneema or Spectra or 
Kevlar or Technora rope, and there is slack in the rope, 
and you fall … well, instead of a nice little bounce at 
the end that absorbs some of the shock-load, you stop. 
Just like that. No bounce. No energy absorption. (Well, 
not much.) So, even if the rope is quite strong, maybe 
the shock load breaks the rope. Or the anchor, or the 
anchor sling. Or maybe you. Sort of the exact opposite 
of bungee-jumping.

An interesting fact about these strong, low-stretch 
ropes is that knots reduce their strength significantly 
more than with nylon rope. According to RopeLab, 
nylon and polypropylene rope retains more than 50% 
of its strength when knotted. There were reports from 
the sailing industry that knots in the newer low-stretch 

ascending, pulling the rope tighter, before I actually left the ground. 
One of the goals of rope designers is to minimize this stretch with low 
loads but provide stretch, or more properly energy absorption, with a 
severe shock load as from a lead-climber’s or litter’s fall.

Swedish Ropewalk (Living History Demonstration)
Via Wikimedia Commons, cc-by-sa-3.0, courtesy user BoatBuilder.

Inca Rope Bridge
Via Wikimedia Commons, licensed under the Creative Commons Attribution-Share 
Alike 1.0 Generic license, courtesy Rutahsa Adventures http://www.rutahsa.com/

http://www.rutahsa.com/
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Dyneema, Spectra and Technora reduced strength 
by more than 50%, negating some of the supposed 
strength-to-weight ratios of these ropes, but RopeLab 
did its own tests that did not confirm this, supporting 
the “knots reduce strength by less than 50%” rule also 
applies to these newer, high-strength ropes.1

Finally, color: it is said that high-contrast colors (for 
example, yellow with purple stripes) allow you to better 
judge how fast the rope is going out. 

For more on different rope materials, see http://www.
ropelab.com.au/rope-materials/ and http://caves.org/
section/vertical/nh/49/cthsc/cthsc.html.

1 https://www.ropelab.com.au/members-8mm-technoradyneema-
ropes/ (paywalled)

 

N y l o n  A r r i v e s 

When I first started climbing and caving in the 1960s, new-
fangled nylon ropes were just the becoming available. Unlike 
the fibers in manila rope, the nylon fibers are continuous 
throughout the entire length of the rope. These new artificial-
fiber ropes supposedly had a longer lifetime, lighter weight, 
and better resistance to abrasion. 

My mother bought me one of these “Goldline” ropes for 
my first climbing rope. It was a “laid” rope (twisted) just 
like our old manila ropes. It was certainly a lot stiffer than 
manila rope, and very hard to coil and cast. We found that 
the smaller diameters of Goldline just didn’t work as Prusiks. 
They didn’t bend enough to grip the rope, and they ended up 
deforming into unmanageable twists that simply couldn’t be 
put on the rope. So we ended up using manila Prusiks on our 
Goldline to ascend static lines (“fixed ropes”). 

Rappelling on Goldline tended to untwist it, and as a result 
you got big twists of rope salad right beneath you, much like 
a twisted telephone handset cord. You had to untwist the 
rope beneath you as you were rappelling. And, when ascend-
ing a free drop on Goldline, one of nylon’s characteristics – it 
was slippery compared with manila fibers – meant that the 
nylon fibers would untwist as you were hanging on them. 
People would spin enough that some would vomit from it. 

The European manufacturer Edelrid had developed some-
thing called kernmantle rope in 1953, the year I was born, and 
started marketing it in North America in the late 1960s, We 
looked at it very carefully to see if it was better than Goldline 
– it was certainly more expensive. 

The German “kernmantle rope” really should have been 
translated into English as “core-sheath rope.” But that word 
“kernmantle” had a certain cachet, and as they wanted you 
to pay a lot more for this rope, I guess it made marketing 
sense. So I ended up getting one of the early Edelrid climbing 
ropes. And, after using that kernmantle rope a bit, I quickly 
consigned my old Goldline rope to the dustbin of history. 

Kernmantle rope was easier to coil, easier to cast, much 
easier to tie knots with, and didn’t twist or spin you while 
rappelling or ascending. A big win all around (except for the 
wallet). And you could make functional Prusik loops of the 
thinner kernmantle! 

Unlike laid (twisted) rope, kernmantle ropes contain a core 
of full-length fibers, making the rope quite strong. If you take 
a knife cut through the mantle (sheath) a kernmantle rope, 
you will see a kern (core) of soft, fluffy, and not-very-abrasion-
resistant-looking parallel or twisted fibers. 

We originally worried that, if a rock cut the sheath, then it 
would go through the core like butter. In practice, this doesn’t 
seem to happen, but we all still inspect ropes as we coil and 
uncoil them… and if the sheath is significantly damaged, it’s 
time to retire it and cut the rope into smaller pieces, or, if 
lives depend on using the rope right now, maybe tie out the 
bad section with a butterfly knot. 

We also worried that, if you had a Prusik or ascender on the 
sheath, the sheath might slip down the core. But modern 
kernmantle ropes are made so as to prevent this. Kernmantel Rope

Via Wikimedia Commons, cc-by-sa-3.0, courtesy user Fred.

Laid Rope
Via Wikimedia Commons,  licensed under the Creative Commons 

Attribution 3.0 Unported license, no user listed

http://www.ropelab.com.au/rope-materials/
http://www.ropelab.com.au/rope-materials/
http://caves.org/section/vertical/nh/49/cthsc/cthsc.html
http://caves.org/section/vertical/nh/49/cthsc/cthsc.html
https://www.ropelab.com.au/members-8mm-technoradyneema-ropes/
https://www.ropelab.com.au/members-8mm-technoradyneema-ropes/
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Lead Climbing and Fall Factor
 Field III 

In lead climbing, one climbs above one’s belayer. (The 
use of the impersonal – and numerical – “one” here is 
your clue that some math is coming up and you’d better 
pay close attention.) And the potential distance one can 
fall is twice the distance above the belayer or last “pro-
tection.” One places protection in the form of chocks or 
Friends or other brands of protection in cracks in the 
rock. And one clips the belay rope through a carabiner 
attached to the protection, so that one can theoretically 
fall only twice the distance above one’s most-recently-
placed protection. The shock load on one’s system (and 
one’s body) is smaller if one falls a shorter distance, 
and larger if you fall a longer distance. The shock load 
is smaller the more rope there is to absorb the energy 
of the fall. See the figures for two different graphical 
explanations. 

Wikipedia’s entry on Fall Factor has a wonderful 
derivation of an equation that describes the maximal 
force given a particular fall factor and a particular rope. 
Then it goes on to say that this equation doesn’t work 
and you actually have to test ropes. Reminds me of the 
mathematician’s recipe for fried chicken. It starts “First, 
assume a spherical chicken.”

However, this fall-factor stuff assumes that one’s 
protection doesn’t pull out in a dramatic zipper fall. 
A zipper fall is where your weight is caught by a piece 
of protection, but then the protection pops out; one 
falls further, then one is caught by the next piece of 
protection briefly before it pops out, and so on down 
to the bottom. Once in Camp 4 in Yosemite Valley my 
climbing partner was about 50’ up an aid climb from 

h

h

L

L

1 2

Fall Factor 
In lead climbing using a dynamic rope, the fall factor (f ) is the ratio of 

the height (h) a climber falls before the climber’s rope begins to stretch 
and the rope length (L) available to absorb the energy of the fall.

Licensed under the Creative Commons Attribution-ShareAlike 
3.0 License via Wikpedia, courtesy user fashionslide

Length of Fall

Length of Rope

Fall
Factor
2

Fall
Factor
1

Fall
Factor
1/3

The longer the fall, the worse the shock 
load. The longer the rope to hold the fall, 
the smaller the shock load.

Fall Factor
fall length divided by rope length



74  8: Nontechnical and Semi-Technical Evacs

Rope and Webbing        Types of Rope        Static Ropes 

the ground when he did a zipper fall all the way down.1 
He landed on his feet without any injury. After a second 
of shock, he bowed and took applause from bystanders. 
(David said it didn’t hurt a bit. But not all zipper falls 
end so well.) 

OK, enough math. The point is that with lead-
climbing there can be a long fall before you’re caught by 
the rope. If you’re using Goldline, you will bounce up 
and down for about a minute and get lots of abrasions 
from being scrubbed against the rock. (I may exaggerate 
slightly.) But: not much shock-loading. 

But, Goldline would stretch and stretch and stretch 
when you loaded it. Which means when you were rap-
pelling over an edge, you had to lean back slowly and 
let your body weight stretch out the rope. If it was a 
fair way from the anchor to the edge, it would stretch 
several inches as you applied your body weight. Which 
is a scary feeling when you’re right at the edge; what is 
worse, if you started rappelling without accounting for 
the stretch, you might fall over backwards right as you 
were going over the edge. And ascending? You’d have to 
spend a minute or two with your ascenders just pull-
ing the stretch out of the rope before you finally started 
moving up the rope. 

Whereas, if you’re using Dyneema or Spectra as your 
rope while ascending, you don’t have to pull out any 
stretch as you’re rappelling over the edge, or starting to 
ascend. But if you’re using Dyneema or Spectra as your 
belay while lead-climbing, and you fall, your harness 
stops abruptly, cuts you in half, and the two parts of 
your body land on your belayer. This is the ultimate 
“static” rope, and Goldline is the ultimate “dynamic” 
rope. Or perhaps bungees for bungee-jumping are the 
ultimate “dynamic” rope. 

A paper from the 2009 International Technical 
Rescue Symposium by Jim Kovach entitled Fall Factors: 
Do They Apply to Rope Rescue and Rope Access? however 
showed that the shock load on static rope is actually 
much more a factor of the actual distance of the fall, 
more than the fall factor.2 Since static rope has poor 
energy absorption compared with dynamic rope, this 
intuitively makes sense, though it contradicts a tradi-
tional doctrine of “don’t use static rope if there might 
be a fall factor of more than 1/4 (0.25).” Indeed, the data 
Kovach presented shows that the shock load is a func-
tion of the weight and the distance of the fall, and not 
the fall factor. 

1 Aid climb = putting protection in cracks in the rock and climbing 
up étriers (webbing stepladders) clipped to each piece of protection; 
no actual hands and feet climbing on the wall. Zipper fall: where each 
of your pieces of protection comes out at the force of your fall comes 
onto it. 
2 http://itrsonline.org/wordpress/wp-content/uploads/2014/09/
Kovach2009_ITRSAbstract.pdf

Dyneema and Spectra are used in slings, where 
you assume the dynamic nylon rope you’re using will 
provide adequate energy absorption. These slings have 
some advantages over nylon: they’re strong and light, 
and better at resisting ultraviolet light damage. Actual 
Dyneema and Spectra ropes are used primarily as an 
alternative to steel cable for helicopter hoist opera-
tions, and for river rescue, where shock loading is very 
unlikely. 

Really, if you think about it, an ideal rope would 
be both static and dynamic. Static in the sense that it 
doesn’t elongate at all under standard loads; dynamic 
in the sense that if you fall and shock-load it, the rope 
stretches and keeps the shock-load low. Manufacturers 
have been toiling in their R&D shops for decades to 
achieve this rope-Nirvana, and they keep decreasing 
static stretch and increasing dynamic energy absorption. 
But they are still far from done, and so they’ve come up 
with compromises. 

The compromise that emphasizes energy-absorption 
we call dynamic or climbing rope. There is a European 
standard EN 892, which states that dynamic ropes must 
sustain an 80 kg load falling with a fall factor of 1.77 
with no more of a shock load than 12kN, and it must 
sustain five such falls before it fails. It also must stretch 
less than 10% under a static 80 kg load. If, for example, 
you look at rei.com for information on choosing a 
climbing rope, every rope sold there meets the UIAA 
(Union Internationale des Association d’Alpinisme) 
standards which reference that EN892 standard. They 
are rated in terms of the number of UIAA falls they can 
take before they must be retired. 

Used to be all dynamic climbing ropes were 7/16” 
(11 mm). But now, as rope manufacturers are produc-
ing better rope, you can now buy 11 mm ropes rated for 
10-17 falls (a lot more than early kernmantle ropes), or 
slim and light 8-9 mm ropes that are still rated 6-16 falls.

Static Ropes
 Field III 

The compromise for caving (and later for rescue) the 
rope manufacturers came up with is called static or cav-
ing (or rescue) rope. In 1969, inspired by German kern-
mantle dynamic climbing ropes, a Georgia caver named 
Richard Newell bought out a Manila rope manufacturer 
and started making a core-sheath rope specifically for 
caving. Known in the caving community as BlueWater 
II (though the company insists it was named BlueWater 
II Plus+), this brown rope with a dark-blue stripe on 
the sheath immediately became the standard for cavers 
worldwide. But in 1976 Steve Hudson, another Georgia 
caver, started up rival Pigeon Mountain Industries to 

http://itrsonline.org/wordpress/wp-content/uploads/2014/09/Kovach2009_ITRSAbstract.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2014/09/Kovach2009_ITRSAbstract.pdf
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manufacture PMI rope, and the competition between 
the two continues to this day. Steve has been very active 
in the NCRC (National Cave Rescue Commission) 
over the years, as well as in the wider search and rescue 
community. 

What is this about Georgia cavers and caving rope? 
Well, Georgia is famous for its deep caves. Surprise Pit 
in Fern Cave is particularly well-known example, with 
its 437-foot free drop. And when you want to rappel or 
ascend this length of a rope, elongation is a big deal. You 
can imagine how using Goldline in such a cave might 
be a spur to developing better rope. And for cavers, who 
seldom if ever lead-climb (climbers start at the bottom, 
cavers start at the top), strength, resistance to abrasion, 
and low elongation at working loads are key for ropes. 

We also use the term “static” rope to refer to the type 
of rope we use in search and rescue. Given those key 
characteristics of caving rope – strength, resistance to 
abrasion, and low elongation at working loads – caving 
ropes from BlueWater and PMI were quickly adopted 
for rescue ropes, both by the wilderness search and res-
cue community, and later by “street” and industrial res-
cue services. Other rope manufacturers caught on and 
started making static ropes for this relatively big rescue 
market. Indeed, the market for static rescue ropes now 
dwarfs that for caving rope. It’s interesting that many of 
the techniques now used in mountain and even street 
rescue started with cavers: rappel racks, for example. 

But if you think about it, cavers are more focused on 
vertical ropework technique than climbers, who tend to 
focus on the actual act of climbing, or perhaps belaying. 
For climbers, rappelling and ascending fixed lines are 
epiphenomena: necessary evils to allow the act of climb-
ing itself, things that don’t deserve all that much atten-
tion. For vertical cavers, this is the core of what they do. 

According to the Cordage Institute Standard 1801, a 
“static” rope has less than 6% elongation at 10% of maxi-
mum breaking strength. In Europe, static ropes must 
meet the EN 1891 standard, which includes surviving 5 
falls with a fall factor of 1, Type A with a 100 kg weight, 
and Type B with an 80 kg weight; static ropes are tested 
with a 2 meter rope length, whereas dynamic ropes are 
tested with a 1 meter rope length. As a very, very rough 
approximation, you might take this as an indication 
that static ropes have some energy absorption capacity, 
but maybe about half of a good dynamic climbing rope. 
This is important – these “static” rescue ropes we use 
all the time do have some energy absorption capacity, 
even if it’s less than a dynamic climbing rope. It’s still a 
lot more energy absorption than a Dyneema or Spectra 
rope. Rescuers still have a justified fear of shock-loading 
a static rope, especially with rescue loads, but this 
energy-absorption capacity of “static” ropes provides a 
small margin of safety. PMI and BlueWater static ropes 

(and those of many other manufacturers) meet these 
standards. 

It’s even a bit more complicated than that. Cordage 
Institute (CI) standard 1801-98 specifies “low stretch” 
(medium elongation) and “static” (low elongation). 
Some ropes used for rescue meet one specification, 
some meet the other, but all tend to be unofficially 
called “static rope.”

Webbing 
 Field II 

Webbing is interesting stuff. It’s like you pulled the kern 
(core) out of a big rope, and then ironed the mantel 
(sheath). Sort of. 

Webbing has some advantages over rope: it’s much 
more supple (flexible) and easier to work with in many 
applications. It’s also flatter (duh) and flatter means 
when you use it to rig to a tree, it’s less likely to dig 
grooves in the tree. When your wrap it around you, it’s 
less likely to dig grooves in you, which is why people 
prefer webbing over rope for harnesses and litter tie-ins, 
whether commercial or tied.

Most of the webbing we use in search and rescue is 
made of nylon. There are two major types of webbing 
we use: flat and tubular. Flat webbing is just as it says, 
flat, and mostly we use what is called seat-belt web-
bing, which is 2” across. It’s sort of heavy, but for certain 
applications – seat harnesses, litter spiders, tying some-
one on your back, litter load straps – it’s superior. 

However, there is one significant disadvantage to flat 
webbing: it’s not nearly as abrasion resistant as rope. 
In fact, the threads that form flat webbing go from one 
side of the webbing all the way to the other side, which 
makes it fairly easy to abrade through the thread enough 
that the webbing fails. 

Tubular webbing addresses this by being, well, 
tubular. It has a hole in the middle, though it’s a flat 
hole, if you follow. In olden days, it used to be made by 
taking flat webbing and folding it over and sewing the 
edges together. But these days, most tubular webbing 
is produced on a loom that makes a continuous spiral. 
The advantage compared to flat webbing is that you have 
to abrade 3/4 of the way through, rather than half -way 
through, to make the webbing fail. 

Two-inch flat nylon seat-belt webbing is load-bearing, 
which means it’s strong enough to hold a person or a 
rescue load. However, you can also get non-load-bear-
ing flat black webbing, sometimes called tent webbing 
for reasons that escape me, as it’s used much more often 
on packs, for hipbelts, shoulder and sternum straps, 
and for accessory straps. You should never use this 
stuff to hang a human life, but it’s useful for many other 
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things, including piggyback carries, which we discussed 
before. There is a box in my basement with lots of this 
in the standard 1.5”, 1” and 3/4” width, and a bunch of 
the matching buckles. You never know when you might 
need to make up another accessory strap. 

One-inch tubular nylon webbing is also load-bearing. 
You can also get different widths, which may or may not 
be load-bearing; check first. 

You can clean and disinfect nylon webbing as you 
would a nylon rope.

As with rope, inspect your webbing like you do your 
rope, and retire it when it shows signs of damage, or 
after 10 years.1 

Rope Care 
 Field III 

There are rules for taking care of nylon kernmantle 
ropes. The main one is “DON’T STEP ON THE 
ROPE!” (Yes, netiquette says that speaking in 
ALLCAPS is rude because it’s “shouting.” But someone 
usually is shouting at whoever’s stepping on the rope.)

Stepping on a rope with crampons on is particularly 
bad. And grinding a rope between your boot and a 
sharp rock is fairly bad. 

So whenever someone steps on the rope, people yell 
“DON’T STEP ON THE ROPE!” 

So whenever someone walks near the rope, people 
yell “DON’T STEP ON THE ROPE!” 

So whenever a new person is anywhere near a rope 
on the ground people yell “DON’T STEP ON THE 
ROPE!”

Sometimes people who just bought a new climb-
ing rope just randomly yell “DON’T STEP ON THE 
ROPE!” 

This makes sense, given people’s lives will be hanging 
on this rope. Or perhaps it has to do with the cost of a 
good climbing rope, $150-$250. 

On the other hand, at the 2002 International 
Technical Rescue Symposium, Jim Kovach presented 
a paper called Never Step on a Rope,2 subsequently the 
topic of an article in FireRescue Magazine called “Don’t 
Tread on Me.”

He made a PMI rope (10 mm rescue rope, rated 
strength 5,200 pounds) into a rug, and then had it on 
a flat concrete floor where it was walked on, many 
times a day, for 8 weeks. He also took some of this rope 
and drove over it repeatedly, sometimes with sharp, 

1 http://itrsonline.org/wordpress/wp-content/uploads/2016/11/Evans.
Truebe_Strength-Loss-Due-To-Aging-of-1-Inch-Tubular-Nylon-
Webbing-paper.pdf
2 http://itrsonline.org/wordpress/wp-content/uploads/2015/04/
Kovach.1.2002.pdf

brokenbits of concrete driveway paver spread over 
the rope, and sometimes with a fire engine. For the 
rope that was walked on for months, there was only a 
slight difference in pull-test strength (5,580 pounds), 
compared with the portion of the rope that had been 
stored in optimal conditions (5,814 pounds), a 7% loss 
of strength, but still more than the rated 5,200 pounds. 
So, at least for PMI 10 mm nylon rescue rope, “DON’T 
STEP ON THE ROPE!” is a myth, at least if you’re not 
using it as a rug for a couple of months. Driving over 
it might not be such a good idea, as the rope that was 
driven over multiple times with sharp rocks on top of it 
did suffer a bit more degradation (5,538 pounds, or 10% 
loss), at least when the vehicle was a big fire engine; but, 
still well over the rated strength.

It would be interesting to do the same experiment 
with Spectra and similar rope (discussed in the next 
section), which probably wouldn’t fare as well in this 
test. There is still the risk of a sharp rock under the rope. 
And there’s still the concern about stepping on the rope 
and having it roll under your foot and then you fall off 
the edge of the cliff and go splat.

It seems to me the people with brand-new ropes, even 
the ones with tightly-braided sheaths, will still scream 
“DON’T STEP ON THE ROPE!”, at least until their 
rope starts getting dirty. Sort of like having a new car. 
But there are much more important safety concerns 
when working with ropes. If you see someone who has 
been screaming “DON’T STEP ON THE ROPE!” and 
someone steps on the rope and then the owner breaks 
down and starts crying and screaming, please refer for 
professional counseling. 

Ropes do get dirty, even if you’re not caving with 
them. (When you’re caving they seem to pick up mud 
equal to the original weight of the rope.) Washing them, 
as discussed in the later section on rope inspection, is a 
good idea. 

While nylon ropes are fairly tough compared with 
manila, they do have their Achilles heels. Nylon melts 
easily, which is nice when you’re melting the ends in a 
flame to keep them from fraying. (It helps if you wrap 
the end of a rope with some tape or heat-shrink tubing 
before cutting and melting, unless you have an actual 
rope hot-knife cutter that cuts and melts at the same 
time.) But not so nice when the middle of your rope 
accidentally strays too near a stove or campfire. 

Battery acid will also damage Nylon, so keeping it 
in a trunk with your spare car battery might not be 
such a good idea. Keeping it in your car is OK, even in 
the summer, unless maybe you’re in the Mojave desert 
in summertime. Ultraviolet light also causes nylon to 
deteriorate, so storing ropes and webbing out of direct 
sunlight is a good idea. Glass windows filter out ultra-
violet light, so sunlight indoors is not a problem. 

http://itrsonline.org/wordpress/wp-content/uploads/2016/11/Evans.Truebe_Strength-Loss-Due-To-Aging-of-1-Inch-Tubular-Nylon-Webbing-paper.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2016/11/Evans.Truebe_Strength-Loss-Due-To-Aging-of-1-Inch-Tubular-Nylon-Webbing-paper.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2016/11/Evans.Truebe_Strength-Loss-Due-To-Aging-of-1-Inch-Tubular-Nylon-Webbing-paper.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2015/04/Kovach.1.2002.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2015/04/Kovach.1.2002.pdf
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Nylon deteriorates with age, too. 
It is said that nylon rope and webbing are 15% weaker 

when wet. Testing by Jim Kovach, in a paper presented 
at the International Technical Rescue Symposium in 
2011 showed that some webbing was actually stronger 
when wet, and some rope was weaker, maximum loss 
about 15%. 

The NFPA also says that you should retire a rope 
after one rescue use. If it was used hard. (That’s a 
paraphrase. Actually it says: “Annex A (NFPA 1500) … 
A.7.16.3 If a rope has been used in a situation that could 
not be supervised or where potential damage could 
have occurred, it should be removed from service and 
destroyed. … The assignment of disposable life safety 
ropes to members or to vehicles has proven to be an 
effective system to manage ropes that are provided for 
emergency use and are used infrequently.”) 

Most search and rescue teams use their ropes all the 
time, operate on shoestring budgets, and think that “dis-
posable rope” is a bizarre idea. They rely on inspection 
with every use and rope logs, retiring ropes that show 
significant signs of wear, have sustained a large shock 
load, or that are 10-15 years old.

At the 2013 International Technical Rescue 
Symposium, John McKently presented a paper Don’t 
XXX on Your Rope Revisited in which he reports results 
of various yucky things on the strength of both nylon 
and polyester rope. Here are the high points.
 • Five samples of nylon 1” tubular webbing decontami-
nated with 10% household chlorine beach (recom-
mended in the literature) three times over 76 days lost 
87% of its strength. Which means don’t decontaminate 
bloody webbing, replace it. 
 • Nylon rope exposed to water for 30 minutes lost 11% 
of its strength, and when exposed for 3 hours, lost 23%. 
Polyester wasn’t tested with water. 
 • Bleach for 10 minutes, after 14 days, reduced the 
strength of both nylon and polyester ropes about 
10-20%.
 • Isopropyl alcohol reduced the strength of nylon rope 7% 
but had no effect on polyester rope. 
 • After 40 days, duct tape reduced the strength of nylon 
rope 5% but had no effect on polyester rope. On the 
other hand, a Sanford Magnum Marker had no signifi-
cant effect on either nylon or polyester rope, so you 
can use it safely to mark the middle of your rope. The 
Sanford Rub-a-Dub laundry marker and BlueWater 
Nylon marker had no effect on the strength of nylon 
rope. 
 • Unleaded gasoline for 38 days had no effect on the 
strength of nylon rope, and slightly increased the 
strength of polyester rope, but that might just be a bit of 
experimental error. 
 • There was a slight (~10%) reduction in strength of 

both kinds of rope from about a month of: #2 Diesel 
fuel, 3-in-1 oil, WD-40, hydraulic fluid, ammonia, spit 
(nylon only, so you can chew or drool on your polyester 
rope), but not 100% DEET. But DEET dissolves lots of 
plastics and paints, and leaves it all over your hands. 
Regardless, never use 100% DEET; Consumer Reports 
authoritatively says that anything over 30% DEET is bad 
for you and there is no advantage in going higher than 
30% DEET. Picaridin, found in Natrapel and in Sawyer 
Picaridin spray, is better than DEET. Picaridin is not 
greasy like DEET, works as well, and doesn’t dissolve 
anything. See http://www.conovers.org/ftp/Ticks.pdf for 
more on insect repellents.
 • Common firefighting foams caused ~10% decreases in 
the strength of both types of rope.
 • Battery acid decreased the strength of nylon rope ~50%. 
Polyester wasn’t tested.
 • Urine decreased the strength of both types of rope by 
~20%, so don’t pee on a hot rappel/lowering device to 
cool it off. 

Nylon, Heat and Weld-abrasion 
 Field III 

Nylon is great stuff for climbing, caving and rescue 
ropes. But, unlike manila rope, it has one sneaky but 
major danger that must be zealously guarded against: 
weld-abrasion. Nylon has a relatively low melting point: 
that is why I have seen rescuers pouring water on an 
overloaded descender to cool it off.

A better approach was a rappel/lowering device I 
encountered circa 1970 and got to use at a National 
Speleological Society (NSS) convention once: A rap-
pelstein (or rappel-e-stein). This was invented by Don 
Shofstall, a caver from Evansville, Indiana. The original 
is in the National Speleological Society museum. It was 
a cylinder of thick aluminum with a bottom attached to 
it, just big enough to take a beer can. An aluminum car-
abiner was welded into the side of it. To use it for a long 
drop, you would place a frozen can of beer in it, then 
attach it to your harness. You would then wrap the rope 
around the cylinder several times and rappel. At the 
bottom, the beer would have thawed while keeping the 
rappel device cool, and your beer was ready to drink. 
Frankly, it was not a very good rappel device, which 
makes it hard to understand why it was so popular for 
a while. I think most of them were used for partying at 
the Old Timer’s Reunion, a very big caver’s get-together 
held in West Virginia each year since 1950. But it wasn’t 
that good of a beer stein, either. 

Yes, rope running over a rappel or lowering device 
will, by friction, make the rappel/lowering device hot. 
But as long as the rope is moving across the metal 

http://www.conovers.org/ftp/Ticks.pdf
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device, it doesn’t have much time to get heated up. It’s 
when the rope stops that you get worried about dam-
age to the rope. This is a concern for people doing very 
long rappels, such as during Bridge Day at the New 
River Gorge near the Virginia/West Virginia border. 
Rappellers try to get the rope clear of their rigs as 
quickly as possible after the 876’ (267 m) rappel. 

When lowering a litter with a mechanical device on 
a hot day, it is a good idea to use something with good 
heat dissipation, such as a rappel rack, as opposed to a 
figure 8 descender. There’s no hard and fast temperature 
at which you should worry, because it depends on the 
length of the lower, the steepness, and the weight of the 
litter + litter bearers. 

The real problem, though, is nylon-on-nylon friction. 
If both bits of nylon are moving – for example, if you’re 
rappelling on a Münter hitch, there will be little dam-
age to the rope. But, if the running nylon is going across 
stationary nylon, it will cut through the stationary nylon 
like a hot knife through butter. Well, not exactly like a 
hot knife through butter, because what happens with 
running nylon on stationary nylon is called weld-abra-
sion. This is a bit tech-y but anyone working with nylon 
rope and webbing needs to know all about this. 

The moving nylon heats the stationary nylon to the 
melting point of 428°F (229°C) for the most common 
nylon (nylon 6,6) or 509 °F (265 °C) for Perlon (nylon 
6). The stationary nylon melts, and the melted nylon 
then welds itself to the moving nylon. This exposes fresh 
stationary nylon to be heated and welded away. This can 
cut through a bit of rope or webbing very fast.

As a demo (yes, you should try this at home), take a 
2 or 3-foot one-inch tubular nylon webbing, tie it in a 
loop, and put the loop around your right foot. Next take 
a 3- or 4-foot length of parachute cord (or shroud line if 
you want to sound like you’re really part of the rope-
cognoscenti1) and loop it through the webbing loop. 
Then hold the ends of the shroud line wrapped tightly 
around each hand (mulitple turns so it doesn’t hurt your 
hands), and ask the audience: “How many strokes of this 
shroud line will I need to saw through this webbing?” 
You then saw back and forth with the shroud line as 
hard as you can. It usually only take ten or 20 saws to 
cut completely through the webbing. Yes, you are cheat-
ing a bit by using shroud line instead of full-size rope. 
But it’s OK, you’re aiming for a dramatic presentation to 
get the principle across, and this throws the proper scare 
into the audience. Speaking of drama: as soon as you cut 
through the webbing, take the shroud line and throw to 
one member of your audience, then grab the severed 

1 Cognoscenti are those who are knowledgable about obscure terms 
such as cognoscenti.

webbing loop and throw to another audience member. 
A dramatic flourish is required.

Weld-abrasion may occur when you are rappelling, 
and the rappel rope is running across your harness. This 
is particularly likely if you do a carabiner-wrap rappel 
(discussed later) using a single carabiner attached to 
your harness, which is an old-style military rappel from 
World War II; with Manila ropes of that era, weld-abra-
sion wasn’t a danger, but with nylon ropes, it certainly 
is. Though less likely, running nylon on stationary nylon 
might happen in rescue lowering, too, and is to be 
assiduously avoided! 

Weld-abrasion on harnesses is enough of a concern 
that the ASRC has an official tied seat harness. The 
ASRC Seat was designed by Gene Harrison, one of 
the ASRC’s four founders, around 1975. Unlike some 
tied seats, this one requires that it be cut in at least two 
places before it fails and you go splat. See ASRC Seat 
Harness on page 120.

Rope Size 
 Field III 

The fire service standardized on 1/2” (13 mm) kern-
mantle nylon rope, and the wilderness search and rescue 
community standardized on 7/16” (11 mm) kernmantle 
nylon rope, and both became established traditions. (See 
also Safety Factor and Shock Absorbers on page 140.)

The fire-rescue community, represented by the NFPA 
(National Fire Protection Association) adopted the use 
of nylon kernmantle rope from the mountain rescue 
community, which had adopted it from the cave rescue 
community, which had adopted it from the sport-caving 
community. More or less. However, when the NFPA 
finally codified this use in its NFPA-1983 standard, it 
deviated from the standard 7/16” (11 mm) rope used by 
the mountain rescue community. It demanded the use 
of 1/2” (~13 mm) rope. This may have had to do with 
the memory of the death of two firefighters in New York 
in 1980 when the 1/2” nylon “general utility” rope to 
which they were attached failed. This may be because 
the NFPA wanted a 15:1 safety margin, and a firefighter 
loaded with a air pack and turnout gear can be pretty 
heavy. (I have been repeatedly assured that this is not 
because mountain rescue types tend to be skinny and 
firefighter types tend to be fat.) 

At the time, this caused great consternation in the 
mountain- and cave-rescue communities. Half-inch 
rope is a lot heavier (~30%) than 7/16” rope. A bunch of 
mountain and cave rescue people got together under the 
auspices of ASTM (the organization formerly known as 
the American Society for Testing and Materials) to set 
up their own competing standard (ASTM F2116) so that 
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the mountain and rescue communities could continue 
to use their lighter and thinner rope. In defense of the 
smaller rope for wilderness rescue, proponents noted 
that weight, while not significant for fire departments, 
is a big issue for wilderness rescuers, and that a heavier 
rope could slow rescuers enough that a victim might 
die while waiting longer for the rescuers to arrive.1 Size 
matters.

Rope manufacturers continue to improve their prod-
ucts. Ropes are getting better at energy absorption, more 
abrasion-resistant, more water-resistant, more flexible, 
and most importantly stronger, which means you can 
use a thinner, lighter rope for what used to require a 
thicker, heavier rope.

Rock climbing ropes are certainly getting thinner. 
When on Mothers’ Day 2020, searching the web for 
an article on rock climbing rope sizes, the top hit was 
https://www.ems.com/f/ea-how-to-choose-climbing-
ropes.html, which recommends a beginner start with a 
“thick” 10-10.5 mm rope, and that experienced climb-
ers get a thinner rope, perhaps as skinny as 9.2 mm, 
or even less if using a half-rope or twin-rope climbing 
technique. 

Weight is a big concern for wilderness search and 
rescue. So, there is much discussion in the SAR com-
munity to moving from 11 mm to 9 mm rope. And 
since much of our hardware is designed for 11 mm 
rope, this would require new hardware as well, and 
then testing of the integrated rope/hardware systems. 
This is proceeding apace. See, for example, Justin 
Spain’s slide deck from the 2019 International Technical 
Rescue Symposium at http://itrsonline.org/wordpress/
wp-content/uploads/2019/11/Justin-Spain_Rescue-
Systems-at-9mm_2019.pdf; there is also a paywalled 

1 NFPA later amended the standard to specify that it was not for 
wilderness use, and to allow 11 mm rope, provided it had the very high 
breaking strength they specified.

RopeLab article at https://www.ropelab.com.au/
members-light-weight-rope-rescue-systems/.

Rope Pads 
 Field III 

Where a stationary rope goes over a sharp edge, a shock 
load can break the rope. Where a moving rope goes over 
a sharp edge, abrasion can quickly destroy the rope. 
And, sometimes, you just have to route a rope over a 
sharp edge: thus, rope pads. There are all sorts of rope 
pads: carpet samples, old firehose, and many types of 
specially-constructed pads. Rope bags that also double 
as a rope pad are a clever design, but you can use any 
rope bag in a pinch.

Rope pads, like other physical objects, tend to go to 
ground. We call this gravity. Having a leash on the rope 
pad helps keep it in place over the edge. The most clever 
rope-pad leashes are for rope pads in locations where 
you really have to leash them to the rope itself: a length 
of shroud line is attached to a standard binder clip of 
the appropriate size to attach to a 7/16” (11 mm) rope. 
As people rappel or ascend past the rope pad, they can 
take the binder clip it off the rope and then reattach it 
once past. Some of these rope pads are made from 2” 
seat belt webbing and Velcro, so they surround the rope 
on all sides. These are particularly useful in caving and 
cave rescue, where ropes may rub against sharp rocks 
halfway down a drop. 

There are also a variety of other plastic plates and 
edge rollers you can buy. These specifically address the 
concerns during vertical rescue, where the stress on the 
rope at the edge is extreme.

https://www.ems.com/f/ea-how-to-choose-climbing-ropes.html
https://www.ems.com/f/ea-how-to-choose-climbing-ropes.html
http://itrsonline.org/wordpress/wp-content/uploads/2019/11/Justin-Spain_Rescue-Systems-at-9mm_2019.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2019/11/Justin-Spain_Rescue-Systems-at-9mm_2019.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2019/11/Justin-Spain_Rescue-Systems-at-9mm_2019.pdf
https://www.ropelab.com.au/members-light-weight-rope-rescue-systems/
https://www.ropelab.com.au/members-light-weight-rope-rescue-systems/
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Stacking, Casting and Coiling Rope 

 Field III 

For this and many of the following sections, we describe 
complex procedures. These are manual skills that are 
best learned by guided hands-on practice. Next best is 
seeing the procedures done, either in real life, or via a 
video. Search YouTube for the appropriate technique or 
knot, and you will find rope videos of how to perform the 
procedure, some of which ASRC members have posted. As 
a supplement to these methods, here you will find pictures 
and text descriptions. Where available, there is a link to a 
knot on animatedknots.com or other sites. Practice!

Rope salads used to be a big problem with Goldline, but 
even with the most supple Perlon kernmantle ropes, 
it can still happen. Keeping rope salads from happen-
ing, while making it look easy, is a key way to look 
experienced.

One of the ways to look good is to always keep your 
rope in a rope bag rather than a coil, though a coil is 
easier to fit on a pack. There are many different styles of 
rope bag. My favorite is a design used by many cavers. It 
has a couple of webbing straps so it can be carried like a 
pack, or the straps can be used to tie the rope bag onto a 
pack. The bag is made of tough Cordura nylon that can 
be used as a rope pad. (Some have additional padding 
or flaps, often of cotton duck or corduroy, which better 
resists abrasion from nylon rope, specifically to enhance 
their paddiness.) There is a drawstring on the top, so 
you can open fully to randomly “stack” rope inside 
when putting it away. There is also a large hole with a 
brass grommet at the bottom, so you can feed the end of 
the rope through it. 

It’s traditional, more or less, to use such a bottom 
grommet to feed the rope through and tie a backed-up 
figure eight loop there. And, on the end that’s left when 
you’re almost done packing the rope in the bag, you tie 

another figure-eight loop, and clip it to the rope bag’s 
drawstring or haul loop. 

When a rope is placed in a rope bag this way, you 
can deploy it as a static line/fixed rope quite quickly. 
You unclip the biner from the haul loop or drawstring, 
pull out about 10 or fifteen feet of rope, wrap it around 
a good anchor tree three or four times, and clip the 
end-biner back onto the main rope. You then can simply 
throw the rope bag over the edge of the cliff, trusting 
that the randomly-stacked rope in the rope bag will pay 
out neatly. 

You of course yell “rope!” before you throw the rope 
bag over. Why do you yell “rope!” instead of yelling 
“rock!”? Indeed, some insist that you should indeed 
yell “rock!” but it’s persuasive that “rope!” is better, 
as (a) rope is less dangerous than a rock or other large 
object, and (b) the people below can pause for a minute, 
and then check to see if the rope has made it all the 
way down. If it’s tangled, those at the bottom can signal 
those at the top to pull it up or recast it. And if the rope 
doesn’t reach the bottom of the drop, it’s only polite to 
let the people at the top know before they rappel off the 
end of the rope and go splat.

The weight of the rope bag will assist the rope in 
reaching the bottom of the cliff. Providing the person 
who put the rope in the bag did it properly – which 
means randomly – this almost always works perfectly. 

 ▸ Stacking: pull rope out of coil or rope bag and pile 
randomly on ground; stacked rope pulls out with-
out knots or snags from bottom or top
 ▸ If anchoring rope and casting down a drop, stack 
first
 ▸ Can cast rope bag 
 ▸ Can put end of rope in speed coil then cast 
overhand
 ▸ Can cast middle of rope first, then allow end to 

slither down
 ▸ Store ropes in rope bags or coils
 ▸ Coils easier to attach to a pack
 ▸ Short rope: elbow coil
 ▸ Longer rope: knee coil or lap coil or kiwi coil 
 ▸ Standard way to tie off coil: mountaineer’s coil

 ▸ Can chain webbing 
 ▸ Can chain rope into rescue coil 

I m p o r t a n t  P o i n t s
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Stacking
 Field III 

Stacking the rope is an essential skill. If you want to tie 
a rope salad (see diagram) all you need to do is take a 
coiled rope, untie it, and throw it over the edge. Then 
pull it back up and spend the next hour untangling it.

To prevent this sort of public embarrassment, you 
stack the rope. While this sounds like a neat-freak sort 
of thing you actually stack rope randomly, just like you 
randomly push rope into a rope bag. Surprisingly, this 
is the best way to get rope to pay out neatly. If you are 
uncoiling a coil and getting ready to cast this line over 
the edge of a cliff or into a pit, you start by uncoiling the 
rope carefully, to avoid knots or tangles, but then you 
just throw it on the ground randomly. A random stack 
like this will easily pay out, without tangles, whether 
pulled from the bottom or pulled from the top.

A few caveats: if you stack rope not on the ground 
but on or in a sticker bush/bramble bush (“jagger bush” 
in the dialect here in Pittsburgh) such as blackberry or 
greenbrier, it won’t work. Indeed, if you try to stack it on 
an area of ground with loose sticks, it won’t work either; 
the sticks will tangle in the stack. And, when surveying 
a spot to stack a rope, it’s probably a good idea to avoid 
areas with unpleasant objects such as sharp rocks or dog 
poop. (In my Allegheny Mountain Rescue Group, our 
dogs learn how to rappel with their handlers, so the dog 
poop is not there for comic relief. Well, maybe a little 
bit.)

If you are uncoiling and casting a rope, and you’ve 
now stacked it on the ground, the next step is to throw 
the rope over the edge so it gets to the bottom. This may 
not be as simple as it sounds. 

Casting

Cliffs and pits and even steep slopes may be encum-
bered by rock projections, bushes, or even whole trees 
that will do their best to prevent you from throwing 
that rope to the bottom. A rope bag does a pretty good 
job of getting past such obstacles. The best way to cast 
it is overhand. It’s also a best practice to be tied in so 
you don’t cast yourself over the edge as well. Ideally you 
should be tied in at the back of your harness, adjusted 
precisely so you can lean forward a bit over the edge 
while some of our weight is on your tie-in; this way you 
have a good view of where you are casting the rope. 

Don’t laugh about the “casting yourself over a cliff ”; 
if you peruse the decades of material in Accidents 
in North American Mountaineering and American 
Caving Accidents lots of fatal falls occur not because 

of equipment failure but because someone, not tied in, 
trips and tumbles over the edge. 

To cast a line down through brush, without a rope 
bag, there are two main options. First and most com-
mon is gather up about 20-30’ of the soon-to-be-bottom 
of your stacked line. Loop it back and forth across your 
dominant palm, so that there are 4-5 loops, each 2-3 
feet in length, on either side of your palm. We call this 
a speed coil. Grasp in your hand then cast this, over-
hand, directly down that little hole in the brush where 
you want the line to go. The weight of this line you cast 
should be enough to pull the rest of the stacked rope 
down that little hole after it.

If you’ve tried this a couple of times and it’s simply 
not working, try this alternate method. Stack your line 
into two separate piles, each with half the rope. Take the 
middle of the rope, and cast as described above. Once 
the middle seems to be in good position, let the other 
half of the rope slither down past it.

It’s a good idea to have visual confirmation that the 
rope reaches all the way to the bottom before rappel-
ling down it. Yes, people have died from rappelling off 
the end of a rope. If you’re not sure the rope reaches the 
bottom? You can tie a figure-eight loop in the bottom of 
the rope, and size it so that someone nearing the end of 
the rope can put a foot in it. Rappelling with an ascend-
ing rig already on might be a good idea as well.

Coiling a Rope
 Field III 

Rope bags are handy, and frequently used by cavers and 
search and rescue teams. But sport 
climbers and some “street” rescue 
teams prefer to coil their ropes. 

There are disadvantages to having 
a rope in a coil: you have to uncoil 
and stack the rope before using 
it, which takes time. On the other 
hand, compared to a rope bag, you 
can more easily throw a coil over 
your shoulder, or strap it on top of 
a pack. And, a coil is lighter, which 
may make a difference if you’re 
heading deep into the backcountry. 
This may be persuasive if you’re one 
of those ultralight climber/back-
packer types who cuts the handle 
off your toothbrush and trims the 
margins off your maps. (But then 
you don’t have a rope bag to pad 
your rope, either.)

Speed Coil
From ASRC Mountain Rescue 

Manual, copyright © 1983 
ASRC, used with permission.  

Rope Salad
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There are several YouTube videos with quick-and-
dirty ways of coiling rope. If you’re just climbing at an 
indoor climbing wall, or walking a quarter of a mile 
from you car to a cliff to climb, and then walking right 
back to the car, these methods are fine. But if you need 
to carry a rope a longer distance, these coils tend to fall 
apart, and so neater but more labor-intensive rope coil-
ing are part of the skill set of any caver, mountaineer or 
SAR team member. 

To prepare a rope coil for storage or carrying, the 
first step is to coil it, and the second step is to tie it 
off. If you’ve ever learned to coil stiff cables and hoses, 
you may need to unlearn one thing: alternate twists. 
When coiling something stiff like an electrical cable, it’s 
customary to loop the cable once, then to flip the cable 
backwards the next time. This is known as “over/under” 
cable coiling. This prevents the twists to the cable from 
tangling the coil into a series of twisted loops instead 
of a neat coil. It also means that, when you uncoil the 
cable, it has no twists in it. A video of this technique 
is available at http://stagecraft.theprices.net/gallery/
cablewrap/. Kernmantle rope is twistable enough that 
you don’t need to use this technique; when coiling as 
described below, the half-twists in the rope are spread 
out through each loop without making the rope appear 
twisted. 

To get all the loops in a coil the same length, it’s com-
mon to use two different parts of your body as a frame 
to make sure the loops are all the same. You can do 
this between your palm and your elbow, between your 
knee and and the bottom of your boot, or between both 
knees. You should be prepared to do all of these. The 
neater and faster you can do them, the more style points 
you get.

The most important way to make your coiling go 
smoothly is to neatly stack the rope 
randomly on the ground before 
coiling. A faster alternate is to have 
a helper untangling and stacking 
the rope right next to you as you’re 
coiling. 

Elbow Coil
 Field III 

For short lengths of rope or web-
bing, it’s easy and fast to make a 
small coil using your hand and 
your elbow. You grab one end in 
your left hand (if you’re right-
handed) so that the rope is across 
your palm, which is facing up. The 
short end of the rope should be 
hanging out about a foot beyond 

your little finger. Lift up your arm so that your forearm 
is nearly vertical, with your hand with the palm up, your 
wrist bent back at an uncomfortable angle, and your 
fingers pointed away from your body. It makes you look 
like an ancient Egyptian pictogram but it works quite 
well. 

Now, you use your right hand to wrap the long end of 
the rope down the outside of your forearm, under your 
elbow, then up the inside of your forearm and across 
your palm. Do this over and over until you run out of 
rope. Shake the rope off your elbow. This is the tricky 
bit. Practice in front of a mirror until you can flip it off 
in a single graceful shake of your arm. Peeling it off your 
elbow with your right hand works but is not as cool. The 
trick is to be able to bend your wrist back really far to 
loosen the coil from your elbow. Now you’re holding a 
nice little coil in your hand, ready to tie off.

Knee Coil
 Field III 

The knee coil is probably the most common search 
and rescue coil. The process with a knee coil is very 
much the same as with an elbow coil. But the knee coil 
produces a bit bigger coil, and is suitable for longer 
ropes, up to maybe 200’. Again the instructions are for 
right-handed people. If you’re left-handed, you can try 
holding the paper up to a light and reading from the 
back side of this page.

 You start down on the right knee, with your left 
foot on the ground. You place the short end of the rope 
across your left knee, with a couple of feet of the end 
hanging off the right end of that left knee. You then 
pull up some of the rope with your right hand, run it 
down the outside of your lower leg, under your boot, 
then back up the inside of your lower leg, and across the 
knee to the outside. Repeat over and over. Keep your 
foot pointed down so that when done, you can flex your 
ankle to get out of the coil. 

It is important that you maintain good posture while 
you do this. It’s probably good for your back, but most 
importantly it makes you look good in photographs and 
videos. 

There is also a tendency for the first loops you do to 
be longer than the later loops, resulting in an uneven 
coil. Therefore, it’s good to start with the loops quite 
tight, then to loosen them up as you go along.

It is also important that you keep the rope right at the 
very front of your knee, so the coils don’t get shorter and 
shorter as they slip up your thigh. If that happens, you 
become trapped in the coil and have to ask for help to 
get if off your knee. Very embarrassing. 

Knee Coil
From ASRC Mountain Rescue 

Manual, copyright © 1983 
ASRC, used with permission.  

Lap Coil
From ASRC Mountain Rescue 

Manual, copyright © 1983 
ASRC, used with permission. 
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Lap Coil
 Field III 

For longer ropes, such as 300’ ones, or thick stiff rescue 
rope, it’s quite hard to do a knee coil, so do a lap coil. 

 Sit down on the ground, with your legs crossed. Start 
with the rope across your left knee, just like with a knee 
coil, with a couple of feet of the short end lying in your 
lap. Coil the rope around both knees, then tie off. You 
can look pretty professional heroic doing an elbow or 
knee coil, there’s just no way that sitting in a yoga pos-
ture looks good on-screen, especially when you’re sitting 
in the mud. That’s probably why most people use rope 
bags for their 300’ ropes. 

Kiwi Coil

You can use the Kiwi Coil, presumable named after 
some New Zealand mountaineer, a couple of different 
ways. First, as Corey shows in the picture, you can use 
the back of your neck and a hand held down in front of 
you to coil a rope, tie it off in front of you (see the next 
section), and then slip it over your shoulder.

But the main use of a Kiwi Coil is for when you’re 
mountaineering and roped up for glacier or other travel. 
That means that you have two or more people clipped 
into a rope, separated by lengths of the rope. That way, 
if one climber falls, the others have a chance of stop-
ping the fall, perhaps with an ice-axe self-arrest, which 
is beyond the scope of this chapter and textbook: in 
the mid-Appalachians, about the only place you can 
practice a self-arrest is on a cleared ski slope when it’s 
not being used for skiing. And there is no place in this 
region where you need to use an ice-axe self-arrest in 
winter, though there are very rare instances where you 
can use an ice axe for chopping steps in ice to accomlish 
a search or rescue task.

But if you’re mountaineering on a peak where an 
uncontrolled slide on snow/ice is possible, or a fall into 
a crevasse, you travel roped together, sometimes using 
it for a belay. Sometimes you want to be at the length of 
the available rope from the next climber on the rope, but 
sometimes you want to be closer and not have the rope 
dragging. In this case, you can coil as shown in the pic-
ture and the video at https://youtu.be/PD6jYQobGXU.

For our uses in the mid-Appalachians, it’s a quick 
and handy way to coil a rope, using your neck and an 
outstretched hand, before tying it off as described below, 
and then throwing into or onto a pack or over your 
shoulder. 

Coil Tie-Off (Mountaineer’s Coil)
 Field III 

Sometimes someone will do a beautiful knee coil, with 
all the loops the same exact length, and all of them 
lined up neatly. And then put the coil over his shoulder 
and walk off, and a few minutes later the coils were all 
uneven and about 10 feet of rope was trailing him on the 
trail. That’s because he did a great job of coiling but a 
not-so-good tie-off. There are a couple of tricks that will 
help you avoid this. 

A standard tie-off – called a “mountaineer’s coil” on 
Wikipedia though the article1 is more about the tie-
off than how to coil the rope – is not hard to do, but it 
definitely takes practice. There are several ways to do a 
good tie-off; this is the one many people use successfully 
all the time. You use the two ends of the coil to create a 
wrap around the top of the coil. You will be wrapping 
one of the free ends around the coil, then snugging the 
end of that wrap down using a bight (uncrossed loop) in 
the other end. That bight will be inside your wrap. 

1 https://en.wikipedia.org/wiki/Coiling#Mountaineer’s_coil

Kiwi Coil

Corey Winstead of North Carolina’s Appalachian Mountain Rescue Team 
shows a Kiwi Coil at a Mountain Rescue Association winter snow and 

ice test 2/19 at Chapel Pond, Adirondack State Park, New York 

https://youtu.be/PD6jYQobGXU
https://en.wikipedia.org/wiki/Coiling#Mountaineer's_coil


84  8: Nontechnical and Semi-Technical Evacs

Stacking, Casting and Coiling Rope                 Rescue Coil, Chaining 

If you look at the video at 
https://www.youtube.com/
watch?v=P9Dtvz8wibo before you 
read the following text it will make 
more sense. There are, however, 
some tips in the text below that are 
not included in the video and that 
will make your tie-offs work better, 
so please read through the text for 
them.

Grab the coil in your left hand, 
so that it is hanging down from 
your hand. 

One of the free ends, the one 
that forms the loop, can be fairly 
short, but at least a foot. The other 
end needs to be longer, at least 2 
feet for a standard 100-150’ rope, 
maybe 3’ for a 200-300’ rope. If 
you don’t have an end this long, 
flip a loop off of the coil to make 
the end longer. Longer than the 
minimum, even way longer, is fine. 
The short end should be point-
ing away from you, the long end 
pointing towards you. Flip the coil 

around in your left hand if necessary. 
Bend the shorter end back on itself to form a bight. 

Stick the tip into between your hand and the coil, but so 
that there is a good-sized loop sticking out of your hand, 
at least 5”. Keep the two ropes of this bight right next to 
each other.

This is the hard part: while still holding the bight and 
the coil in your left hand, use your left thumb to hold 
the rope right where it leaves the coil to go to the long 
free end. Now, using your right hand, tightly wrap away 
the long end around the coil, starting away from you 
around the coil, spiraling towards the loop. Note that 
you are wrapping this end of the rope back on itself, 
which is why you need to hold it with your left thumb. 

It’s best to wrap away from you on the top, then 
towards you on the bottom, though Yorke’s diagram 
here shows he likes to do it the other way. 

Once the wrap gets close to the end of the bight, stop 
wrapping. Stick the remainder of the long end through 
the bight. 

Gently pull the other end, which will tighten the 
bight. 

But you’re not done yet. You need to use your right 
hand to twist the wrap, several times, to tighten it up, 
and push the slack through that little loop. Now, tighten 
the loop firmly by pulling on the other end, and you’ve 
got a nice, tight tie-off. 

Rescue Coil, Chaining

Speaking of looking heroic, there’s nothing better for 
this than walking to the edge of a cliff, taking a coil off 
your shoulder, doing a quick tree-wrap anchor, then 
throwing the coil off the edge without taking time to 
stack it.

Of course if you do this with any of the coils we just 
discussed, you then look over the edge and about ten 
feet down you see a massive ball of tangled rope. But 
wait: there is a solution that will work for that next 
mountain rescue movie. It’s called a Rescue Coil. (Just 
had to capitalize that.)

I’ve seen a couple different version of rescue coils, 
including one that requires you to do it very neatly on 
the handles of an Army stretcher, then folding up the 
Army stretcher. Of course that one frequently turns 
into a massive rope salad when you cast it, so we won’t 
discuss that one further. 

The one that I have used with 100% success is not 
actually a coil in the traditional sense, it’s a chain. We 
will digress briefly to discuss chaining, as it’s the most 
common way to store flat webbing. (Sorry, there is no 
way to look heroic while chaining webbing, it looks like 
you’re knitting.) The object here is to chain the web-
bing so that it is easy to unchain with a flick of the wrist 
(now that looks professional if not heroic) as opposed to 
producing something that looks like a failed macrame 
project. You can also chain short bits of rope, and in fact 
we routinely chain the tails on load-releasing hitches. 

There are many different ways to chain webbing, 
but this is not macrame class, so we will just learn one 
adequate way.

It’s possible to chain either long pieces of webbing, 
or pre-tied or sewed webbing loops. The process is 
the same, though the results look a bit different. For 
simplicity, we will consider chaining an untied length of 
webbing.

Warning: this needs to be practiced at home before 
you try doing it in front of others. First, fold the web-
bing in half. Now, where the doubled webbing forms a 
loop. make a girth hitch. To do this with style takes a bit 
of practice. Stick your right hand through the loop, with 
your palm facing down, so the webbing is dangling from 
the back of your wrist. Bend your hand down slightly 
and grab the two dangling pieces of webbing right below 
your wrist. Hold onto them, and with your left hand, 
pull the loop over your fingers. Now pull your right 
hand up, bringing the closest parts of the two dangling 
lengths of webbing up through the loop. Voilà! Now 
you have a girth hitch in the middle of the webbing. You 
need to practice this until you can do it without look-
ing at your hands, and while talking about your plans 
to summit Annapurna next year. (My wife says this is 

Coil Tie-Off (Mountaineer’s Coil)
From ASRC Mountain Rescue 

Manual, copyright © 1983 ASRC, 
used with permission. 

Rescue Coil

https://www.youtube.com/watch?v=P9Dtvz8wibo
https://www.youtube.com/watch?v=P9Dtvz8wibo
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nothing more than crocheting, or what Waldorf schools 
call finger-knitting.)

Once you get really good, you can do this entirely 
with your right hand. It is simple but takes a lot of 
practice, and is prone to embarrassing failures. While 
you have the webbing across the back of your wrist, you 
quickly jerk up your hand to get the loop to rise off your 
wrist a bit. While the loop is in mid-air, you grasp the 
two lengths of webbing, which leaves the loop a bit loose 
on the top of your wrist. Then you give your right hand 
a sort of sinuous shake so that the loop falls over your 
hand, forming the girth hitch. Good if things are being 
recorded but a bit risky for live video. 

To be truthful, I usually just use the fingers of both 
hands to create the girth hitch, and usually while talking 
about something interesting one of my cats did.

Once you’ve got the girth hitch, you should take a few 
seconds to neaten the webbing so it’s not twisted too 
much, though some folding of the webbing is inevitable.

Hold the girth hitch in your left hand, so that the two 
tails of webbing are dangling. With your right hand, 
grab the two tails, together, about four inches below the 
girth hitch. Carefully fold this in half – now you should 
have four thicknesses of webbing in a loop – and stick 
this loop through the girth hitch. Tighten the girth hitch 
a bit, but not too tight. Adjust the webbing loop you just 
pushed through the girth hitch so it’s just big enough 
to push another loop through. Then, reach down, grab 
another doubled loop of the tails, and push through the 
loop. 

Continue doing this over and over until you don’t 
have enough to push another loop through.

Finish the chain by grabbing the tails, and push them 
through that last loop. Voilà! You’ve chained webbing! 
That’s all there is to it. Well, no, it’s not. How does your 
chain look! Does it have that failed-macrame look? 
Then experiment with different ways of chaining. Try 
to keep the webbing as flat as possible. Many find that 
alternating the direction from which you push the web-
bing through the loop results in a neater chain.

There is a nice video of how to do this at https://www.
youtube.com/watch?v=BVFWP5rpoxY. 

If you want to have really neatly and beautifully 
chained webbing (though I’m not sure how heroic web-
bing macrame might be), watch this video: https://www.
youtube.com/watch?v=X9TmV8ktB4Q.

Now, back to the rescue coil. This is tricky, and takes 
a bit of practice. Take the end of a stacked rope, do an 
overhand in the end, and chain the rope singly until you 
have enough to be the circumference of your coil. Try to 
make it about 4 feet but no longer. Chain loosely. 

Now for the tricky part. You loop your rope chain 
around so that now, instead of chaining the rope, you 
are chaining around the first chain. I’ve found it easiest 
to do this with the rope I’m chaining with under the 
already-chained rope. Unlike the initial single chains, 
these chains around the already-chained rope should be 
tight. 

Again, to get this to pay out perfectly, do the first 
chain loose and the chains around the first chain tight. 

As with a rope stacked in a rope bag, you can throw 
this down a cliff, or you can rappel while carrying it. 
Time-consuming to create but stylish and handy. Maybe 
even heroic.

https://www.youtube.com/watch?v=BVFWP5rpoxY
https://www.youtube.com/watch?v=BVFWP5rpoxY
https://www.youtube.com/watch?v=X9TmV8ktB4Q
https://www.youtube.com/watch?v=X9TmV8ktB4Q
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Inspecting, Cleaning and Retiring Rope 

Inspecting Rope 
 Field III 

You inspect rope as you take it out of the rope bag, and 
as you put it back in. If coiling, you inspect it as you 
uncoil and stack it, and as you coil it back up.

There is even an ASTM F1740 Standard Guide for 
Inspection of Nylon, Polyester, or Nylon/Polyester Blend, 
or Both Kernmantle Rope.1 Here are some generally-
accepted guidelines for inspecting rope.

Run your hands over the rope. The entire rope. You 
feel every inch of the rope, and you look at every inch 
of the rope. It’s sort of like belaying, where your braking 
hand never leaves the rope; your hands must feel every 
inch of the rope. One hand (usually your left hand, if 
you’re right-handed) pulls the rope up from the stack 
and shoves it into the rope bag. The right hand stays 
fairly firmly on the rope and feels every inch of the rope 
as your left hand pulls it through your right.

Look for wear in the sheath (mantle). If a rope is 
very fuzzy all over, that makes you a bit suspicious it is 
about time to retire it, if for the simple reason that fuzzy 
ropes are hard to handle, and they absorb water and 
mud. Caving ropes that are used for lots of rappels tend 
to get this way. 

But what really is important is to look for local areas 
where the sheath is damaged. If you can see the core, it’s 
time to retire the rope. If more than half of the sheath 
fibers are gone, it’s time to retire the rope. Yes, you could 
cut out the bad section, and if someone in crampons 

1 https://www.astm.org/Standards/F1740.htm (paywalled).

stepped on a place a foot from the end of a brand-new 
rope, it might make sense to simply shorten the rope a 
foot. But if it’s a well-used rope, maybe it’s time to bite 
the bullet and get rid of the rope. 

Feel for stiffness. A rope that has been heavily loaded 
will often be a little stiff all over. Sometimes, the rope 
even seems to fold up not like a rope but like a set of 
tent poles connected with an elastic cord. But that stiff-
ness disappears quickly as you handle the rope. The rope 
manufacturer PMI recommends that as you inspect a 
rope, you bend it up into a small loop between your two 
hands.2 If one part of the rope refuses to bend, they say 
to retire the rope. However, if the entire rope seems to 
be stiff like this, but it goes away after handling, don’t 
worry about it.

For that matter, some ropes are stiff all the time, 
though newer ropes tend to be a bit more supple than 
older designs. But if most of the rope is soft, and you 
feel a single small hard area pass through your hand, 
and it doesn’t go away when you wiggle the rope a little, 
it’s bad news. It may mean heat damage from where the 
rope stopped in a hot rappel or lowering device. Look 
for telltale glazing of the sheath that might be a clue to 
this. Even without the glazing, though, a stiff area like 
that means “retire the rope.” 

Feel for dents. Even if the sheath is intact, a dent may 
indicate damage to the core (kern). Another clue to such 
damage might be white core fibers sticking out through 
the sheath. Time to retire the rope. 

2 https://pmirope.com/wp-content/prod_instructions/
UI-RescueSpecialityRope.pdf

 ▸ When you stack, bag, coil, uncoil or wash rope, 
inspect for signs need to retire rope:
 ▸ Run hands over rope; if feel a dent, retire
 ▸ Feel for stiffness: if stays stiff after bending rope 
few times, retire
 ▸ Look for sheath wear: if can see core, retire; if 
more than half of sheath fibers gone, retire
 ▸ Look for discoloration that doesn’t go away with 
washing; if so, retire

 ▸ Retire rope and webbing after 10 years, or sooner 
depending on how much use
 ▸ A rope log helps you know when to retire rope 
 ▸ Clean ropes
 ▸ With rope washer

 ▸ With pressure washer
 ▸ Wash in front-loading washer.
 ▸ Wash in top-loading washer after have chained it

 ▸ Webbing contaminated with body fluids: discard
 ▸ Washing rope twice probably disinfects from body 
fluids or Covid-19
 ▸ Rope contaminated with body fluids: can disinfect 
it per the manufacturer’s recommendations with 
dilute bleach or rubbing alcohol, once only. 
 ▸ If used rope in a cave, disinfect from white nose 
syndrome that kills bats by washing in hot water.
 ▸ Don’t dry ropes in direct sunlight or in unprotected 
place.

I m p o r t a n t  P o i n t s

https://www.astm.org/Standards/F1740.htm
https://pmirope.com/wp-content/prod_instructions/UI-RescueSpecialityRope.pdf
https://pmirope.com/wp-content/prod_instructions/UI-RescueSpecialityRope.pdf
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Discoloration usually is just patchy dirt. Mountain 
rescue ropes get dirty on a regular basis. Cave rescue 
ropes get dirty all the time. But if the rope may is pretty 
dirty, it’s time to clean it anyway, and you inspect the 
color as you wash it. 

John Rogowski, a firefighter paramedic mountain 
rescue person with the ASRC’s Allegheny Mountain 
Rescue Group, likens inspecting a rope to the mne-
monic DCAP BTLS1 for a secondary survey of a trauma 
patient: look for deformities, contusions, abrasions, 
penetrations or perforations, burns, tenderness, lacera-
tions, and swelling. 

Nylon ages and gets weaker and less able to absorb 
shock loads even if it’s in your basement.2 It may be only 
a percent or two of strength lost each year, but there are 
recommendations (yes, from people who want to sell 
you new gear) that you should replace all of your rope 
and webbing after ten years, even if it’s never been used. 
There is some evidence to support this, at least for ropes 
than have been used.

The British Mountaineering Council and Mammut (a 
rope manufacturer) recommend this schedule for retir-
ing ropes:3

• Used daily: retire at less than a year
• Used every week: retire at one year
• Used several times a month: retire at 3 years
• Used maybe once a month: retire at 5 years
• Used maybe twice a year: retire at 7 years
• Never used: retire at 10 years

The large US retailer REI says:4

• After a fall with extreme loads or other damage: 
immediately

• Frequent use (weekly): 1 year or sooner
• Regular use (few times per month): 1–3 years
• Occasional use (once per month): 4–5 years
• Rare use (1–2 times per year): 7 years
• Never used: 10 years

You combine your inspection with your knowledge 
of how old the rope is and how hard it has been used to 
determine when to retire it. 

And how do you know this information? You look in 
your:

1 This mnemonic made a lot more sense before Basic Trauma Life 
Support became International Trauma Life Support – Basic.
2 For example, in Richard Delaney’s testing of old slings, reported at 
https://www.ropelab.com.au/old-slings/, he summarized the results: 
“The majority of these slings broke well below their rated strength 
and, in some cases, the failure occurred close to 50% of the original 
rating.”
3 https://blog.weighmyrack.com/
lifespan-of-a-climbing-rope-when-to-retire/
4 https://www.rei.com/blog/climb/when-to-retire-climbing-gear

Rope Log 
 Field III 

There are many different rope logs booklets available 
now, some on water-resistant paper, and many manu-
facturers and retailers now include a rope log form or 
booklet. Perhaps the simplest is that of the US Army, 
shown in the figure. You can see why, given the decreas-
ing strength of rope with age and use, a rope log will 
help you make sure you retire old gear appropriately. 
You can keep a bag full of pieces of short retired rope 
segments to use for knot practice; mark them all with 
black electrical tape, which is a semi-universal sign for 
“don’t use this for life safety!”

Nobody seems to keep webbing logs. It’s a good prac-
tice mark “new 2010” on the end of any new webbing 
you get. You can use a laundry marker (“sharpie”). It 
gets replaced ten years from the “new” date or earlier if 
it’s shows signs of damage.

Ropes for rock climbing are usually rated as far as 
how many falls they can take. “Falls” in this case mean-
ing a leader fall, with a fall factor of more than 1 (see 
Lead Climbing and Fall Factor on page 73). For lead 
climbing ropes, your log should have a place to log 
leader falls.

Mechanically Cleaning Rope
 Field II 

The best way to wash a dirty rope is with a commercial 
rope washer. A rope washer costs less than $50. It’s a 
mostly-hollow T tube about twice the diameter of a 
rope. You hook the bottom of the T to a garden hose or 
similarly-threaded faucet (I use the one on my utility 
sink in the basement). You turn on the water, and small 
orifices in the inside of the top T squirt water into a cen-
tral tube. You pull your rope slowly through the tope of 
the T and it gets washed. Elegant. Simple. No washing-
machine tangles. No need for soap. And, as you’re pull-
ing clean rope out of the washer, you are inspecting it as 
you pull it out.

There are many opinions (expert and otherwise) 
about how to wash ropes, but little or no science. If you 
want to use soap, a mild soap is recommended: Woolite, 
PMI rope soap, or NikWax TechWash. You can hand-
wash it in a bathtub. Or you can put it in a washing 
machine and wash with cold water. To prevent tangles, 
either (1) put it in a pillowcase and tie the pillowcase 
with a twist-tie (for front-loading washers) or (2) chain 
it and carefully place the chained rope evenly around 
the bottom of the washer tub (for top-loading washers). 

https://www.ropelab.com.au/old-slings/
https://blog.weighmyrack.com/lifespan-of-a-climbing-rope-when-to-retire/
https://blog.weighmyrack.com/lifespan-of-a-climbing-rope-when-to-retire/
https://www.rei.com/blog/climb/when-to-retire-climbing-gear
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Some people say to not wash rope in a top-loading 
washer as it might cause weld-abrasion as the rope rubs 
against itself. As long as you daisy chain the rope first, 
this should not be a problem.1 

Some people say to not use pressure-washers, but 
Bruce Smith of On Rope 1, one of the best rope experts, 
recommends it.2 

All in all, it’s hard to beat just pulling the rope 
through a dedicated rope washer, as long as you’re just 
washing a couple of ropes. If you have a lot of ropes to 
wash, it might be better to use Bruce’s pressure-washer 
method.

The only problem with the pressure washer method 
is it needs to be above freezing and you need a clean 
driveway or patio. In the winter, in the North you need 
a large, well-drained, clean indoor area. But the indoor 
rope-washer method works regardless of the weather 
outside, and all you need is a laundry sink.

Don’t dry your rope in a dryer! Heat is bad for nylon 
rope. Hang it up to air-dry. But not in direct sunlight: 

1 http://basicrockclimbing.com/how-to-wash-a-climbing-rope/
2 https://onrope1.com/myth-busters; see also the pictures at https://
swaygogear.com/pressure-washing-rope/

ultraviolet light causes nylon to deteriorate. Also make 
sure it’s in a secure place where nobody can damage it.

Once it is dry, as you’re putting it away, inspect again, 
and if you still find a discolored area, either (a) you need 
to wash the rope again, or (b) that section is damaged 
and you should retire the rope. You start worrying about 
something having gotten on it that dissolves nylon. Like 
battery acid. 

Disinfecting Rope
 Field II 

We worry about ropes and webbing and harnesses 
transmitting infectious disease. If our rope gets bloody 
we worry about bloodborne pathogens such as HIV 
or Hepatitis C. If we do a cave rescue or a cave rescue 
training, we worry about the causative agent of White 
Nose Syndrome that kills bats, caused by a fungus called 
Geomyces destructans. And we worry about the corona-
virus that causes Covid-19.

But we also worry that disinfecting our rope will 
damage it and then make the patient and us go splat.

Let’s start with White Nose Syndrome as it’s the easi-
est to know how to deal with. 

US Army Rope Log
Public domain, US Army.

http://basicrockclimbing.com/how-to-wash-a-climbing-rope/
https://onrope1.com/myth-busters
https://swaygogear.com/pressure-washing-rope/
https://swaygogear.com/pressure-washing-rope/
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To clean caving gear of contamination with the 
causative agent of White Nose Syndrome (a fatal disease 
affecting bats), the U.S. Forest Service recommends 
soaking caving gear, including caving ropes and har-
nesses, in 55°C water for at least 20 minutes.1 They found 
that soaking in hot water did decrease the strength of 
the ropes and harnesses but not significantly. You can do 
this simply by washing your gear in a washing machine 
using a long hot water cycle. Most home hot water heat-
ers in the US are set at a default temperature of 140° F 
which is 60°C. 

For Covid-19, one rope manufacturer, Maxim, recom-
mends soaking the rope in 70% isopropyl alcohol and 
30% distilled water for three minutes and then air-dry-
ing for 48 hours. (70% isopropyl alchol is that standard 
rubbing alcohol you can find in any drugstore.) They 
did studies of this and found it only decreased the 
strength of the rope about 2-4%, which is not signifi-
cant, though the rope did seem to be a bit stiff after this 
treatment.2 They’re not sure it gets rid of coronavirus, 
but it probably does.

As mentioned earlier in the Rope Care section, bleach 
damages rope and webbing. Most manufacturers say not 
to use chlorine bleach to disinfect rope as it damages 
the rope. However, the rope manufacturer PMI recom-
mends the NFPA protocol for disinfecting bloody rope:

To disinfect a rope from suspected bloodborne 
pathogens, PMI recommends following the NFPA 
standard for cleaning rescue gear of bloodborne 
pathogens. Keeping in mind that undiluted house-
hold bleach is known to damage nylon ropes, NFPA 
calls for using a diluted solution of household bleach 
to clean rescue gear exposed to bloodborne patho-
gens. Add 60 ml of household bleach per 4 liters 
of tap water. That’s about one quarter (1/4) cup of 
household bleach per gallon of water. Be aware that 
some commercial bleach solutions are stronger than 
the recommended 1.5% that is typical for household 
bleach. Soak the gear in the diluted solution for ten 
minutes, then rinse thoroughly with tap water. The 
rinsing cycle is critical to prevent any damage to the 
rope from the bleach. It is good to soak the gear in 
tap water for the same amount of time it soaked in 
the bleach solution. Allow the gear to thoroughly dry 
in a cool place before storing it. Never dry your ropes 
in direct sunlight or laying on an unprotected surface. 
Never store ropes and gear wet.3

1 Effects of Pathogen Decontamination on the Strength of Climbing 
Rope and Harness Equipment; https://caves.org/WNS/Rope%20
and%20harness%20decon%20tests.pdf
2 https://www.maximropes.com/home/tech_info/
covid_19_rope_disinfection/
3 https://pmirope.com/wp-content/prod_instructions/

PMI also recommends dilute bleach for disinfecting 
ropes from White Nose Syndrome. However, at the end 
of this recommendation, PMI says:

This statement is intended to address a unique, 
distress situation and does not address the question of 
multiple, or repeated disinfection.

The situation with WNS introduces the concept of 
frequent decontamination, a situation that has not 
previously been common. With this in mind PMI 
would like to take this opportunity to remind cav-
ers and other rope users that bleaching a rope does 
weaken the fiber structure, and repeated bleaching 
will weaken the fiber structure even more.

Specifically, although PMI’s testing suggests that a 
single disinfection using the recommended method 
will not cause appreciable harm to nylon or polyester 
ropes, if this process is repeated multiple times the 
damage will inevitably become appreciable, and this 
damage is not necessarily detectable through visual 
inspection.

Therefore, at this time PMI does NOT recommend 
using the above method to repeatedly disinfect ropes.4

So, for a single rare possible bloodborne pathogen 
contamination of a rope or webbing, a single treat-
ment with bleach would be acceptable. For for routine 
cleaning for frequent disinfecting for possible Covid-19 
contamination, it is not acceptable. If you clean rope or 
webbing with bleach for a single blood or body fluid 
exposure, use a washing machine, rope washer or pres-
sure washer on the rope after the bleach to make sure 
you get all the bleach out.

The chance of anyone catching a blood-borne 
pathogen from a rope that has been washed twice in 
a washing machine, with a rope washer or a pressure 
washer, whether with hot or cold water and with or 
without soap, asymptotically approaches zero. the same 
probably applies for Covid-19, unless maybe a lot of 
people with Covid-19 have been using the rope to cover 
their mouths when they cough, but probably even then 
washing twice would be effective. There is no evidence 
to support this, so you may cite it as “expert opinion.” It 
would be nice if we had a better answer to this impor-
tant question.

UI-RescueSpecialityRope.pdf; see also https://www.qrfs.com/
blog/197-life-safety-rope-nfpa-requirements-for-cleaning-and-stor-
age/ (Note that NFPA standards are paywalled but the link to the 
appropriate standard’s page is https://www.nfpa.org/codes-and-
standards/all-codes-and-standards/list-of-codes-and-standards/
detail?code=1858.)
4 https://pmirope.com/uploaded-files/
WNSandRopeDecontamination.pdf

https://caves.org/WNS/Rope%20and%20harness%20decon%20tests.pdf
https://caves.org/WNS/Rope%20and%20harness%20decon%20tests.pdf
https://www.maximropes.com/home/tech_info/covid_19_rope_disinfection/
https://www.maximropes.com/home/tech_info/covid_19_rope_disinfection/
https://pmirope.com/wp-content/prod_instructions/UI-RescueSpecialityRope.pdf
https://pmirope.com/wp-content/prod_instructions/UI-RescueSpecialityRope.pdf
https://www.qrfs.com/blog/197-life-safety-rope-nfpa-requirements-for-cleaning-and-storage/
https://www.qrfs.com/blog/197-life-safety-rope-nfpa-requirements-for-cleaning-and-storage/
https://www.qrfs.com/blog/197-life-safety-rope-nfpa-requirements-for-cleaning-and-storage/
https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=1858
https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=1858
https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=1858
https://pmirope.com/uploaded-files/WNSandRopeDecontamination.pdf
https://pmirope.com/uploaded-files/WNSandRopeDecontamination.pdf
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Anchor Basics 

If you want to rappel, or lower a litter, or belay a lit-
ter coming uphill, or haul a litter uphill, then you need 
an anchor. 

In emergency services training these days, there are 
three levels of training/competence for almost every 
discipline: HazMat (hazardous materials), whitewater 
rescue, whatever. There are various official definitions, 
but here are some take-home impression. 
 • Awareness Level means you have at least a clue about the 
hazards involved. You know enough to not get yourself 
killed right away, even if you can’t actually do any rescue 
work. You will at least not get in the way and actually 
might be able to help a competent rescuer a little bit.
 • Technician Level means you know what you are doing, 
and can accomplish standard rescue tasks competently 
and efficiently. 
 • Operations Level falls between the two.

The goal of this section is to give you Awareness 
Level for the field of anchoring in general, and when 
combined with some practice, Technician Level for the 
simple “bombproof ” anchors usually used for semi-tech 
evacs in the mid-Appalachian area (trees). We will start 
with learning at least the names and basic explanations 
of different types of anchors. The subject of anchors is 
quite extensive. We won’t go into excessive detail, but we 
will run through a bit about anchors in general, com-
ing from the climbing and caving perspective, and then 
focus in detail on anchors for semi-tech evacs. 

In the mid-Appalachian, we are blessed with – or, 
hikers who like expansive views would say cursed with 
– mountains covered in a dense hardwood forest. That 
means that on most of our mountains, you can’t walk 
more than a few feet in a straight line without bump-
ing into a “bombproof ” anchor in the form of a big 

hardwood tree. Unlike other mountains, where pick-
ing the best of a few not-very-good anchors and trying 
to make them into one adequate anchor is a critical 
skill, we usually just need to pick the best of several 
good options. And we aren’t going to be discussing the 
very strong anchors you need for a Tyrolean traverse 
(highline), If you want to learn about these things, read 
Chapter 10 in the National Park Service Technical Rescue 
Handbook which is a high-quality, free online tutorial: 
wp-content/uploads/2016/05/nps-technical-rescue-
handbook-2014.pdf. 

It is worth considering the principles for rock climb-
ing and mountaineering anchors, usually in situations 
where your mountain is not entirely covered with 
“bombproof ” single large tree anchors, and for a rescue, 
you need to combine several anchors. This is captured in 
a mnemonic for sport-climbing anchors – one we hope 
is just a teaching tool that nobody expects anyone to 
memorize or regurgitate on a test – is SERENE:
• Strong (or Solid): Select anchor points that are 

capable of holding the load.
• Equalized: Construct systems combining multiple 

anchors so that each anchor point carries an equally 
appropriate amount of the load.

• Redundant: Make sure that a system of more than 
one “bomproof ” anchor consist of multiple compo-
nents in case one or more components fail.

• Efficient: The best anchor is, in many cases, the one 
you can set up quickly without giving up any of the 
other SERENE qualities.

• No Extension: Build systems of multiple anchors 
so that if one or more of the components fail, the 
remaining components will not be shock loaded.

 ▸ Rescue anchors complicated; this chapter mostly 
about “bombproof” tree anchors
 ▸ May need to combine questionable anchors to make 
one acceptable anchor. 
 ▸ EARNEST’R mnemonic for rescue anchor systems:
 ▸ Equalized: construct anchor systems so each 
anchor carries equal load
 ▸ Angle/Alignment: aim anchors at direction from 
which shock force will come 
 ▸ Redundant: have components in parallel in case a 
component fails
 ▸ No Extension: construct system so if component 

fails remaining components won’t be shock 
loaded
 ▸ Strong (or Solid): Select strong anchor points
 ▸ Timely: Don’t waste time setting up elaborate 
anchor systems when not needed
 ▸ Rigid: When appropriate, remove slack from 
anchor system through pre-tensioning

 ▸ Specialized anchor types require specialized 
training:
 ▸ Climbing type anchors: pitons, nuts/chocks, 
Friends and similar, bolts
 ▸ Snow and ice anchors

I m p o r t a n t  P o i n t s
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There is another mnemonic that nobody should ever 
try to memorize but that is also a worthwhile teaching 
tool, specifically for rescue anchors, EARNEST’R:

Equalized: Anchor systems should be constructed so 
that each anchor point carries an equal amount of the 
load.

Angle/Alignment: as shown in Sitting Hip Belay: 
Belay Stance on page 142, your anchors, as with belay 
stances, must be aimed at the direction from which the 
shock force of a fall will come. 

Redundant: If you have to use an anchor system 
of multiple “non-bombproof ” anchors, have multiple 
components in case one or more components fail. This 
also applies to when the semi-tech evac is very steep, 
and you rig with two ropes instead of one; see One Line 
or Two? and Two-Tensioned Lines on page 160.

No Extension: Build a multi-anchor system so that 
if one or more of the components fail the remaining 
components won’t be shock loaded.

Strong (or Solid): Select anchor points that are 
capable of holding the load.

Timely: Don’t waste time setting up elaborate anchor 
systems when you don’t need to to meet the other prin-
ciples of EARNEST’R.

Rigid: When possible and appropriate, remove slack 
from the anchor or anchor system through pre-tension-
ing. See Series Tieback on page 100 for a schematic of 
how to use a pretensioned tieback to use a high anchor 
on a tree, or to backup a tree that is in good position but 
somewhat questionable. 

Protection (“Pro”) 

Anchors include “protection” (sometimes “pro”) for 
lead climbing, which are anchors you place on a cliff as 
you’re climbing up it. 

The simplest protection is to take a loop of webbing 
or rope and flip it over a rock spur as shown in the dia-
gram. Webbing loops are usually sewed or pre-tied with 
a water knot. Rope loops are usually sewed or pre-tied 
with a double fisherman’s knot (barrel bend). 

It’s important to use the right size loop of webbing 
or rope. If the loop is a bit too small, the angle θ (Greek 
lowercase theta), as shown in the diagram Anchor: 
Runner Over Rock Spur. on page 92, may be wide 
rather than narrow. And, once the angle θ gets wider 
than 60°, it starts multiplying force significantly. Indeed, 
at an angle θ of 180° (straight, no angle at all)it doesn’t 
take much pull on the carabiner shoto snap the webbing 
loop. Therefore, with any anchor rigging, it’s important 
to make that angle θ acute (< 90°, preferred <60°) to 
avoid this force-multiplying effect. 

When I first started rock climbing in the 1960s, I used 
Chouinard pitons (metal spikes) that I would ham-
mer into cracks in the rock. These are now considered 
некультурный (or as they say in Pittsburghese,1 “igno-
rant”) as they damage the rock. 

 I also used nuts – originally nuts (as in nuts and 
bolts, not as in walnuts) with rope threaded through 
them, that I placed in cracks in the rock. These were 
eventually replaced by hexagonal blocks of aluminum 
with rope threaded through them, later in many other 
shapes. Today, lead climbers tend to use devices called 
Friends (after the initially-dominant brand) or cams, 
which are spring-loaded camming devices that are 
much easier to place and remove, and fit in a greater 
variety of cracks.2 While such anchors are widely used 
in sport climbing and sometimes in Alpine or dry-
mountain rescue, you will seldom or never need them 
for semi-technical evacuations in the tree-covered 
mid-Appalachians. 

For climbing, you may want to protect a popular 
route from damage from temporary anchors by placing 
a single permanent anchor. In caving, you may need to 
create an anchor at one particular place to rig a rope 
down a pit so it people on the rope are not immersed 
in the waterfall. For such situations, you need to put in 
a bolt. Unlike setting climbing protection, putting in a 
bolt is much more involved. Although there are hand 
drills you can use to put in bolts, most experienced 
bolters tend to use Hilti or other industrial rock drills to 
place the holes. Placing the bolts in the holes drilled in 
the rock is itself somewhat of a black art, requiring judg-
ment of the quality of the rock and the quality of the 
placement. Hangers are attached to the bolts to allow a 
carabiner to be clipped to the bolt. Since bolts tend to 
pull out if you pull them in an out direction, it’s impor-
tant to only load them parallel to the surface of the rock, 
that is, perpendicular to the bolt itself. It’s also common 
practice to place two bolts side-by-side and to anchor to 
both of them for security. 

Learning how to bolt, or how to place climbing-type 
protection for anchors, is way beyond the scope of this 
chapter.

Snow and Ice Anchors 

Snow and ice anchors represent another complex area of 
anchor-expertise. Ice screws are rarely used as anchors 
for semi-tech evacs, even in alpine areas. But deadmen 
(flukes) and snow pickets are indeed sometimes used for 
lowering on steep snow slopes. And, deadmen and snow 

1 http://www.pittsburghese.com/
2 https://en.wikipedia.org/wiki/Spring-loaded_camming_device

http://www.pittsburghese.com/
https://en.wikipedia.org/wiki/Spring-loaded_camming_device
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Assorted Nuts (Chocks) and Removal Tool
Via Wikimedia Commons, licensed under the Creative Commons 

Attribution 3.0 Unported license, user Zakabog.

Tom Frost with Pitons, Camp 4, Yosemite Valley, circa 1960
Via Wikimedia Commons, licensed under the Creative Commons 

Attribution 3.0 Unported license, no user specified.

Anchor Bolt in Cave
Courtesy Lane Holdcroft

Spring-Loaded Camming Devices
Via Wikimedia Commons, licensed under the Creative Commons 

Attribution-Share Alike 3.0 Unported license, courtesy user Guidobl

Anchor: Runner Over Rock Spur. 
The angle θ must be acute to prevent multiplication 

of force resulting in failure under load.
From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 
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pickets may also be used in mud in caves as anchors. 
Commercial deadmen and pickets are available, but 
they can also be improvised from logs or rocks buried 
in snow or mud. A bollard can also serve as an anchor 
in hard snow or mud. To make a bollard, you dig out a 
hole in the shape of a doughnut, leaving the doughnut 
hole sticking up. A very big doughnut hole: it needs to 
be about 6 feet across. And it actually should be a bit 
teardrop-shaped, with the point of the teardrop aim-
ing at the expected load. You then wrap a rope or sling 
around that doughnut hole. Does this sound a bit scary? 
Good. 

Placing ice anchors is a specialty unto itself. Ice 
screws are available, and there are special tools you need 
to put them in and get them out. Learning snow and 
ice anchors and bolts, and protection in general, is best 
learned by apprenticing yourself to an expert, not read-
ing about it here. And it’s very, very rare to need to place 
such anchors in the mid-Appalachian area. The main 
reason to learn about these type of anchors is if (a) you 
like recreational ice climbing or high-altitude moun-
taineering, or (b) your SAR team is a Mountain Rescue 
Association team and at least some members of your 
team need to have expertise with these anchors to pass 
the MRA team credentialing test. But this is a topic, like 
vertical rescue, that is beyond the scope of this chapter.

OK, now that we’ve had an overview of anchors in 
general, let’s look at those anchors very commonly used 
for semi-tech evacs and rappelling. 

Snow Anchors: Picket (top) and Deadman (bottom)
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Tree Anchors 

 Field II 

Especially in the hardwood forest that covers 
most of the Appalachian mountains and nearby rolling 
hills, there’s no better anchor than a big, well-rooted 
hardwood tree such as an oak or hickory or maple. And, 
such trees are usually available. Coniferous trees such as 
white pines can be quite strong, but the sticky sap tends 
to get on your rope or webbing, so pick a hardwood if 
you can. And don’t use a coniferious tree for a tree-wrap 
belay or lowering, it will kill the tree and coat your 
entire rope in hard-to-remove sap. 

Picking an Anchor Tree 
 Field II 

When picking a tree for an anchor, inspect for:
• Proper type of tree?
• Big enough?
• Live or just recently dead?
• Well-rooted?
• Do a 360° survey: check the other side of the tree, 

look up for dead branches that might fall
A paper from the 2010 International Technical Rescue 

Symposium by Rick Weber entitled How to Determine 

Tree Strength and Build Tree Anchors1 provides detailed 
information about how to select tree anchors, based 
on actual testing of different species of trees. Weber 
concluded:

If an anchor can be affixed to a tree at a point on 
the trun ≈ k no higher off the ground than a distance 
equal to the tree’s diameter, then the trunk diameter 
at that point should be no less than 6.5 inches (16.5 
centimeters). A typical rescue helmet is 8 inches wide 
and can provide a convenient measuring means.

The testing included both hardwoods (beech, hickory, 
maple, oak, poplar, sycamore) and coniferous trees 
(eastern hemlock, Virginia pine, white pine). The hard-
woods tended to be a bit stronger than the conifers but 
the variation within a species was larger than the varia-
tion between species.

That conclusion above was for full vertical rescue 
loads. Weber gives a list of principles for selecting trees 
for anchors; while most of them are for rigging for 
vertical rescue, three apply to selecting tree anchors for 
semi-tech evacs:

1 http://itrsonline.org/wordpress/wp-content/uploads/2015/03/Weber.
pdf

 ▸ Picking a tree for an anchor:
 ▸ Proper type of tree
 ▸ Big enough
 ▸ Live or just recently dead
 ▸ Well-rooted 
 ▸ 360° survey: far side of the tree, look for dead 
branches that might fall

 ▸ Anchor on tree’s trunk:
 ▸ No higher than the tree’s diameter
 ▸ Trunk diameter at that point ≥ 6.5” (16.5 cm) 
 ▸ Unless use a pretensioned tie-back

 ▸ Hardwoods and coniferous trees both good 
anchors
 ▸ For tree-wrap belay or lowering: only hardwood trees 
with thick bark
 ▸ For webbing slings on a tree:
 ▸ Angle at load carabiner < 90°, preferably < 60° 
 ▸ Rule of extended thumb: hand, with fingers and 
thumb extended ≈ 90° angle

 ▸ Anchor mechanical device to tree with webbing:

 ▸ Modified basket hitch: use pretied webbing loop 
around tree, clip ends of loop together with cara-
biner, then clip a second carabiner into the webbing 
for load
 ▸ Modified basket hitch is stronger than wrap-3, 
pull-2, does not impose a triaxial load on cara-
biner, faster and easier to rig than wrap-3/pull-2 
anchor: best known way to rig to a tree
 ▸ “Standard” basket hitch can triaxial-load cara-
biner: avoid
 ▸ Wrap-3, pull-2: use backed-up water knot to tie 
webbing, knot in middle of the wrap on tree on 
downhill (load) side
 ▸ Girth hitch only for non-rescue loads 

 ▸ To rig static line to tree for rappelling or ascending, 
tree wrap/tensionless hitch best:
 ▸ Wrap 3-4x up tree
 ▸ Secure end of tree wrap anchor with tautline hitch, 
Prusik for doubled rope, it rope has figure 8 loop 
in end already, simply clip to line

I m p o r t a n t  P o i n t s

http://itrsonline.org/wordpress/wp-content/uploads/2015/03/Weber.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2015/03/Weber.pdf
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 • Use only live trees or ones that have recently died.
 • Avoid trees with dead snags that could break off and 
drop onto rescuers.
 • Use the largest diameter trees available in the vicinity.
 • If you’re using tree wrap belays or particularly tree-wrap 
lowering, only use hardwood trees with thick bark such as 
oak, beech, maple, hickory, or poplar.

What if you are in an area without any big trees? 
A 2012 ITRS paper, Are Scrub Oak Shrubs a Viable 
Anchor Source for Rescue Sized Loads? looked at using 
a particular species of scrub oak, found in the Denver 
area, as anchors. They used a wrap-2 pull-1 anchor 
(webbing with two wraps around the scrub oak, rigged 
into just one of the wraps), but given the failures were of 
the shrubs and not the webbing, a girth hitch or basket 
hitch would likely work as well and would be much 
quicker to set up. They recommended using multiple 
anchors, and only using healthy-looking bushes with a 
base more than 10” in diameter. It is hard to generalize 
from this study of one particular species, but if push 
comes to shove and no other anchors are available, hav-
ing modified basket hitches (see Modified Basket Hitch, 
Doubled-Runner/Basket Hitch and Girth Hitch on page 
96) around several bushes might be a reasonable 
anchor. This brings up the question of how to combine 
multiple low-quality anchors into a single reasonable 
anchor by distributing the stress. 

It is possible to use anchors in series, so that each 
anchor is backed up by another. 

We know that tree anchors tend to fail by the tree 
tilting, and the anchor slipping up the tree. Have you 
ever seen a tree being transported to be transplanted? 
The tree roots and a big ball of dirt are wrapped up in 
burlap. Trees fail the same way; a big ball of roots and 
dirt rotates.

This suggests a method for backing up a tree that is 
in the perfect place for an anchor, but is a bit question-
able. or if you want to anchor high on the tree to avoid 
a sharp edge. See Series Tieback on page 100 for a 
schematic. 

You anchor to your perfect-position but questionable 
primary anchor tree. Then, a few feet higher on your 
primary anchor tree, you wrap a sling around it then 
run a rope or webbing sling to the bottom of a more-
solid tree behind it. To make this work, you will need to 
tension this backup anchor sling a bit. You can do this 
with a short rope or long piece of webbing with a tree 
wrap on both trees that you can tension by attaching a 
Prusik and having several people haul on it. Or, you can 
do a 3:1 haul system using carabiners as shown in the 
schematic, or with what’s called a trucker’s hitch: using 
a butterfly knot to create a very crude 3:1 haul system 
using only the rope. Theoretically, you could have a 
backup for the backup, and then a backup for that… 

while multiple tiebacks are is used by engineers, for res-
cue work, a single series backup is usually enough. This 
may be called a tie-back or back-tie.

It is also possible to arrange anchors not in series, 
but in parallel. There has been much written on the use 
of multiple marginal anchors, and perhaps the best is 
a paper published in issue #51 of The Nylon Highway 
(the newsletter of the Vertical Section of the National 
Speleological Society) in 2006, entitled “Multi-point, 
Pre-equalizing Anchors.” The analysis is exquisitely 
detailed, including both theory and pull-testing. 

The take-home messages are as follows:
• Three anchors are better than two.
• Four anchors are not significantly better than three.
• “Self-equalizing” anchor rigging (where the slings 

can slide under load, but also slide a lot if one anchor 
fails) are inferior to “load-sharing” anchors where 
you have manually adjusted the lengths of the slings.
The easiest way to create a load-sharing anchor is to 

use a Frost Knot, which is described in the section on 
knots.

Potential Anchor Tree
Beagle for scale.
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Anchoring to a Tree 
 Field II 

Shock loads for a semi-tech evac should be significantly 
less than for a vertical rescue. Therefore doing a tree 
belay a few feet up a tree is acceptable, provided it’s 
less than about twice the diameter of the tree above the 
ground. Since the belayer usually stands below the tree, 
and you’re on a slope, it’s seldom hard to do this.

Sometimes, instead of tree belays, you do a semi-tech 
evac with Figure 8 descenders, rappel racks, Scarabs or 
some other device for lowering.1 This requires a webbing 
anchor on the tree. There are three main ways to rig 
webbing to a tree: wrap-3 pull-2, a doubled runner also 
known as a basket hitch or modified basket hitch, and a 
girth hitch. 

1 Racks are easiest to use, as they have the widest range of control. 
However, they are long and klunky and tend to bang into your knee 
when they are haning from your harness or sling. A scarab is even 
smaller than a Figure 8, and has a wider range of control than a Figure 
8, but is more expensive and is not as easy to use as a rappel rack. 

Anchor Sling Angles
 Field II 

Whatever method you use to put an anchor sling 
around a tree, there is a rule of thumb that you should 
use to check your rigging. The angle of the webbing 
where you clip in the carabiner should be acute (nar-
row) and not obtuse (wide). Why? An obtuse (wide) 
angle multiplies the force in the anchor sling, making it 
more likely to fail, especially under a shock load.

People argue about what angle is acceptable, but there 
seems to be a consensus that less than 60° is best, an 
angle of 120° doubles the stress in your anchor sling. 

And here is the rule of thumb, or rather the rule of the 
extended thumb: look at the angle where you’ve clipped 
the carabiner into your anchor sling. Hold up your 
hand, with your fingers and thumb extended, and your 
thumb stretched as far from your index finger (pointer 
finger) as it will go. For most people, that’s about a 90° 
angle. Hold up your hand in front of the angle at the 
carabiner: if the angle is wider than this angle, rerig to 
make the angle more acute (narrower). 

Modified Basket Hitch, Doubled-Runner/
Basket Hitch and Girth Hitch
 Field II 

On multi-pitch semi-tech evacs, you’re trying to move 
fast. So, let’s consider ways to quickly rig webbing and a 
lowering device to a tree: doubled-runner/basket hitch, 
modified basket hitch and girth-hitch. Given what we 
know from the study of how wrap-3 pull-2 rigging fails, 
these two are likely just as strong as your rope, so there 
should be no concern about using them as alternatives. 

The simplest rig is to have a locking carabiner and a 
Figure 8 (or other) descender/lowering device on a long, 
pre-tied or sewed webbing loop sling. You hold onto the 
end without the 8, then (carefully) fling the end with 
the biner/8 around the top of the tree. You then clip the 
biner into the other end of the runner, thread the rope 
through the Figure 8 attached to the biner, lock the 
biner, and get ready to lower. Construction riggers using 
steel cable call this a basket hitch and this term is gaining 
currency in rope rescue, but the term doubled runner is 
commonly used in climbing.

This has the advantages of rapid rigging and extreme 
simplicity.

Testing by CMC with a 90° angle showed the bas-
ket hitch to be slightly stronger than the wrap-3, 
pull-2 anchor.2 Testing done by the ASRC’s Allegheny 

2 https://www.cmcpro.com/
one-inch-webbing-anchors-minimum-breaking-strength/

Potential Anchor Tree
Uphill side. Shows why to always to a 360° inspection of tree.

https://www.cmcpro.com/one-inch-webbing-anchors-minimum-breaking-strength/
https://www.cmcpro.com/one-inch-webbing-anchors-minimum-breaking-strength/
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Mountain Rescue Group in 2017, and reported at the 
2018 ASRC Winter Retreat, had as one of its conclu-
sions: The basket hitch is as strong or stronger than the 
W3P2 when tied with an internal angle less than 45 
degrees: avoid extreme angles!1 One problem with this 
basic basket hitch as discussed in this presentation: 
especially if you have an obtuse angle at the biner, you 
impose a triaxial load, also called a three-way load, 
onto the carabiner: loading in three directions at once. 
Carabiners are not designed for this, and this is a good 
way to make a biner explode under a rescue load, as 
shown in the presentation referenced in the footnote.

Australia’s RopeLab has tested aluminum locking D 
carabiners with such a triaxial/3-way load, and found 
that, even with an anchor angle of 60° or less, these 
carabiners will sometimes fail, and that we should figure 
they should be rated only 80% of their maximum break-
ing strength when rigged this way.2

A simple way to avoid this triaxial/3-way stress is to 
use a modified basket hitch. There are two different ways 
to modify the basket hitch, one of which seems superior.

In the NPS Technical Rescue Handbook3 they show 
how you can tie an overhand knot in the webbing to 
avoid triaxial loading. This reduces the strength of the 
system by about 50%,4 and involves having to tie an 
overhand knot and then untie it later, after it’s been 
heavily stressed: almost impossible. There is as yet no 
publicly-available pull-testing of this method to see how 
strong it is.

Instead, a simpler, easier, faster and stronger method 
is as follows. The modification requires a second lock-
ing D carabiner. What follows explains it in text but 
it’s much easier if you just look at the picture Modified 
Basket Hitch on page 97 first. 

Grasp your pretied webbing loop with a locking cara-
biner clipped into it. Fling the end of the loop with the 
biner on it around the top of the tree (the extra weight 
of the biner helps it get around to the other side so you 
can catch it). As before, clip the two ends of the loop 
together with this locking D carabiner. But now, lock the 
gate of that carabiner, and slide the webbing around so 
that this biner is holding the ends of the sling together 
but halfway up to the tree on one side. It’s doing noth-
ing but holding the two ends of the loop together. 
Now clip your second locking D carabiner directly into 

1 http://archive.asrc.net/ASRC-Training/ASRC-Meeting-
Retreat-Educational-Materials/2018-ASRC-Retreat-Educational-
Materials/2018-01-13-ASRC-Basket-Hitch.pdf (click on the presenter 
notes balloons for more information on each slide)
2 https://www.ropelab.com.au/three-way-loading/
3 https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-
handbook-2014.pdf
4 https://www.ropelab.com.au/members-derating-for-knots/ 
(paywalled)

Modified Basket Hitch, Deprecated Method
Public domain, NPS Technical Rescue Manual. 

Modified Basket Hitch
Recommended method and Rule of Extended Thumb. The angle of the anchor sling 

at the carabiner should be less than 90°, which you can measure between your index 
(pointer) finger and your extended thumb. Showing 2019 Petzl I’D Evac rigged to lower. 

Anchor: Girth-Hitch Runner on Left, Basket Hitch/Doubled Runner on Right
From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 

http://archive.asrc.net/ASRC-Training/ASRC-Meeting-Retreat-Educational-Materials/2018-ASRC-Retreat-Educational-Materials/2018-01-13-ASRC-Basket-Hitch.pdf
http://archive.asrc.net/ASRC-Training/ASRC-Meeting-Retreat-Educational-Materials/2018-ASRC-Retreat-Educational-Materials/2018-01-13-ASRC-Basket-Hitch.pdf
http://archive.asrc.net/ASRC-Training/ASRC-Meeting-Retreat-Educational-Materials/2018-ASRC-Retreat-Educational-Materials/2018-01-13-ASRC-Basket-Hitch.pdf
https://www.ropelab.com.au/three-way-loading/
https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-handbook-2014.pdf
https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-handbook-2014.pdf
https://www.ropelab.com.au/members-derating-for-knots/
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dual-webbing loop of the sling, and use this as your 
anchor for your lowering device (or whatever).

Sometimes, you may need to “chain” an additional 
runner to the existing runner make it long enough to 
go around a particularly big tree, and allow the angle 
at the carabiner q to be acceptably acute (<60°). This 
daisy-chaining does decrease the strength of the rigging 
slightly, but not significantly. 

What if you want the sling to stay at the same point 
on the tree, and not to slide up or down? You might 
want to do this to get a better position for the belayer, or 
to keep the rigging out of some poison ivy. There are a 
couple of alternatives. The easiest is is to girth hitch the 
runner around the tree. Construction riggers working 
with steel cable call this a “choker” but the term “girth 
hitch” is more common in rope rescue. This, however, 
is only about half as strong as a modified basket hitch.1 
This makes sense: you are clipping your carabiner into 
just one strand of webbing rather than two.

1 https://www.cmcpro.com/
one-inch-webbing-anchors-minimum-breaking-strength/

A better alternative, although it takes more webbing, 
is to use a modified basket hitch, but to wrap it twice 
around the tree before clipping the ends together with 
a single locking D carabiner. You can then clip your 
second locking D carabiner into just two thicknesses of 
webbing, leaving the other full loop around the tree to 
keep it in place. If your pretied webbing loop sling is too 
long for a small tree, you can also wrap it around the 
tree simply to shorten the rigging a bit. A pretied web-
bing sling made from 30’ (10 m) of webbing will fit most 
anchor trees.

Wrap-3, Pull-2 Sling Anchor
 Field II 

Wrap-three-pull-two is a traditional way to rig to trees 
when there may be heavy loads, as in vertical rescue or 
a Tyrolean traverse (highline). It’s not quite as strong 
as a modified basket hitch (see below). However, many 
people know how to tie a wrap-3, pull-2, and it is only 
slowly being replaced by a modified basket hitch. A 
wrap 3, pull 2 uses less webbing than a modified basket 
hitch, so if you’re running short on webbing can use it 
instead of a basket hitch.

The rigging is quite simple. You take a length of web-
bing (not a pre-tied loop runner) and wrap it around a 
tree three times. You tie it with a water knot, and back 
up the water knot on either side with an overhand. You 
pull two of the three loops, and rig into them with a 
carabiner. Done. 

It is traditional to place the knot away from load-
bearing limbs, that is, on the one loop you didn’t pull. 
It is also traditional to place the knot on the side of the 
tree facing the load.

But a 2013 International Technical Rescue Symposium 
paper, Causal Mechanisms of Webbing Anchor Interface 
Failure by Thomas Evans, Sherrie McConaughey, and 
Aaron Stavens, found it made no significant differ-
ence where the knot was.2 A study by Richard Delaney 
reported in 2015 showed the same.3 A wrap-3 pull-2 
breaks at the carabiner attachment, not at the knot. A 
wrap-3 pull-two is also significantly stronger than 11 
mm (7/16”) rope. So it really doesn’t matter where the 
knot is. 

The tradition to place the knot there is very strong, 
and if you don’t put the knot where it’s “supposed” to be, 
you will lose points for style. It also makes it harder for 

2 http://itrsonline.org/wordpress/wp-content/uploads/2014/09/
Evans-Stavens-McConaughey2012_ITRSAbstract.pdf; see also http://
itrsonline.org/wordpress/wp-content/uploads/2014/09/Evans-
Stavens2011_ITRSAbstract.pdf
3 https://www.ropelab.com.au/
members-wrap-3-pull-2-with-a-thumb-knot/

Wrap-2 Pull-2 Anchor
Backup knots shown loose for clarity, snug up after tying. See http://

www.conovers.org/ftp/Poison-Ivy.pdf to identify plant hazards. 

https://www.cmcpro.com/one-inch-webbing-anchors-minimum-breaking-strength/
https://www.cmcpro.com/one-inch-webbing-anchors-minimum-breaking-strength/
http://itrsonline.org/wordpress/wp-content/uploads/2014/09/Evans-Stavens-McConaughey2012_ITRSAbstract.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2014/09/Evans-Stavens-McConaughey2012_ITRSAbstract.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2014/09/Evans-Stavens2011_ITRSAbstract.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2014/09/Evans-Stavens2011_ITRSAbstract.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2014/09/Evans-Stavens2011_ITRSAbstract.pdf
https://www.ropelab.com.au/members-wrap-3-pull-2-with-a-thumb-knot/
https://www.ropelab.com.au/members-wrap-3-pull-2-with-a-thumb-knot/
http://www.conovers.org/ftp/Poison-Ivy.pdf
http://www.conovers.org/ftp/Poison-Ivy.pdf
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people to see that you’ve tied the knot correctly. From 
the friction around the tree, it also protects the knot 
from stress of the load, so makes it easier to untie after 
you’re done.

The illustration is tied with 30’ (10 m) of webbing and 
barely makes it around a small-to-medium tree. This 
anchor uses lots of webbing; you may need to tie two 
pieces together, but given what we know about where 
these anchors a break, the placement of the second knot 
is not a safety concern. The knot right above the anchor 
is protected from stress by the wraps around the tree, so 
it shouldn’t be too hard to untie. 

But if you’ve used another knot somewhere else in the 
wrap-3, pull-2? Then that knot will be highly stressed 
and hard to untie. Which is why, in that situation, it 
makes sense to use a figure 8 bend rather than a water 
knot.

Rigging a Static Line 

Let’s assume you want to rig a rope to a tree and cast it 
down a cliff or into a pit in a cave as a static line so that 
your can use it to rappel or ascend. (“Static line” is used 
in the rescue community; mountaineers call it a fixed 
rope.)

Static line in this context does not mean the same as 
static rope. A static line means a rope that is just hang-
ing there, as opposed to a rope that is moving up and 
down, as in lead climbing, or as in semi-tech evacs or 
vertical rescue. You can use a dynamic climbing rope as 
a static line, or your can use a static caving/rescue rope 
as a static line/fixed rope. Yes, it’s confusing. No, I’m not 
responsible for this terminology.

If you want to rig your rope (dynamic or static) as a 
static line, say for rappelling and ascending, and there 
is a good tree near the top of the cliff, a tree wrap is 
by far the best way to anchor the rope. The weekend 
prior to my writing this paragraph, I demonstrated a 
tree wrap anchor to some medical students from the 
Wilderness Medical Society Student Interest Section at 
the University of Pittsburgh Medical School. I’m their 
faculty advisor, and they’d wanted a class on knots, so 
we had them over to my house. Some of us Allegheny 
Mountain Rescue Group members ran the knots class. 
We also discussed rigging and anchors, and Powell, who 
is a nuclear engineer as well as long-time Mountain 
Rescue Association member, was drawing diagrams of 
the way logarithmic curves on Friends’ cams worked. 

We needed something simple and physical to let 
their brains rest a bit. We went outside, up to the top of 
my driveway, and I took a short rope and rigged it to 
a Japanese Maple there. It’s a small tree, only about 10’ 
high, and the trunk is about 10” (25 cm) in diameter. 

Anchor: Tree Wrap, official ASRC 1974 tie-off method
From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 

Anchor: Tree Wrap, official ASRC 1974 tie-off method, for 
center of rope (clove hitch and biner jam)

From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 

Tree Wrap Anchors, Tied Off with Figure 8 Loop and Carabiner
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I wrapped the end of the rope around the trunk four 
times, left the end hanging there without tying it off at 
all, and handed the other end of the rope to the stu-
dents. I dared them to, all pulling at once, pull it off the 
tree. Of course, the friction around the tree was so high 
that the rope didn’t budge, and neither did the tree. 
Great party trick, but it illustrates a great way to rig a 
static line to a tree: a tree wrap. 

The main advantage of the tree wrap is that it is as 
strong as the rope. There are no knots or carabiners 
to weaken your rigging. And it’s incredibly simple. 
“Nothing is foolproof, as fools are so ingenious” as 
Robert Heinlein reputedly said in The Man Who Sold 
the Moon, but a tree wrap anchor is pretty hard to get 
wrong. You could wrap it around a tree only once or 
twice and not have enough friction – more of a problem 
with small-diameter trees – or you could pick a long-
dead tree – but it takes talent to mess up a tree wrap.

Since they’re so high-strength, tree wraps are the 
preferred anchor for Tyrolean traverses (highlines). 

Another advantage of the tree wrap is that, if some-
one gets stuck on the rope, you can tie another rope to 
the upper end of the rigged rope, and then use the tree 
wrap and lower the person just like you do when lower-
ing a litter on a semi-tech evac. 

That’s why we wrap tree wraps up. It’s easier to get a 
knot around the tree if you wrapped up in the first place. 

The only real worry is that a squirrel might grab 
the end of the rope and unwind it from the tree. This 
sounds pretty far-fetched, and I think that the only 
reason we tie off the end is solely for psychological 
reassurance. It’s become common to clip the end of the 
rope to the loaded part of the rope with a carabiner in a 
small figure 8 loop on the end of the rope. I suspect this 
is because a lot of SAR teams keep a figure 8 loop in the 
end of their ropes and it’s convenient. Unless you only 

Series Tieback
Tensioned with simple mechanical advantage system. 

Public domain, National Park Service Technical Rescue Handbook.

Trucker’s Hitch
Used to tension a tieback; can use tree wraps on both ends to avoid having to use carabiners. Shown using 

an inline figure 8 knot, but a butterfly knot is appropriate for the loop as well. 
Public domain via National Park Service Technical Rescue Handbook
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use a couple of wraps around the tree, or it’s a small tree, 
it’s extremely unlikely that the figure 8 loop and cara-
biner will become loaded and impossible to get off. 

However, the official ASRC 1974 tie-offs, shown in 
Yorke Brown’s sketches, are slightly superior. If a taut-
line hitch or clove hitch becomes loaded, you may be 
able to slide it along the rope enough to get some slack 
and be able to untie the hitch; you might not be able 
to get a figure 8 loop and carabiner off the rope. But, 
it probably doesn’t matter. as long as you wrap around 
the tree enough times, and you’ve checked the area for 
homicidal squirrels. 

I have seen some people rig a static line to a tree 
using webbing slings and a pear-shaped locking D ring 

(pearabiner) with a Münter hitch. If someone gets stuck 
halfway down the rappel, it is certainly easy to lower 
the person using the Münter hitch. However, if you 
need to add another rope to the end of your static line 
to lower the person all the way to the bottom, which is 
not uncommon, it’s much, much easier to pass a knot 
around a tree wrap than through a Münter hitch. And 
controlling a tree wrap lower is just as easy is using a 
Münter hitch, it’s just a tree belay like we use on semi-
tech evacs. Unless it’s a tree with thin bark and you 
think a lower is likely, a tree wrap seems better. But if 
you are using anchors other than a tree, a Münter hitch 
might be a good idea. 
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Knots and Hitches 

 ▸ Basic terms:
 ▸ Running end (working end): free 
end used to tie knot 
 ▸ Standing part (or standing end): 
end that is not free
 ▸ Bight: rope bent in U shape
 ▸ Loop: bight twisted once
 ▸ Elbow: bight twisted twice
 ▸ Knots tighten under stress; 
hitches do not
 ▸ Bend: knot that joins two ropes

 ▸ Knots characterized by strength, 
security (from coming undone) 
and proneness to jamming.
 ▸ Some knots traditionally stron-
ger than others, but strengths 
vary with type of rope and in 
different tests; assume any knot 
reduces rope strength by half
 ▸ Dressing/contouring a knot 
may make it stronger and is 
recommended
 ▸ Half hitches:
 ▸ Not acceptable knot backup; 
overhand knots or barrel knots 
acceptable backups
 ▸ Used to tie off Radium Load-
Releasing Hitch

 ▸ Girth hitch used to: 
 ▸ Attach middle of long piece of 
webbing to bottom of litter for 
a tie-in
 ▸ Join two loops of pretied or 
sewed webbing
 ▸ Rig low-strength anchor on tree
 ▸ Clip into litter rail for steep 
semi-tech evac

 ▸ Clove hitch used:
 ▸ To rig yoke to the head of a 
litter
 ▸ For improvised rope stretcher

 ▸ Taut line hitch makes adjustable 
loops to stake out tent
 ▸ Overhand knot: 
 ▸ Standard backup for other 
knots
 ▸ Variant called Frost knot makes 

multiple custom-sized loops of 
webbing for rigging to multiple 
anchors

 ▸ Slipped overhand knot used to:
 ▸ Tie off rappel and lowering 
devices
 ▸ Finish a webbing Stokes litter 
tie-in

 ▸ Double fisherman’s knot used to 
tie loops of rope to make Prusik 
loops
 ▸ Water knot: 
 ▸ Used to tie webbing together 
into pretied loops (but double 
fisherman’s knot is better)
 ▸ Used to tie webbing together 
for wrap-3, pull-2 anchor rigging
 ▸ Tends to jam more than a figure 
8 bend
 ▸ Rope creeps through when 
loaded, especially when wet
 ▸ Always back up

 ▸ Square knot:
 ▸ Used as binder knot when need 
it to hold tension to finish tying
 ▸ Used for ASRC Seat Harness
 ▸ Surgeon’s knot variant used to 
tie webbing piggyback carry

 ▸ Figure 8 knot and variants:
 ▸ High-strength, secure, not 
prone to jamming
 ▸ Figure 8 loop refed ties belay 
rope into climber’s harness
 ▸ Figure 8 loop tied with a bight 
creates loop in end of rope
 ▸ Figure 8 bend ties two ropes 
together

 ▸ Prusik knot (Prusik loop) used: 
 ▸ To belay a litter
 ▸ As ascenders to ascend a static 
line
 ▸ For a safety lanyard (as Purcell 
Prusik Lanyard)
 ▸ To attach a litter bearer to litter 
rail
 ▸ To tie onto a safety line
 ▸ As a ratchet for a hauling 

system
 ▸ For other parts of hauling 
system.

 ▸ Bowline: 
 ▸ Not very secure knot
 ▸ Should only load two ways
 ▸ Cross-loading/triaxial loading 
(two loads pulling on loop may 
deform into slip knot
 ▸ Does not jam
 ▸ Easily-adjustable loop
 ▸ Slips less if running end on 
outside of the loop
 ▸ Can route running end back 
through knot: Yosemite finish
 ▸ Even with Yosemite finish, back 
up

 ▸ ASRC Seat Harness: 
 ▸ Tied from 20’ (6 m) of 1” tubu-
lar webbing
 ▸ Redundant: can cut any one 
place except attachment point 
in middle and still safe
 ▸ Comfortable if tightened
 ▸ Cheap and light

 ▸ Butterfly knot:
 ▸ Loop in middle of rope that can 
be stressed in any direction
 ▸ If any chance rope might be 
loaded while tying it, use twist-
twice method to tie

 ▸ Münter hitch: 
 ▸ Very good climbing belay and 
rappel device.
 ▸ Super Münter variant works as 
litter lowering device 
 ▸ Must ensure carabiner doesn’t 
overheat

 ▸ A Radium load-releasing hitch: 
 ▸ Goes between anchor and a haul 
or lowering system
 ▸ Lets you lower litter a few feet 
during a haul
 ▸ Serves as a shock absorber. 

 ▸ Parisian baudrier is only accept-
able chest harness tied from 
webbing

I m p o r t a n t  P o i n t s
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Knots are good, because we often have to tie things 
together. Knots are bad, because they weaken the rope 
or webbing. Knots are bad, because sometimes a knot 
will come untied. Knots are bad, because then can get 
jammed so tightly that you have to cut the knot instead 
of untying it. Knots are good or bad, depending on 
how you look at it, because there are so many. The 
1944 Ashley Book of Knots has more than 3800 entries. 
Don’t worry, we only need to know a few for search and 
rescue. One of the best places to learn to tie knots is the 
website animatedknots.com, which even has an anima-
tion of how to tie a Purcell Prusik rig. 

The same knots often have several names, even in a 
single language, and the same name may apply to dif-
ferent knots. Knots have been around for a long time, 
so none of these knots’ names are likely original.1 Even 
if you found an account of the knot on 5000 year old 
Sumerian or Akkadian clay tablets, the names there 
were probably not original, as ropes and knots were 
around long before there was written language. The 
names here reflect the most common English usage, 
informed by work ASTM Committee F-32 on Search 
and Rescue is doing to standardize knot names.

Knot Basics
 Field II 

To speak about knots, we have to first have some lan-
guage in common. 

The running end of a rope is the part that runs around 
and ties the actual knot. It’s the end that is left hang-
ing out when you’ve finished tying the knot. It’s also 
sometimes called the working end. It’s the part you have 
to tie off with a backup knot or someone will yell at 
you. When it’s hanging out of a knot, we call it the tail. 
Probably because someone with a good imagination 
thought that knots looked like cute little animals with 
tails.

The standing part of a rope is the end that leads away 
into some distant place. For example, assume you have 
one end of a rope wrapped around tree as an anchor. 
Assume further that you are tying a loop in the far end 
of the rope, the one you are going to throw over the cliff. 
The rope leading back to the tree-wrap is the standing 
part of the rope. 

A bight is a U-shaped bend in the rope. 
A loop is a bight that is twisted once. It’s a full circle 

formed by passing the running end over itself.

1 At the Monte Verde archeological site in coastal Chile, a wooden 
foundation stake had a rope with a square knot attached to it, dated to 
at least 12,500 years ago. Other archeological sites have revealed sheet 
bends, likely used to tie hunting nets. See Adavasio and Page, The First 
Americans.

An elbow is a bight that is twisted twice. It has two 
crossing points created by an extra twist in a loop. The 
only time that you need to create an elbow is when tying 
a butterfly knot. Well, one way of trying a butterfly knot, 
and probably the easiest and safest. If you are totally 
confused by elbows simply learn the other way to tie the 
butterfly. 

To get the good results of knots while minimizing the 
bad points of knots takes knowledge and practice. We 
will next consider knots in terms of their strength, their 
security, and their proneness to jamming.

Strength
 Field II 

Knots weaken a rope or webbing. The percentage a knot 
weakens the rope is a function of many things: the rope 
material, rope diameter, the specific test set-up, and 
perhaps ambient humidity and the phase of the moon. 

In some tests Tom Moyer and Chris Harmston did on 
knots in accessory cord and reported in 2000, a figure 
8 knot reduced the strength of 7 mm nylon kernmantle 
rope by only 6%, but the same knot in 5.5 mm Spectra/
Dyneema type cord decreased strength by 29-47% 
depending on the brand. 

So if anyone says: “Don’t use a bowline because it 
reduces the rope strength xx%!” you answer: 

Rope and Knot Terms; Working End = Running End
Via Wikimedia Commons, CC BY-SA 3.0, courtesy user SatSun. 

https://www.animatedknots.com/
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“For this test result you quote:
“I assume this was kernmantle 

rope? if so:
“Was this nylon 6, or nylon 

6,6? Or Dyneema or Spectra? 
What brand?

“What was the diameter of the 
rope?

“Was this a shock load or a 
constant load?

“What was the ambient 
humidity? Was the rope wet or 
dry?

“How old was the rope, and 
what kind of use has it had?

“Given the high variability 
of test results, I prefer to simply 
class knots as high-strength, 
intermediate-strength, and 
low-strength.”

The main thing that determines 
the strength of a knot is how sharp 
of a bend the standing part of the 
rope makes as at enters the knot. 
For instance, a bowline almost 
always breaks right where the 
standing part enters the knot.

In search and rescue, even just 
considering semi-tech evacs, we 
sometimes stress our systems 
pretty highly. And, though it’s 
not part of this chapter, technical 
rescues stress systems even more. 
So, compared with sport climbing 
and caving, we emphasize high-
strength rigging. We also empha-
size the use of high-strength knots.

Knots that traditionally reduce 
the strength of a standard search 
and rescue rope by about 20% 
(“high strength”) include:
 • Figure-Eight Bend
 • Figure-Eight Loop
 • Double-Fisherman’s Knot (Barrel 
Bend)

Knots that traditionally reduce 
the strength of a standard search 
and rescue rope by about half 
(“medium strength”) include:
 • Butterfly
 • Bowline
 • Water Knot

Knots that traditionally reduce the strength of a 
standard search and rescue rope by more than half (“low 
strength”) include: 
 • Square Knot
 • Slipped Overhand 
 • Surgeon’s Knot
 • Taut Line Hitch

The last three are not officially-required ASRC knots, 
but they are so useful for search and rescue that it makes 
sense to include them here. 

Why do we include low-strength knots? Because they 
are useful in certain situations, and there are no high-
strength knots for those situations. 

However, pull-testing of wet and dry and new and 
used ropes of different brands by Richard Delaney 
showed that the reduction in strength of a knot varied 
widely. Figure 8s were a bit stronger than bowlines, but 
his conclusion was that we should simplify this and 
assume that a knot (any knot, even a Figure 8) reduces 
the strength of the rope by about 50%.1

Security and Proneness to Jamming
 Field II 

In the setting of knots, security refers to how easily the 
knot comes untied when you don’t want it to. Proneness 
to jamming refers to how easily the knot comes untied 
when you do want it to.

Almost everyone likes the figure 8 knot, because: 
• It rarely comes untied when you don’t want it to: it’s 

secure 
• Even if you’ve had a rescue load on it, it’s generally 

not too hard to untie: not prone to jamming.
If you’re tying rope (or, after reading the story about 

water knots below, webbing) into runners, people like 
to use a double fisherman’s. It is a very secure knot; 
it basically never comes undone, so it’s quite secure. 
However, once you’ve put your body weight on it, you 
can almost never get it untied. But for a runner that you 
want to stay permanently tied? That’s where the double-
fisherman’s proneness to jamming is actually a plus. As 
a result, once a double-fisherman’s knot is tied and has 
has at least body weight on it once, it’s not going to 
come undone. Whether you want it to come undone or 
not. Therefore, a double fisherman’s knot is a knot that 
doesn’t need a backup knot; just leave a couple of inches 
of tail hanging out. 

Knots vary quite a bit in their security and proneness 
to jamming. 

1 https://www.ropelab.com.au/members-derating-for-knots/ 
(paywalled)

 

K n o t s  T h a t 
N e e d  a  B a c k u p

 · Half hitch (used to 
tie off Radium load-
releasing hitch)

 · Clove hitch
 · Water knot
 · Square knot
 · Figure 8 loop and 

bend
 · Bowline (and if 

Yosemite backup is 
used, that should 
be backed up with 
an overhand on the 
standing part of the 
rope)

Knots/Hitches That 

Don’t Need a Backup

 · Taut Line Hitch (not 
used for life-safety 
applications)

 · Girth Hitch
 · Overhand knot 

(is itself used as a 
backup)

 · Slipped overhand 
(though tail should be 
passed through bight 
to secure)

 · Barrel knot (used as 
a stopper knot or as a 
backup itself)

 · Double fisherman’s 
knot (if pulled tight 
and has at least an 
inch of tail sticking 
out)

 · Figure 8 knot (if used 
as a stopper knot)

 · Prusik knot
 · Butterfly knot

BAD: Half Hitch
Public domain via Project 

Gutenberg’s Knots, Bends, Splices, 
by J. Netherclift Jutsum

https://www.ropelab.com.au/members-derating-for-knots/
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We’re going to start with the hitches and low-strength 
knots first, as they’re the easiest to tie. 

Dressing/Contouring Knots
 Field II 

Neatness counts.
—my mother

A neat knot is a strong knot. Some simple knots – a 
square knot, a bowline – are neat as long as you’ve tied 
them correctly. Some others – the Figure 8 knot is a 
favorite example – can be tied neatly or not. 

If your figure 8 looks sloppy, you won’t get style 
points. And, it may well be a bit weaker. So how do you 
make it neater? 

You go through the knot, flipping the two ropes 
over, until you get something that looks like the picture 
Figure 8 Bend on page 114. You want to eliminate any 
twists. The two ropes should not cross over each other 
with respect to the center of the knot. We know that 
knots tend to break where the rope enters the knot and 
makes its first turn. And, when there is a twist in the two 
ropes, with one over the other with respect to the center 
of the knot, this concentrates force there, and makes the 
knot just a bit more likely to break there. For SAR, even 
though it’s mostly a problem with high-tension vertical 
rescues, that little bit of extra strength might make a dif-
ference, so we want our figure 8s contoured.

It’s also true that a contoured knot is easier to inspect. 
If it’s neat, it’s easy to tell with a glance that it’s tied 
correctly. If it’s sloppy, it’s a bit harder to tell that it’s 
tied correctly, if, indeed, you consider a non-contoured 
figure 8 “correct.” 

An Australian ropework site has a video1 on how to 
tie a Figure 8 Bend, a Double Fisherman’s Knot, and a 
Butterfly Knot properly and how to recognize when they 
are tied improperly. And “improperly” for the Figure 8 
Bend includes not contouring/dressing the knot. 

Half Hitches and Backup Knots
 Field III 
https://www.animatedknots.com/half-hitch-knot

Once upon a time, the Allegheny Mountain Rescue 
Group was training on the cliffs at McConnell’s Mill 
State Park. We were rigged for a vertical raise, and most 
members were at the bottom. We had the litter on the 

1 https://www.ropelab.com.au/knots-level-1-rope-access/

flat ground there, ready to load a mock patient, a rescue 
dummy. 

On the cliff a few feet to the south of us was an 
unrelated group getting ready to rappel. The first person 
started rappelling and the rope anchor tie-in at the top 
came untied and he went splat. (If only we had moved 
the litter over a bit he would have landed right in it…) 

We don’t know what kind of knot they tied at the top, 
but we can suspect it was backed up with a half-hitch, if 
backed up at all. He was injured (lumbar back fracture 
without cord compression), but not fatally. It was only 
a matter of a few minutes to load him in the litter, haul 
him up the cliff, and hand him off to the local EMS 
service.

A half-hitch is not a knot that most rope rescue 
training courses want you to know. It is not particularly 
useful in search and rescue. However, some people 
think a half hitch or two is a good way to back up a 
knot. It’s not, and you should not use it to back up a 
knot. However, you should know what it looks like just 
to avoid it. 

OK. Yes. Yes, you can use a half-hitch to initially tie 
off a load-releasing hitch, and it’s acceptable. But then 
you back it up with an overhand. 

Do I contradict myself? Very well, then I contradict 
myself, I am large, I contain multitudes. 

—Walt Whitman

Which brings up a point about terminology. For 
hundreds of years, knot experts have been pushing the 
idea of standard terminology: a hitch is something in 
one rope that is not self-tightening when loaded, a knot 
is something in one rope that is self-tightening when 
loaded, and a bend is something that can tie two ropes 
together, and is self tightening when loaded. 

Not unsurprisingly, given that even in English many 
knots have multiple names, and some English knot 
names apply to different knots, and some knottish 
things are called hitches and some hitchish things are 
called knots, and we won’t even consider other lan-
guages… as you can imagine, the purists have failed 
big-time. But the idea of classifying knots this way is 
useful, at least in a theoretical sense, as you’re learning 
knots and hitches.

And in particular, backing up a knot that’s going to 
hold your life with a hitch – one which won’t self-tighten 
when pulled on – seems quite stupid. You can instead 
back up the knot with an overhand or two, or even half 
of a double-fisherman’s knot (a barrel knot). When you 
see search and rescue people (or firemen, or any other 
rescue or climbing/caving types) backing up a knot with 
a half hitch, or even two half hitches, you should say 
“could you tell me more about your death-wish?”

https://www.animatedknots.com/half-hitch-knot
https://www.ropelab.com.au/knots-level-1-rope-access/
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Indeed, the standard at the very 
beginning of the ASRC was: back up 
all knots in rope with a barrel knot on 
either side, and all knots in webbing 
with two overhands on either side. 
Why two overhands in webbing 
instead of a barrel knot? In web-
bing, a barrel knot is a bit harder to 
inspect compared to two overhands. 

These days, most people in search 
and rescue feel that a single over-
hand is an adequate backup for 

any knot, in rope or in webbing, 
and there have been no reports 
of backup failures, so that early 
emphasis on barrel knots and two 
overhands was a bit overblown.
It has for decades been consid-

ered acceptable to not back up a 
double-fisherman’s knot in a loop 
of webbing or a Prusik rope loop, 
provided an inch or more of the tails 
are sticking out. This is such a secure 
knot, which is not known to creep 

under stress or when wet, that it’s 
an exception to the “always back 
up a knot” rule. 

Specif ic Knots and Hitches 

This section includes all the ASRC-
required knots and hitches, but 
also other ones that SAR people 
will find useful. 

Girth Hitch
(Strap Hitch, Bale Sling 
Hitch, Ring Hitch)
https://www.animatedknots.com/girth-hitch-knot 

Ashley Book of Knots #59: Bale Sling 

Hitch, Ring Hitch, or Tag Knot

You can use a girth hitch when 
rigging a runner to a tree, and 
specifically when you don’t want 
the rigging to slip up or down the 
tree. It’s good for quickly rigging 
to a tree when the extra strength of 
a modified basket hitch or wrap-3 
pull-2 isn’t needed. 

If you can’t figure out how to do 
it from the diagram then there is 

no point in continuing to try to learn how to tie any of 
the other knots here. 

A girth hitch is also good for connecting a sling or 
Purcell Prusik to a patient’s harness, direct to the web-
bing rather than to a carabiner, to connect the patient to 
the top and bottom of the litter.

And when you have two short webbing loop slings, 
either tied or sewn, a girth hitch is handy to make them 
into one longer webbing sling.

Clove Hitch 
 Field II 
https://www.animatedknots.com/clove-hitch-knot-half-hitches

https://www.animatedknots.com/clove-hitch-knot-rope-end

https://www.animatedknots.com/clove-hitch-knot-using-loops 

Ashley Book of Knots #56: Clove Hitch.

The clove hitch is a standard way to tie off a tree wrap, 
and it’s used for rope stretchers, so it’s included. And if 
you are using a 20 foot piece of webbing girth-hitched 
to a patient’s harness, and thence to the top and bottom 
of the litter rail, a clove hitch is handy when attaching to 
the rail. Also, you use it to rig a yoke at the head of the 
litter for many types of litters, to keep it from shifting 
back and forth.

Taut Line Hitch
(Midshipman’s Hitch)
https://www.animatedknots.com/midshipmans-hitch-knot 

Ashley Book of Knots: #62, Midshipman’s Hitch

You can use a taut line hitch to create an adjustable loop 
in the end of a rope. The classic use is for the tie-outs 
for your tent. I’ve tried a variety of those little hardware 
tent-line-adjusters, some of which even came with the 
tent. None of them are as good as a taut line hitch. 

A taut line hitch is a little like taking the end of the 
rope, looping it around, and tying a Prusik knot on 
itself. Yes, you can actually do this with a Prusik knot, 
and if you’re building a Purcell Prusik set, you do so. 

But for quick-and-dirty non-loadbearing use, such 
as for tent lines, the taut line hitch is great, is easier to 
tie, and the fact that it’s a bit asymmetric seems to make 
it grip better than a Prusik. The original ASRC way for 
finishing off a tree wrap anchor uses a taut line hitch. 

I’ve also see people use it to finish off the webbing 
tie-ins holding a patient in the litter. That’s fine if you 
want your tie-ins to completely immobilize your victim; 
it holds well on a taut line. But if, as advised earlier in 
this chapter, you want to give your patient some wiggle-
room and not make the victim of your over-eager tie-
ins, use a slipped overhand (discussed later) and leave 

Girth-Hitch as Anchor Sling
From ASRC Mountain Rescue 

Manual, copyright © 1983 
ASRC, used with permission.  

Clove Hitch
On blackthorn walking stick. 

Tautline Hitch on Tent Tieout

https://www.animatedknots.com/girth-hitch-knot
https://www.animatedknots.com/clove-hitch-knot-half-hitches
https://www.animatedknots.com/clove-hitch-knot-rope-end
https://www.animatedknots.com/clove-hitch-knot-using-loops
https://www.animatedknots.com/midshipmans-hitch-knot
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some slack in the tie-ins. If you use a taut line hitch on a 
line that’s not taut, it isn’t at all secure and will likely fall 
apart. 

Overhand Knot 
 Field III 
and Frost Knot
https://www.animatedknots.com/overhand-knot 

Ashley Book of Knots: #46 Overhand Knot, #515 Thumb Knot (as 

stopper knot), #1803 Noose Hitch or Farmer’s Hitch (as backup)

The overhand knot is the simplest knot you can tie. You 
twist a loop, and then stick the running end through the 
loop. 

Overhand knots are at least 12,50 year old. At the 
Monte Verde archeological site in coastal Chile, a Junco-
fiber rope was found tied around a wooden foundation 
stake, using an overhand knot.1

A simple overhand knot by itself is useless in search 
and rescue. However, as a backup to another knot, when 
tied in the running end around the standing part of the 
rope, it’s very useful. 

Let’s imagine you just tied a knot. And you are cold, 
exhausted, stressed-out, and distracted by lots of other 
things going on. (Sounds like many SAR operations, 
right?) Further, let’s imagine that you tied a garbage 
knot. A complete garbage knot that will fall apart as 
soon as there is any stress on it. 

But, because you were trained to back up all your 
knots, and you do this all the time, you backed up the 
knot with an overhand in each running end coming out 
of the garbage knot, tied around the standing part. 

In fact, if you had not tied a garbage knot but no knot 
at all, the two overhands by themselves form a (single) 
fisherman’s knot. So even if the garbage knot fails, 
you’ve got a fisherman’s knot holding you. This is a good 
argument for backing up your knots even when it’s a 
nice, sunny day: you want to get into the habit of back-
ing your knots up, all the time, so when you’re so tired 
you can’t even think, you will still follow your habits and 
back up your knots.

A fair number of climbers, cavers and even rescue 
people consider a knot adequately backed up with a 
single overhand on either side. In the early days, the 
ASRC was a bit paranoid about this, and used to prefer 
two overhands, or better, a single barrel knot (discussed 
later). The safety margin for this practice was mini-
mal, but the time and effort to accomplish it was also 
minimal. These days, most rope rescue training accepts 

1 Adovasio, J. and J. Page (2009). The first Americans: In pursuit of 
archaeology’s greatest mystery, Modern Library.

a single overhand backup on either side of a knot as 
adequate.

The Frost Knot is a variant of the overhand knot. Take 
a piece of webbing, and make it into a coil with two or 
more loops, with the free ends overlapping slightly. Tie 
an overhand knot in the entire coil, so that one side of 
the overhand makes a small multi-layer loop, and the 
other side makes a large multilayer loop. This can be 
used to rig multiple marginal anchors together to make 
a single better anchor. It’s easiest if you adjust the size 
of the loops of coil to the right size to reach the anchors 
before tying the knot.

Slipped Overhand and Barrel Knots
(Slippery Hitch, Halter Hitch. Mule Knot)
Ashley Book of Knots: #1804 Halter Hitch ( = Slipped Overhand), #1219 

Double Slip Knot ( = Double Slipped Upside Down Surgeon’s Knot)

The slipped overhand knot is not 
well-known in the climbing, cav-
ing or SAR communities, which 
is a shame. It’s one of my favorite 
knots. I’ve been teaching it for ~40 
years. There is a related knot called 
a double-slipped square knot. As 
described below, this is the standard 
way to tie your shoes. So if you can 
tie your shoes, you can tie this knot. 

It is a superior way to finish off a 
patient tie-in, whether with rope or 
webbing. It is also a superior method 
to tie off when on a rappel, as when 
you’re doing a “pick-off ”: rescuing 
someone hanging on a rope. It’s also 
a superior way to tie off a rack, fig-
ure 8 or other device for a semi-tech 
or technical lowering.

Why is it superior for these uses? 
First, it is a knot and not a hitch. 
That means that if it’s tensioned, it 
tightens rather than slips. Good if 
your or someone else’s life depends 
on it not slipping. Yet, even if it’s 
tight from being tensioned, you can 
always pull on the end to pull out 
the loop and pop it loose.

If you’re rappelling, and you want 
to secure your rappel device (tie off) 
with a slipped overhand, here is the 
sequence. If there is a way to jam the 
rappel device, such as drawing the 
rope across the top of a figure 8, do 
that first. If it’s a rappel rack, simply 

Overhand Knots
Public domain via Project 

Gutenberg’s Knots, Bends, Splices, 
by J. Netherclift Jutsum. 

Frost Knot
Tied to connect three 

anchors to provide a single 
anchor connection.

https://www.animatedknots.com/overhand-knot
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move your right (braking) hand up 
and pull the bars together. If it’s a 
Scarab,  wrap the rope around two of 
the horns.

Once your right (braking) hand 
is holding the braking portion of 
the rope above your rappel device, 
you then grab both ropes with your 
left hand: both the rope from which 
you’re hanging and the braking part 
of the rope that you’ve pulled up. 
You then use your right hand to tie 
the slipped overhand. There are two 

ways you can orient your slipped 
overhand. If you tie it with the 
bight coming out perpendicular to 
the standing line this is known as a 
halter hitch, for tying your horse’s 
halter to a hitching post, for quick 
release. However, it’s better to have 

the bight coming out up along the 
standing line. It’s easier to tie while 
you’re hanging on rappel, and a bit 
easier to untie when you’re on rap-
pel, because you pull down, rather 
than out, to release it. 

For additional security, you clip 
a carabiner through the bight of 
the slipped overhand and onto the 
tensioned rope from which you’re 
hanging. We call this a “biner jam.” 

If you’re using this to tie off the 
end of a tie-in on the litter, you can 
pass the end of the rope through 
the bight to secure it. 

If you’re tying off a rappel or 
a lower, and you don’t have a 
carabiner handy for a biner jam, 

you can pull the bight (loop) coming 
out of the slipped overhand, make 
it longer, and tie an overhand in the 
bight. This is a standard way to tie off 
a lowering device during technical 
rescue. This slipped-overhand-plus-
overhand-on-a-bight-method (if this 
were in German we could make this 
into one word) is also handy if you 
have a lot of rope beneath you; the 
weight of the rope keeps trying to 
pull out the bight from the slipped 

overhand, making it sometimes 
hard to get the biner out when 
you’re done. (In this case, it’s a 
biner “jam” for real.)

If you’re tying off a lower device, the same tech-
nique works as well, only you do it upside down. When 
concerned about shock loads, as in vertical rescue, you 
can take the bight and do a slipped half hitch first, then 
tie an overhand in the whole bight, around the stand-
ing part of the rope first, before adding your biner 
jam. With a Radium Load-Releasing Hitch (see Load-
Releasing Hitch on page 125), the “Münter Mule” is the 
name of a similar tie-off, we will cover this when we get 
to the Münter hitch. Nobody can tell me why it’s called 
a mule, there is nothing about this as a mule hitch in 
Ashley’s Book of Knots or elsewhere online.

You can do the same thing with a slipped barrel-knot 
backup. It’s relatively easy to tie, though not as easy as 
a slipped overhand. Like a slipped overhand, even if 
it’s been stressed, you should be able to get it untied by 
pulling on the running end, though it is considerably 
harder to untie this way than a slipped overhand.

If you’re tying someone into a litter for a steep or 
vertical evac, that’s a good time to consider the added 
security of a slipped barrel knot, especially if you don’t 
have the patient tied into the litter with a seat harness.

Double Fisherman’s Knot 
 Field III 
(Double Fisherman’s Bend, Barrel Bend, Grapevine)
https://www.animatedknots.com/double-fishermans-bend-knot 

Ashley Book of Knots: #1415 Grapevine Knot, Double English Knot.

When the double fisherman’s knot was first touted by 
Yvon Chouinard as a safer way to tie runners back 
around 1970, he was accused of picking a knot that used 
up lots of rope since he was selling rope. The knot cer-
tainly does use up a fair bit of rope. So if you’re going to 
cut some rope for a Prusik loop, remember to allow for 
a lot of rope in the double fisherman’s knot.

The double fisherman’s knot is one of the most secure 
knots around, though quite prone to jamming. Once 
it’s tied and been stressed with body weight a couple 
of times, it’s simply not going to come untied without 
major effort. Like a serrated knife or a pair of paramedic 
shears. 

In fact, it is so secure that it’s an exception to the rule 
about backing up knots. Yes, that’s right, you don’t need 
to back up a double fisherman’s knot. It is considered 
prudent to leave somewhat more than an inch of tail 
protruding from each side of the knot, in case the knot 
creeps a bit. But unlike the water knot, a double fisher-
man’s doesn’t seem to creep even when wet. 

A properly tied double fisherman’s has a character-
istic look that gives it the alternate name “grapevine 
knot.” To tie it properly and rapidly, it’s easiest to use 
the method shown in the pictures in Method for Tying a 

Slipped Overhand Knot 
Used to tie off a Münter hitch 
rappe or lower; secured with 

an overhand on a bight.

Slipped Overhand Knot 
Used to tie off rappel; 

secured with biner jam.

Slipped Overhand Knot 
Used to tie off Münter hitch 

rappel; shown loose for clarity, 
for real use should be snug 

against rappel device.

https://www.animatedknots.com/double-fishermans-bend-knot
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Double Fisherman’s Knot on page 109: tying the knot 
around your left index finger, wrapping back towards 
your hand. Then you pull out your finger and feed the 
rope through where your finger was, going the way your 
finger was pointing. You then flip the ropes 180° and do 
the same thing. This makes sure you have a nice sym-
metric knot. 

The double fisherman’s is also a high-strength knot. 
The main use for SAR is to tie Prusik loops. It’s also 
useful to tie your own runners from 1” tubular nylon 
webbing, though more and more people are using com-
mercial sewn runners instead. 

If you’re buying pre-sewn runners, it’s better to get 
nylon rather than Spectra, Dyneema, Technora or simi-
lar “high-strength” runners; that high strength may be 
somewhat of an illusion, the strength of those runners 
decreases rapidly with age and use, and they have poor 
energy absorption. 

As discussed in the section on the water knot just 
below, we recommend a double fisherman’s knot instead 
of a water knot for pre-tied webbing runners. However, 
we don’t recommend it for a wrap-3 pull-2 anchor. Why? 
If tied/rigged correctly, a wrap-3 pull-2 anchor should 
have no stress at all on the knot. However, even minor 
stress will make a double fisherman’s jam, whereas it’s 
much easier to untie a slightly-stressed water knot. 

Water Knot 
 Field III
(Overhand Bend, Overhand Follow-
Through, Ring Bend, Tape Knot)
https://www.animatedknots.com/water-knot 

Ashley Book of Knots: #1412: Ring Knot, Water Knot, Gut Knot

Also known as the tape knot, ring bend, grass knot, 
overhand bend and overhand follow-through, the water 
knot is a medium-strength knot long used to tie rope, 
but more often webbing. It’s a common way to tie a 
piece of webbing into a pre-tied loop, also known as a 
runner. 

Traditionally, we call these single-length runners and 
double-length runners. A single-length runner is big 
enough to slip over your head and one arm, so as to be 
able to clip carabiners and other equipment on it, so 
it all hangs conveniently at your side. A double-length 
runner is twice as long. (There are standard lengths 
from some manufacturers, but measuring based on your 
body size makes a lot more sense.)

To make a webbing loop with a water knot, you tie 
an overhand knot in one end of the webbing. Then, you 
feed the other end through this knot, backwards. 

If you feed it forwards, then you get the same thing 
as if you doubled the webbing tied an overhand knot Method for Tying a Double Fisherman’s Knot

Double Fisherman’s Knot
Public domain via Wikimedia Commons courtesy user LadyofHats

https://www.animatedknots.com/water-knot
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in the two ends at the same time. This is a very low-
strength knot. It is known as the one-sided overhand 
bend, offset overhand bend, flat overhand bend, thumb 
knot, thumb bend, creeler’s knot, and openhand knot. It 
is also known as the European Death Knot, so perhaps 
you should not use it. 

I’m not a fan of the water knot, even tied properly, for 
pre-tied loops. It’s OK for doing a quick “wrap-three-
pull-two” anchor, but it’s not a good knot for a pre-tied 
runner. Why? Because it fails.

Even though a water knot tends to jam so hard you 
can’t even untie it, it’s not that secure. It’s not inse-
cure in the usual sense that jiggling it will make it fall 
apart. Instead, as shown by Tom Moyer in some testing 
he presented at the International Technical Rescue 
Symposium in 1999, it slips.1 It doesn’t slip much under 
stress, but each time it’s stressed, it slips a little bit. 
And if you keep loading and unloading it, the tails slip 
through a little bit each time, until the end slips through 
and the runner fails. Some people recommend that if 
you tie your runners with a water knot, you leave 3” tails 
on either side and check them regularly for creep. This 
sounds really stupid. How about if you back it up with 
an overhand or barrel knot on either side? Tom’s testing 
shows this prevents creep and failure. So, tying a wrap-3 
pull-2 with a water knot and backing it up is OK. More 
or less. 

I had an interesting experience with a water knot 
once. This was in the early 1970s. I was at a campground 
in West Virginia for the Old-Timer’s Reunion (OTR), 
which is a humongous private long-weekend caver’s 

1 http://caves.org/section/vertical/nh/46/waterknot.html

get-together at an undisclosed location in West Virginia. 
I could tell you the location for OTR but then I would 
have to kill you. 

Anyway, I was checking a new caving harness for 
comfort. I went over to an unused swingset, girth-
hitched a pre-tied runner around the top of the swing-
set, clipped a biner into this, then clipped the biner into 
my new harness, and lifted up my legs. The harness 
was fairly comfortable, but I thought I might be able 
to figure out a way to modify it to make it even more 
comfortable, so I was sitting there for quite a while. It 
started raining, but it was warm, and the clothing I had 
on was muddy from caving and could do with a little 
rinse, so I figured I’d just sit there and keep fiddling with 
my harness. I looked up at the now-damp water knot in 
my runner. I suddenly became very frightened. Because 
I could see the webbing visibly creeping through the 
water knot just with my body weight on it. 

I immediately went to my vehicle and retied all of my 
runners with double-fisherman knots. The etymology of 
“water knot” is lost in the mists of antiquity, but to me 
it means “knot that comes untied under load when you 
apply water.” 

Square Knot (Bend) 
 Field III 
(Reef Knot) and Surgeon’s Knot (Bend)
https://www.animatedknots.com/square-knot 

https://www.animatedknots.com/shoelace-bow-knot-surgeons 

Ashley Book of Knots: #1402 Reef Knot, Square Knot

The square knot is the first knot we learn. As kids. A 
variant of the square knot, called a double-slipped 
square knot, is how we learn to tie our shoes. Tie your 
shoes (no Spectra or other pull-laces allowed). Do it 
right: under and over, and then over and under. (You 
were taught this as a kid, right?)

Now, grab the two loops and pull on them until the 
ends come through. You now have a square knot. And 
you will now have a devil of a time untying your shoes 
(sorry). 

But that does indicate why a slipped knot is good: it’s 
easier to untie, you just pull on the ends.

And it shows why, even though the square knot is not 
very strong, we use it to tie our boots: it’s a binder knot. 
When you tie that first twist and pull it tight, it stays 
tight while we finish off the knot with the two loops.

Here’s a useful variant. Next time you go out for 
dinner and have leftovers, and get one of those little 
plastic bags, start tying it like you’re tying your shoes, 
with a double-slipped square knot, only you should pull 
through just one of the loops. That longer end has a hole 
in it by which you can carry it, and when get home, you 

Water Knot
Public domain via Project Gutenberg’s Knots, Bends, Splices, by J. Netherclift Jutsum. 

http://caves.org/section/vertical/nh/46/waterknot.html
https://www.animatedknots.com/square-knot
https://www.animatedknots.com/shoelace-bow-knot-surgeons
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can just pull the shorter end to untie the knot. Clever 
trick we learned from Frank, the owner of the Little 
Tokyo Japanese restaurant we have been going to for 
>20 years.1

There is a possibility that you tried to do what it 
said and you ended up with a granny knot instead of 
a square knot. (A granny knot is tied over and under, 
and then again over and under.) A granny knot is justly 
despised, as it’s neither strong nor secure, but in this 
particular case, it might make it a bit easier to untie 
your shoes.

There is a really cool variant called the thief knot or 
thieves’ knot. The running ends come out on opposite 
sides of the knot. Clever party trick: tie a thieve’s knot 
in a bit of flexible slippery newish climbing rope or 
something similar. Leave it a bit loose. Hold the knot 
so that the running ends are hidden in your hands. 
Show it around. Ask people what kind of knot it is. (If 
you’re lucky, nobody screams out “THIEVES’ KNOT!”) 
Regardless, hand the one of the standing ends to some-
one then pull quickly on the other standing end. The 
knot immediately unravels and everyone looks shocked. 
Then you show the difference between a thieve’s knot 
and a square knot and everyone goes “ooh, cool.” If you 
really want to do a bad job of tying a square knot, see 
the diagram of the “grief ” knot: a combination of the 
granny and thief knots.

There is a variation of the square knot called a sur-
geon’s knot. Whenever I’m sewing up someone’s skin 
(which I do all the time, it’s part of my day job), I use 
it. With the old braided silk sutures, you could just use 
a square knot and then back it up with another square 
knot on top. But braided suture is more likely to get 
infected, so for sewing up the skin, we now tend to use 
monofilament fishing line. Or something that is so simi-
lar as to make no difference. 

And the trouble with this monofilament suture is that 
it’s hard to tie. It’s stiff, sort of like tying a knot in steel 
wire. And that first twist of the square knot that’s sup-
posed to bind the wound closed? Well, if you do it with 
monofilament suture, it doesn’t work. It doesn’t bind. It 
just pops open. So what you do is, for that first part of 
the square knot, you just insert a second twist (see the 
diagram). If that doesn’t work, you put in a third twist. I 
find that two twists almost always works for me.

So, if you don’t want to know how to sew up lacera-
tions, why am I teaching you this? Well, it’s a good thing 
to know how to put an extra twist in a square knot if 
you can’t get it to bind with a single twist. An excellent 

1 It also works on those similar and terrible plastic grocery bags. If you 
live an area with those grocery bags, though, I recommend you buy 
~8 reusable canvas grocery bags and keep them in your car, so you 
always have them when you stop by the grocery store. One of the best 
purchases I’ve ever made. 

application of this is when you’re tying somebody on 
your back with the piggyback carry discussed earlier. I 
find it takes two or three twists to get this to bind on my 
belly when I’m trying to get someone firmly attached to 
my back. You can also use it instead of a square knot on 
your ASRC harness if your webbing is new and slippery 
and won’t hold with a single twist. 

Another application of this surgeon’s knot principle 
is what we shall call the “upside down double-slipped 
surgeon’s knot” and Ashley’s Book of Knots calls Double 
Slip Knot (#1219). 

Have you ever been out on a climb or a SAR task, 
with your gaiters on, and had your boots come untied 
under your gaiters? Have you ever gotten in to a cold-
weather camp, and found your fingers were too cold, 
numb and clumsy to get your boots untied from that 
#$%%$!* double knot you tied in the loops? Well, some-
one who works at an REI store once showed me how 
to eliminate both those problems with an upside-down 
double-slipped surgeon’s knot. Well, actually he just said 
“Hey, let me show you a cool way to tie your bootlaces!”

It’s easy in principle but takes a little practice. 
Actually, it’s quite hard to learn, but more than worth 
the effort. You know how with a surgeon’s knot you add 
an extra twist? Well, you start tying your bootlaces just 
like normal, with a single twist. But when you start tying 
the loops, you add an extra twist. That’s it. This will stay 
tied all day. And you can still just pull on the ends to 
untie your boots.

It took me a couple of weeks to learn how to do this 
reliably. The text below tries to describe what you do 
that makes this work reliably. It may or may not help 
you learn how to do this faster, but here goes. Look at 
the pictures in Double-Slipped Upside Down Surgeon’s 
Knot on page 112.

As you tie your boots, you get to a stage where the 
first twist is done and you’re tying the two loops. 

You have a loop between your right index finger and 
thumb. You then bend this loop to the left, and flip the 
other end over this loop away from you, You then use 
your left index finger to push that end up through the 
center of the knot towards you to form the second loop. 
After you’ve pushed just a little loop through, you then 
stick your left thumb into this loop and pull it out just 
a bit more. Your left thumb then pushes this over the 
top of the knot, away from you. And then my left index 
finger pushes it through the center of the knot towards 
you again. At this point, my hands grasp the two loops 
and then pull them taut. Easier done than said. 

The animatedknots.com version has you doing two 
twists the first time as well as the second time; I’ve 
found that two twists the first time are not needed and 
just uses up some of your bootlaces.
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Good: Square Knot

Bad: Granny Knot

Worse: Thieves’ Knot

Terrible: Grief Knot

Surgeon’s Knot
All public domain via Wikimedia Commons, courtesy user CountingPine

Double-Slipped Upside Down Surgeon’s Knot
A better way to tie your boots.
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After all this talk of square knots and their variants, 
let me give the best example of where such a knot is use-
ful: the ASRC Seat Harness. There are a variety of ways 
to tie 1” webbing into a seat harness, and the ASRC way 
is arguably the best. With any tied seat harness, loose is 
bad and tight is good. A loose harness slips and binds, 
putting lots of pressure on certain areas = pain. A tight 
harness distributes your weight across the harness bet-
ter. So how do you get it tight? As with your bootlaces, 
a binder knot. And the square knot is arguably the best 
binder knot.

Figure 8 Knot, Loop and Bend 
 Field II 
(Figure of 8 Knot, Flemish Bend, Retraced Figure 
8, Rewoven Figure 8, Figure 8 Follow-Through)
https://www.animatedknots.com/figure-8-knot

https://www.animatedknots.com/figure-8-follow-through-loop-knot

https://www.animatedknots.com/figure-8-bend-knot 

https://www.ropelab.com.au/the-fabulous-figure-of-8-knot/ (dressing/

contouring) 

Ashley Book of Knots: #1411 Flemish Bend, Figure-Eight Bend

The Figure 8 Bend is one of the best ways to tie two 
ropes together. It’s strong. It’s secure. It’s not very prone 
to jamming. So what’s the downside? Learning to tie it 
is hard. But not that hard, which is why this knot and 
its variants are used all the time in climbing, caving and 
SAR. 

Tying a simple figure 8 is easy. Take a bight of rope. 
Twist it once to form a loop; continue twisting the same 
direction another 180° to form an elbow. (Yes, I said the 
only time you need to form an elbow was for a butterfly. 
So I was wrong.) Stick the running end through the 
loop.

Figure 8 Loop: Standing end (load end) to far side (outside) or inside 

Copyrighted material, used with permission, courtesy Richard Delaney, https://www.ropelab.com.au/ 

 

R i g h t  a n d  W r o n g  W a y  t o  C o n t o u r / D r e s s ?

With a Figure 8 Bend, or any other Figure 8 variant, you can tie and con-
tour it two ways: the with standing end (load end) going to the far side 
of the knot on the outside, or with the standing end (load end) going to 
the far side of the knot on the inside. See the picture. Flipping the two 
ropes over and then pushing this twist all the way through the knot will 
convert one to the other.

The traditional teaching is that make the knot slightly stronger by “mak-
ing the standing end go to the far outside of the knot.” Let me explain. 
You now know that knots break where the rope enters the knot and first 
turns. And the tighter this turn, the weaker the knot. So if you contour 
your figure 8 so that the standing ends enter the knot, then go right into 
the center where they make a tight turn over each other, you’re creating 
a weak spot right there. But if you then twist the ropes once, and then 
push this twist all the way through the knot, the standing ends go to 
the far outside of the knot. The radius of curvature is less, so the knot is 
stronger. You can think of the running ends of the knot providing pad-
ding inside the knot for the standing ends. One book on vertical rescue 
says “This simple change to the order of the ropes can take up to 10% 
off the knot strength, though in tests it can be difficult to prove this reli-
ably. A backwards Figure-8 [standing ends to the far outside] is also far 
harder to untie after loading.”1

However, Richard Delaney did some limited pull tests with “right” and 
“wrong” figure 8 loops, and found that those that were tied the “right” 
way – standing ends to the far outside – were actually harder to untie.2

Trick: teach someone how to contour a Figure 8 Bend in rope and to get 
the standing ends to the outside. Then give them two pieces of web-
bing and ask them to do the same thing. Watch as they keep twisting 
the webbing over, and over, and over. It’s impossible to both contour a 
Figure 8 Bend in webbing and get the standing ends to the outside. Just 
can’t be done, unless you can twist it through a couple of extra dimen-
sions like a Klein Bottle.3  

1 This comes from Merchant, D. (2007). Life on a Line, Second Edition. 

2 See: https://igkt.net/sm/index.php?topic=5313.0 and https://www.ropelab.com.au/
right-and-wrong-figure-of-8-knot/ which is paywalled; inside the paywall, it only tests 
for how easy or hard it is to untie after being stressed, not strength.

3 https://en.wikipedia.org/wiki/Klein_bottle

Figure 8 Bend
Start with Figure 8 Knot as above, then feed the other 

rope through in the opposite direction.
Public domain via Project Gutenberg’s Knots, Bends, Splices, by J. Netherclift Jutsum. 

https://www.animatedknots.com/figure-8-knot
https://www.animatedknots.com/figure-8-follow-through-loop-knot
https://www.animatedknots.com/figure-8-bend-knot
https://www.ropelab.com.au/the-fabulous-figure-of-8-knot/
https://www.ropelab.com.au/
https://igkt.net/sm/index.php?topic=5313.0
https://www.ropelab.com.au/right-and-wrong-figure-of-8-knot/
https://www.ropelab.com.au/right-and-wrong-figure-of-8-knot/
https://en.wikipedia.org/wiki/Klein_bottle
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Figure 8 Bend
Top: not contoured, note strands crossing at top (good)

Middle: contoured (better)
Bottom: standing ends to the far outside (best?)

Shown loose and without backups for clarity. 
Should be tight and backed up. 

Figure 8 Loop for Climbing Harness Tie-in 
Should be backed up.

Courtesy New Mexico Climbing Club, used with permission

 

P r a c t i c e - C h a n g i n g ?  B a c k u p 
f o r  F i g u r e  8  K n o t s

How much a knot needs a backup depends on the knot and 
how well it is tied. Richard Delaney did some pull testing on 
properly-tied Figure 8 loops and found that even if the tail 
(the shorter rope coming out of the knot) was almost nonex-
istent, the tail never crept through the knot. See https://www.
ropelab.com.au/members-fig8-tail-length/ (paywalled).

For rescue rigging, though, most people will still want to back 
up their Figure 8 loops with an overhand knot. Nobody wants 
to be the one case report that “points up the need for more 
testing in more realistic conditions.” And one of the reasons 
of a backup is in case, under stressful field conditions, the 
knot was not tied quite right, and for which the person who 
double-checked them missed the incorrectly-tied knot. (This 
is a good time to put in a recommendation that you read the 
chapter on Leadership and Followership, especially the part 
where we talk about the Swiss cheese model of error preven-
tion.) Or that you really do need a backup in newer, more 
slippery ropes. Or that the end doesn’t creep through with 
slow pull-testing, but it does with shock-loading.

I run into the same problem in medicine. If a single study 
shows that something we’ve been doing doesn’t work, or 
isn’t needed, should you change your practice? Most physi-
cians won’t change their practice based on a signle study, 
no matter how well done it was. It takes three or maybe four 
good studies to persuade physicians to change their practice. 

A good example is a condition known as diverticulitis: a 
bubble-like outpouching on the colon that some people 
develop, and that sometimes gets infected. The traditional 
teaching is that for uncomplicated diverticulitis, you should 
prescribe two oral antibiotics to cover the bacterial species 
most often found in infected diverticuli. We’ve been doing 
that for many decades. It’s now taken four or five studies to 
finally get physicians to even consider stopping antibiotics for 
at least mild uncomplicated diverticulitis. See: http://www.
conovers.org/ftp/NOTEBOOK/DIVERTIC.pdf.

https://www.ropelab.com.au/members-fig8-tail-length/
https://www.ropelab.com.au/members-fig8-tail-length/
http://www.conovers.org/ftp/NOTEBOOK/DIVERTIC.pdf
http://www.conovers.org/ftp/NOTEBOOK/DIVERTIC.pdf
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A simple figure 8 in a rope is not particularly useful. 
But once you’ve got this knot in the rope, and enough 
length of running end, you can loop it through the 
attachment point of your seat harness, then feed it back 
through the figure 8, and finish off with a barrel knot. 
This is the standard way to tie into your harness for 
climbing. 

It’s easier to tie a figure 8 loop in the end of a rope. 
Simply make a bight (leave it long enough for a backup; 
at least 2’ for a small loop for a carabiner attachment) 
and tie a figure 8 in the bight and then back it up. 

A figure 8 bend, to tie two ropes together, is tied just 
like you tie a figure 8 loop to tie into your climbing har-
ness, except that you’re using it to tie two ropes together.

Prusik Knot 
 Field III 
(Triple Larksfoot, Prusik Hitch); also Hedden 
(Kreutzklem) Knot and Klemheist Knot (Kleimheist 
Hitch, Machard Knot, French Prusik)
https://www.animatedknots.com/prusik-knot

https://www.animatedknots.com/klemheist-knot

It’s great to see people experiencing a Prusik knot for 
the first time. I had some medical students over once for 
that knots class I mentioned before. Most had not expe-
rienced a Prusik before. The idea that you could tie this 
on a rope, slide it up easily, and then hang your body 
weight on it just seems magical. The students watched, 
amazed, as Ben McCandless of Allegheny Mountain 
Rescue Group used his Purcell Prusiks to ascend a rope 
hanging in my 2.5-story-high Great Room. (Yes, I have a 
rope rigged in my house. Are you surprised?)

Mechanical ascenders don’t seem nearly as magical, 
even if they’re much faster.

Kudos to Karl Prusik, professor of music at the 
Imperial Academy of Music and the Performing Arts in 
Vienna (since 1998, University of Music and Performing 
Arts Vienna), who served twice as president of the 
Osterreichischer Alpenklub (Austrian Alpine Club). He 
developed this knot during World War I to fix strings 

How to Tie a Prusik 
Do it like so the knot is always in the right place.

Three-Wrap Prusik
Finished and tightened, with Prusik loop double-fisherman’s knot in proper position. 

This Prusik is almost the same size as the rope; smaller size 
Prusik cord compared to the rope grips better.

1. Girth Hitch
2. Two-Wrap Prusik

From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 

https://www.animatedknots.com/prusik-knot
https://www.animatedknots.com/klemheist-knot
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on musical instruments, and published it as a rope-
climbing technique in the newsletter of the Austrian 
Alpine Club in 1931.1 It is likely that this knot has been 
used prior to Prusik, but he certainly introduced it to 
climbing. Since it’s named after him, it should always be 
capitalized. And it’s not “prussik” or “prussic.” And there 
is no umlaut (Ü) on the u.

Prusik was an expert in the music of Silvius Leopold 
Weiss, who during his life, was more famous than 
Johann Sebastian Bach, and with whom he used to jam. 
(Think “dueling banjos”; they used to have contests to 
see who could come up with the best variations on a 
tune.) If you like the music of Bach, you’ll doubtless 
like the many lute sonatas of Weiss. (Sorry, I can’t help 
myself, one of my degrees is in music.)  

The usual way to use a Prusik knot in SAR is to have 
a loop of nylon kernmantle rope – usually a millimeter 
or so smaller than the mainline onto which you’re going 

to place it. For your Prusik loop, you 
don’t want to use too small of a rope, 
then it wouldn’t be strong enough. 
And you don’t want to use too big 
of a rope, as then it won’t grip the 
mainline very well. 

For tree-climbing, for sailing, for 
construction and for other trades, 
there are a great variety of variants 
similar to the Prusik knot. We have 
already discussed the taut-line hitch. 

There are three Prusik versions 
you should know: the Girth Hitch, 
the two-loop Prusik and the three-
loop Prusik. 

The girth hitch we covered as a 
way to rig a runner to a tree for an 
anchor. You can also do it around 
a mainline rope, but I’m not sure 

why, as it won’t grip the mainline 
rope, it’ll slide. 

But if you wrap it around another 
time, you end up with a two-wrap 
Prusik, which, depending on what 
you’re using as a mainline and for 
your Prusik loop, may work well to 
hold you while ascending a rope. 
Indeed, those who routinely use 
Prusiks as ascenders prefer a two-
knot Prusik, as it’s easier to get loose 
from the mainline over and over as 
you ascend the rope. If you’re using 
a Prusik as a handle to pull on while 

1 Deutscher un Osterreichischer 
Alpenverein: Alpines Handbuch. Leipzig 
1931, Vol. II, pg 113.

hauling on a haul line, a two-wrap Prusik is best, again 
as it’s easier to break loose and slip up the rope, and it 
holds well enough for this use. 

If you wrap it around the rope three times, you get a 
three-wrap Prusik, which is preferred for SAR. It’s a bit 
more difficult to get loose than a two-wrap Prusik, but 
it’s stronger in that it’s less likely to slip under load, par-
ticularly shock loads. For a ratchet or “progress capture 
device” for hauling up a litter, for mechanical-advantage 
pulley systems such as a Z-haul, or for belaying a litter 
on a vertical rescue, three-wrap Prusiks are the stan-
dard, and rightfully so. They are stronger than almost 
any mechanical ascender. 

In some situations, particularly belays, we use tandem 
Prusiks: two Prusiks, with slightly different loop lengths, 
so they sit easily on the mainline next to each other. 

A sidebar on terminology. We used to call a Prusik at 
the anchor of a mechanical-advantage hauling system a 
“ratchet.” It’s short, and has an accepted definition you 
can find in any dictionary. But then some tech-rescue 
types decided that “ratchet” wasn’t quite precisely the 
right term, so changed the name to “progress capture 
device.” That certainly is a bit more specific, but also 
certainly doesn’t roll trippingly off the tongue. So then 
people started shortening this to a TLA (three-letter 
acronym): PCD. And people started talking about, not 
ratchets, but PCDs. And those new to rescue training 
were totally bewildered by this new term, which now, by 
being shortened, completely defeats the original intent. 
Call it a “ratchet Prusik” to avoid confusing people. You 
won’t sound as fashionable, but the new people will 
appreciate your clarity. 

Once upon a time, my family went to Acadia National 
Park to spend a week hiking. We stayed in a bed and 
breakfast. To my surprise (not my wife’s, she found the 
place and knew this a head of time), the husband of the 
couple who owned the bed and breakfast was one of the 
NPS Rangers there. So he and I spent some evenings 
swapping SAR stories and tricks. One he taught me was 
a quick-and-easy way to make sure you always get the 
Prusik loop’s double fisherman’s knot in the right place. 

You don’t want the double fisherman’s knot in the 
Prusik where it turns around the mainline, because then 
the Prusik won’t grip. You don’t want the double fisher-
man’s knot at the very bottom of the Prusik loop, as then 
your carabiner will be right on the knot. You want it a 
little offset from the bottom of the Prusik loop. 

See the picture How to Tie a Prusik on page 115.
Grab the Prusik loop’s double fisherman’s knot in 

your right hand. Take the part of the loop hanging 
beneath your hand, and pull up a bight just big enough 
to fit in your palm, and place it beside the double 
fisherman’s knot in your palm. Now, when you tie the 
Prusik loop onto the mainline, pass this bundle of 

Hedden Knot
Ascender knot for webbing.

Upside Down Hedden Knot 
(Klemheist Knot)
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knot-and-rope around the mainline and through the 
loop to tie the Prusik knot. This should keep the knot 
just a bit off center near the bottom of the Prusik loop. 

There are many knots similar to the Prusik knot for 
gripping a rope or cylindrical object. The generic term 
for these is friction hitch. In French, the generic term 
for such knots is noeud autobloquant. From this, some 
tend to call friction knots autoblocks (or autoblocs) in 
English; others reserve the term autoblock for a par-
ticular type of friction hitch, but nobody seems to agree 
which one. Some recommend using a Prusik or similar 
knot for a safety during a rappel, which is discussed fur-
ther in the section on belaying. The ideal knot for this 
is a knot that will grip as soon as you lose control of the 
rappel, but that once you’ve got your weight on it, you 
can press down on the top of the knot and break it free 
of the main rope. None of the knots that have been tried 
for this, some of which people refer to in English as 
an “autobloc,” have proved satisfactory. Either they fail 
when tested as a rappel safety, or you can’t break them 
loose once your weight is on them. 

 There are quite a few such knots, just as there are 
many variants of the basic Prusik, for example, the 
Bachmann knot, where you tie your Prusik around a 
carabiner as well as the mainline. Why? It holds pretty 
well, and it’s easier to loosen and move up the rope 
while ascending. If you’re really interested, find the 
out-of-print book by Bob Thrun, an old friend of mine, 
called Prusiking. It’s chock-full of such knots.

What if you desperately need a Prusik, but you don’t 
have a Prusik loop or any spare rope from which to 
fashion one? Can you make a Prusik out of a webbing 
runner? You can, but it won’t hold on the rope, and it’s 
very, very ugly.

However, there is a knot that you can use that serves 
the purpose that will work with a webbing runner. 
The best ascender knot in webbing is the Hedden knot 
(Kreutzklem knot1). It’s incredible easy to tie, and very 
hard to tie wrong. In fact, if you get it upside down, it’s 
a Klemheist knot which is almost as good, though a 
Klemheist often takes another wrap or two to hold on 
the rope. I have ascended a couple of times with web-
bing Hedden knots and they worked almost as well as 
Prusiks, though a bit harder to loosen. Chet Hedden 
developed this knot back around 1959. The Klemheist 
is more popular these days, but it’s not quite as good as 
the Hedden knot. The animatedknots.com page says the 
Klemheist only works one way on the rope, but that’s 
just not true. 

All SAR team members, climbers and vertical cavers 
should know this as an emergency backup technique.

1 A German by that name showed Chet Hedden’s knot in Europe, and 
his name stuck to it there. 

See the pictures Hedden Knot on page 116 and 
Upside Down Hedden Knot on page 116.

You offset the knot (or sewed splice) of the runner as 
described above. You then take the other end of the run-
ner, and hold it next to the mainline with the loop of the 
other end sticking out to one side of the mainline. You 
then loop the webbing, neatly, around the mainline, spi-
raling upwards, two or three turns. (With rope, you only 
need two turns, but with webbing, you may need three.) 
You then take the end of the runner with the knot, and 
stick through that little loop at the top, and pull down to 
set. I’ve ascended a 100’ free drop using this knot, and 
though it’s not as easy as with a rope Prusik, it’s not bad 
at all. 

One important point with the Hedden (or Klemheist) 
knot: when you have wrapped the Prusik or sling 
around the rope, you want to stick the long end through 
the short end from inside to outside. Going from outside 
to inside will cause the knot to bind; it’ll be hard to get 
it loose to move it up the rope. (See the green arrows in 
the diagram.)

We will discuss how to use ascender knots along with 
other hardware and slings to create an actual ascending 
system in Ascending Systems on page 190. 

Bowline 
 Field III 
and variants
https://www.animatedknots.com/bowline-knot

https://www.animatedknots.com/bowline-on-a-bight-knot

https://www.animatedknots.com/one-handed-bowline-knot 

Ashley Book of Knots: #1010 Bowline, Bowling, Bowlin Knot, Bowling’s Knot.

For many people, the bowline is first knot they learn 
after learning how to tie their shoes. Over the decades, 
there have been regular arguments over whether ASRC 
members really need to know how to tie a bowline. 
After all, a figure 8 can do anything a bowline can do, 
and is stronger, right? But always there is just enough 
sentiment to leave it in, and it is much easier to adjust 
the size of a bowline loop. 

Some of this may just be tradition; after all, before 
there were climbing harnesses, we used to tie a bowline-
on-a-coil around our waists with the end of the rope 
for a belay. Indeed, the bowline-on-a-coil used to be 
required for ASRC members. 

Alas, like some languages now spoken only by a 
few elderly people in some remote village, this clever 
method to tie a bowline-on-a-coil is heading for the 
ash-heap of history. Why? Because a bowline-on-a-coil 
is a perfectly sucky way to tie yourself into a belay line. 

I’ve been an emergency physician at a Level I Trauma 
Center for about 35 years. So I know that the most 

https://www.animatedknots.com/bowline-knot
https://www.animatedknots.com/bowline-on-a-bight-knot
https://www.animatedknots.com/one-handed-bowline-knot


118  8: Nontechnical and Semi-Technical Evacs

Knots and Hitches        Knot Basics        Bowline  

commonly-injured organs in the 
abdomen are your liver (right 
upper quadrant) and your spleen 
(left upper quadrant). Blunt 
trauma to the upper abdomen 
commonly causes lacerations 
in these organs. And, it’s easy to 
bleed to death into your abdomen 
(“internal bleeding”) from such 
lacerations. And falling and being 
caught by a bowline-on-a-coil 
around your waist is a just perfect 
mechanism for lacerating these 
two solid organs.

There are different ways to teach 
how to tie a bowline. The classic 
way is to twist the rope to form a 
loop, and then “the rabbit comes 
out of the hole, runs around the 
tree, and goes back into the hole.” 
The caver’s variant is “the rabbit 
goes in the hole, around the root, 
and then back out the hole.” The 
trouble with these methods is that 
there are two ways to twist the rope 
to create the loop (“hole”), and 
these methods only work if you’ve 
twisted the loop the right way. Or 
looking at it another way, your rab-
bit has to figure out which way is 
out and which way is in.

 To avoid this problem: look at 
the loop you’ve just twisted. One 
side has the running end on top, 
and if you look at the other side, 
it has the standing end on top. 
Take the running end, and stick it 
through the standing end side of the 
loop, around the standing end, and 
then back through the loop the way 
it came. This will work whether 
your initial twist to form the loop 
is to the right, or to the left.

Regardless of how you choose 
to remember how to tie a bow-
line, it is traditional to go around 
the standing part of the rope (the 
“tree” or “root”) from the outside 
to the inside, so that the running 
end comes out on the inside of 
the large loop you just formed. If 
your running end comes out on 
the outside of the big loop, others 

will correct you and think you are некультурный. And 
perhaps the knot is a bit weaker. 

Having the running end come out on the outside of 
the loop is often called a left-hand or left-handed bow-
line, also known as a cowboy bowline, Dutch marine 
bowline or winter bowline.

If you stress a bowline loop from two directions, as 
when two carabiners are clipped into the loop pulling in 
two directions – called ring loading or cross-loading – it 
is absurdly easy for a bowline to turn into a slipknot.

Having the running end come out on the outside of 
the loop, at least with some pulltesting done by Richard 
Delaney and graphically shown in his videos, is less 
likely to deform and come untied.1 Based on this one 
piece of evidence, which is fairly persuasive, you can 
argue that having the running end come out on the 
outside is best. 

It is traditional to backup a bowline with a square 
knot on the large loop, right where the running end 
comes out of the knot. There is a variant called a 
Yosemite backup where you take the running end and 
feed it up through the knot next to the standing part, 
and then backup with a square knot or barrel knot on 
the standing part. This works OK, but there isn’t much 
if any advantage to it. And if you loop the running end 
through the knot wrong you untie the knot instead of 
backing it up. So back it up on the loop instead. And 
it’s hard for people to inspect a bowline with a Yosemite 
backup to make sure the knot looks OK. So, even if you 
like the Yosemite backup for personal use, backup on 
the main loop for SAR. 

If you absolutely need to tie someone into the end of 
a rope and there is no alternative to using the rope, don’t 
use a bowline-on-a-coil around the waist, instead use 
a triple-loop bowline. It’s a plain old bowline tied with 
a long, long bight instead of the end of the rope. The 

1 https://www.ropelab.com.au/members-litter-bridles/

Yosemite Finish for Bowline
Backup with overhand or barrel knot on standing part of rope. 

Copyrighted material, used with permission, courtesy 
Richard Delaney, https://www.ropelab.com.au/ 

Tying a Bowline
Running end goes through loop 
from standing end side of loop, 
around standing end, then back 
through the loop on the inside. 

Public domain via Project 
Gutenberg’s Knots, Bends, Splices, 

by J. Netherclift Jutsum

Bowline. Tighten and back up 
with overhand or barrel knot. 

Public domain via Project 
Gutenberg’s Knots, Bends, 

Splices, by J. Netherclift Jutsum

https://www.ropelab.com.au/members-litter-bridles/
https://www.ropelab.com.au/
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Bowline on a Bight
Public domain via Project Gutenberg’s Knots, Bends, Splices, by J. Netherclift Jutsum

Bowline on a Coil
From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 

Three-loop Bowline
For clarity, shown loose and not backed up. Should be tight and backed up. 

Yosemite Finish for Bowline
Backup with overhand or barrel knot on standing part of rope. 

Copyrighted material, used with permission, courtesy 
Richard Delaney, https://www.ropelab.com.au/ 

Bowline with running part/tail inside and outside 

Copyrighted material, used with permission, courtesy 
Richard Delaney, https://www.ropelab.com.au/ 

https://www.ropelab.com.au/
https://www.ropelab.com.au/
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running “end” doesn’t need to be backed up as it forms 
one of the three loops; this running-end loop goes 
around the person’s waist, and the other two loops form 
leg loops. (There is a variant of this called a bowline-on-
a-bight, where you take the running end loop and flip it 
around the big loop, then tighten it. Very cool, and use-
ful for rigging to the head of some litters for a semi-tech 
evac, see Basic Semi-Tech Rigging on page 39.

That said, there are still quite a few legitimate uses 
for a bowline, even for a bowline-on-a-coil. A bowline 
on a coil is a useful way to tie into three or four anchors 
without needing separate slings and carabiners. And, 
for rigging to the top of a metal Stokes, a bowline is 
superior to a figure 8 as it’s much quicker to tie and far, 
far easier to adjust to the right size. 

Another application for the bowline is in tying the leg 
loops of the: 

ASRC Seat Harness 
 Field III 

Back in 1974 when Rita Cloutier, Ray Cole, Gene 
Harrison and I started the Appalachian Search and 
Rescue Conference, we all used seat harnesses tied from 
1” tubular webbing. A few diehard vertical cavers sewed 
their own harnesses from 2” seat belt webbing, but com-
mercial sewed climbing harnesses remained an expen-
sive item, rarely imported from Europe, for a decade or 
two after this. 

So for climbing or caving, almost everyone used 
a tied harness, but there were different designs. The 
simplest (and likely the worst) was called a diaper seat. 
You take a double-length runner, or one a bit smaller, 
and clip a carabiner into the runner. You then hold this 
in front of your belly button. With your right hand, 
you reach around your right buttock, and through your 
crotch, and grab one strand of the runner. You bring this 
around your right hip, and clip it into the carabiner. You 
then do the mirror image with your left hand. You’re 
sort of sitting in the runner as if it were a diaper. 

The diaper seat has one advantage: it’s quick. But it 
falls down if you don’t have the length of the runner just 
right. As you rappel in it, it shifts and pinches in differ-
ent and sometimes very important anatomic areas. And, 
if it fails anywhere, for example from weld-abrasion 
from the rope running over it, you go splat.

There are a variety of other, somewhat superior tied 
harness designs. After careful analysis, Gene Harrison 
designed a tied harness that seemed to be superior to 
other tied harnesses. After due consideration, the ASRC 
adopted it as the official ASRC harness, and the ability 
to tie one has been an ASRC credentialing requirement 
for some 40 years.

If you’re a climber or a caver, or have done urban 
vertical rescue, you may consider a tied harness archaic 
and déclassé.

But a tied harness still has a place in SAR. Consider: 
we often spend many hours, or sometimes days, tromp-
ing around in the woods, and up and down mountains, 
or crawling through cave passages, with a pack. And the 
bigger and heavier that pack, the slower we go, and the 
less we can do. But sometimes, after these hours or days, 
we have to rappel. Or ascend. Or, more commonly, do 
a semi-tech evac where we need to be tied into the lit-
ter. Do you really want to carry that big, heavy, padded 
climbing harness in your pack all the time just in case 
of such a rescue? When a 20’ (6 m) length of 1” tubular 
webbing will do the trick?

I have a minimum equipment sling, a small batch of 
technical equipment clipped to a single-length runner 
that doubles as an over-the-shoulder equipment sling, 
that goes in my pack if I’m searching in possibly-steep-
semi-tech or technical terrain. And on that sling is a 20’ 
(6 m) length of webbing with the leg loops of an ASRC 
harness pre-tied, and the ends chained. If I need that 
sling for something else, I can untie the two bowlines 
and voilà, there is a 20’ (6 m) sling. If I need a seat har-
ness, it’s a matter of a couple of minutes to get it on and 
tied. 

So what are the specific good elements of the ASRC 
harness? First, safety. You have to cut it in two places, or 
more likely three places, to have it fail and make you go 
splat. Second, lightweight and versatile: high usefulness-
to-weight and usefulness-to-bulk ratios. Third: com-
fort. While not as comfortable as a much bigger, much 
heavier, and much more expensive commercial harness, 
it’s more comfortable than any other tied design.

 It would be possible to tie an ASRC seat harness with 
figure 8 knots instead of bowlines. However, the figure 
8s are a real bitch to adjust. And, unlike the bowlines, 
they have pointy bits that dig into your groin. Stick with 
bowlines. 

The technique for tying the ASRC seat harness is 
simple, but it takes time and a bit of practice to get it 
right. 

Start with a 20’ (6 m) length of 1” tubular webbing. 
Tie a bowline around your left thigh with about a 2’ run-
ning end sticking out to the left. Get it up close to your 
crotch and tie it pretty tight. Make sure the running end 
comes out away from the center of your body. Again, 
leave about 2’ of a running end. Don’t back it up. 

Now – and here’s the hard part – about 2-3” (~ 6 cm) 
to the right of the bowline in your left groin, tie another 
bowline, this time around your right thigh. The tricky 
bit is that you’re tying this with the running end being 
very long, so you’ll have to fight to get the entire length 
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out of the hole, around the tree, and back through the 
hole. 

Make sure that there is only 2-3” (~6 cm) between the 
bowlines. And that the bowlines are really pretty tight 
around your thighs.

Take that long end on your right, and wrap it around 
behind your butt. Keep it flat; twists will be a pain in 
your butt. Keep it low, on the bony pelvis. If you get it 
up above the pelvis, on the soft part of your waist on 
either side, it will dig in and hurt you. Bring it around 
your left hip, keeping it below your anterior superior 
iliac crest, wrapping the bony pelvis and not the soft bits 
of your belly. 

Stick the end under and through that little 2-3” sec-
tion between the bowlines. Pull it firmly to the left to 
tighten it around your butt. Pull it again. Harder. The 
tighter you get it around your butt now, the more com-
fortable it will be later. Now wrap it around your right 
hip, across your butt, and then around your left hip. 

Stick it under that little cross-piece between the 
bowlines, just like you did the first time. then around 
the right hip, across your butt, and then around the left 
hip. Pull tight each time. Repeat until you run out of 
webbing.

Some tied harnesses wrap the webbing around your 
waist instead of tucking it under that crosspiece. No! 
No! No! That is bad in so many ways! First, when 
you clip a biner through the waist loops as well as the 
crosspiece, you are almost guaranteed to cross-load the 

carabiner. Bad, bad, bad. Not only that, if you wrap the 
webbing around your waist, when you fall, it’s going 
to compress and squish all of your internal organs. 
Squishing your giblets is bad. 

Take the right and left ends, and on your left hip, tie 
them with a square knot. A surgeon’s knot is an accept-
able variation. When you make that first twist, pull tight. 
Should we say this again? Pull tight. Back when we used 
to all use these all the time for vertical rescue, I’ve even 
seen someone put a foot up on someone else’s hip so 
they can pull those butt-wraps tight. 

Finish off the square knot with overhands on either 
side (just around one bit of webbing, not the whole 
stack), and either (1) stick the leftover ends in a pocket, 
or (2) tie enough overhands to use up the leftover 
webbing.

Rig to the crosspiece. 
When taking off, you can leave the leg loops tied, 

ready for another use. 
The diagram here is Gene’s original; you can see his 

initials and the date. The “R-VR/CL” references an early 
ASRC Reference for Vertical Ropework and Climbing. 

It is worth noting that Gene is working on a new 
and improved version 2.0 of the ASRC Seat Harness, 
as described in his presentation at the 2019 ASRC 
Retreat at http://archive.asrc.net/ASRC-Training/
ASRC-Meeting-Retreat-Educational-Materials/2019-
ASRC-Retreat-Educational-Materials/2019-01-12-ASRC-
Retreat-Seat-Harness-2.0.pdf

Butterfly 
 Field I 
(Alpine Butterfly, Lineman’s Loop)
https://www.animatedknots.com/alpine-butterfly-loop-knot (palm method) 

two-twists method: https://www.ropelab.com.au/the-awesome-alpine-butterfly/

The butterfly is a beautiful and useful knot. Even if we’re 
not doing macrame, we might as well appreciate the 
beauty of the knots we tie. 

The butterfly is a way to tie into the middle of a rope 
for glacier travel. Back in the day, I learned to tie a but-
terfly, throw the loop around my waist, then adjust the 
loop so it fits snugly. It’s now more common to make a 
small loop and clip it into your harness with a biner. But 
still we use a butterfly. Why?

It’s a knot that is load-bearing in three directions. It 
is strong when stressed from both ends, when stressed 
from the loop and one end, and when stressed from the 
loop and the other end, or even when stressed from all 
three directions at once. In addition to tying into the 
middle of a rope, it can be used to tie out a bad section 
of a rope. For example, assume a rock fell on the middle 
of your rope, and damaged the rope badly in one small 

Butterfly Knot
Make a bight, twist it into a loop and again into an elbow. 

Stick end through middle loop as shown.
From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission.  

Butterfly Knot: Right and Wrong Ways to Rie
Copyrighted material, used with permission, courtesy Richard Delaney, https://www.ropelab.com.au/ 

http://archive.asrc.net/ASRC-Training/ASRC-Meeting-Retreat-Educational-Materials/2019-ASRC-Retreat-Educational-Materials/2019-01-12-ASRC-Retreat-Seat-Harness-2.0.pdf
http://archive.asrc.net/ASRC-Training/ASRC-Meeting-Retreat-Educational-Materials/2019-ASRC-Retreat-Educational-Materials/2019-01-12-ASRC-Retreat-Seat-Harness-2.0.pdf
http://archive.asrc.net/ASRC-Training/ASRC-Meeting-Retreat-Educational-Materials/2019-ASRC-Retreat-Educational-Materials/2019-01-12-ASRC-Retreat-Seat-Harness-2.0.pdf
http://archive.asrc.net/ASRC-Training/ASRC-Meeting-Retreat-Educational-Materials/2019-ASRC-Retreat-Educational-Materials/2019-01-12-ASRC-Retreat-Seat-Harness-2.0.pdf
https://www.animatedknots.com/alpine-butterfly-loop-knot
https://www.ropelab.com.au/the-awesome-alpine-butterfly/
https://www.ropelab.com.au/
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section… and it’s your only rope. By tying a butterfly 
that makes this damaged section into the loop, the rope 
is again usable, at least as a belay line, until you can get 
home and retire the rope.

In addition to the standard method for tying a butter-
fly, shown in the diagram here, there is another method 
is hard to show in a diagram here, but is well shown in a 
series of animations at animatedknots.com. 

If there is any chance a rope could be loaded (e.g., 
tying out a bad section), use the twisting method, not 
the palm method, to tie a butterfly.

Münter Hitch 
 Field I 
(Italian Hitch, Cross Hitch, Crossing Hitch, 
Mezzo Barcaiolo technique, MB hitch, 
Halbmastwurfsicherung, HMS, Nœud de Demi-
Cabestan, UIAA Belay, Half Clove Hitch Belay)
https://www.animatedknots.com/munter-mule-combination-hitch-knot

https://www.animatedknots.com/super-munter-hitch-knot 

https://www.ropelab.com.au/munter-hitch/#attachment%20wp-att-2384/0/

People love the Münter hitch. I learned to rappel using 
a Dulfersitz (a technique described in Dulfersitz Rappel 
on page 166, that likely qualifies as cruel and unusual 
punishment), then an unsafe double-brake bar rap-
pel and then the even unsafer carabiner wrap rappel 
discussed in Carabiner Wrap on page 167. So when I 
discovered I could rappel safely and fairly easily with a 
single locking carabiner on my harness using a Münter 
hitch, I was overjoyed. Today we have figure 8s, rappel 
racks and other fancy rappel devices, but back then, the 
Münter hitch was my favorite means to rappel. (Why, 
you may ask, are we discussing a rappel technique in 
the section on knots rather than the section on rappels? 
Because you need a Münter hitch to tie a load-releasing 
hitch. And the Münter hitch and the load-releasing 
hitches are knots. Sort of.)

Once you tie a Münter hitch, you need to pull on first 
one end of the rope, and then the other. And then do it 
again. And again and again, until you’ve satisfied that 
there are two configurations, called “raise” and “lower” 
and that they both are exactly the same, except that the 
hitch is on the other side of the biner.

Not only can you rappel on a Münter hitch, you can 
use it as a belay method. Swiss mountain guide Werner 
Münter introduced this hitch to climbing in the 1960s 
as an improvement over a standard hip belay. He gave 
talks about it in the USA which firmly attached his 
name to it in North America. In Britain, it’s known as 
an Italian Hitch. In Europe it’s known at the UIAA belay 
method, or as the Mezzo Barcaiolo technique or MB 
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https://www.animatedknots.com/munter-mule-combination-hitch-knot
https://www.animatedknots.com/super-munter-hitch-knot
https://www.ropelab.com.au/munter-hitch/#attachment%20wp-att-2384/0/
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hitch. It’s also known as a HMS knot, which is short for 
Halbmastwurfsicherung (“half clove hitch belay”). 

It works best on pear-shaped carabiners, and in 
Europe, these are known as HMS carabiners. You can 
use it on D shaped carabiners, but it tends to jam a bit 
in the narrow portion of the D. This can make a rappel 
bumpy. When belaying, it also makes it hard to switch 
from taking in rope to paying out rope, as again it tends 
to jam. In the event of a fall, it will still hold, though. 
Some locking modified D carabiners have a less-acute 
angle, and work fairly well, without too much jamming. 

For safety, it’s standard to use a locking carabiner. 
There is some concern that the rope will run across the 
gate and roll the ferrule around so as to unlock the gate. 
You can avoid this by using an autolocking carabiner. Or 
by making sure that the rope doesn’t run across the gate. 
You do this by making sure that the carabiner gate is on 
the side away from your braking hand. 

There are multiple ways to tie a Münter hitch, and all 
work. The easiest I have found is to twist the rope in a 
loop. Start clipping the carabiner through the loop, from 
the standing end side, then clip around the standing 

end. It is also commonly taught to form a loop, then 
twist it a bit more until it is in the shape of a Münter 
hitch as shown in the picture, then clip the carabiner 
through it. It it possible to tie it one-handed on a biner 
hanging from a sling: clip the rope through the cara-
biner, then form a loop and clip it into the biner as well. 

Rappelling with the Münter hitch is quite easy. If you 
have rappelled on a figure 8 descender, try a Münter 
hitch, and you’ll find little difference, except that you 
may have a wider range of control. It does twist the rope 
a little, but it’s not usually a problem except on really 
long drops. 

Belaying takes a bit more practice; the hitch flips back 
and forth as you alternate between paying out rope and 
pulling it in. However, even when reversed, a Münter 
Hitch is still a Münter hitch. It can be used clipped 
into an anchor sling, which is the preferred method. 
Assuming you are right-handed, rigging the anchor so 
that the Münter hitch is right behind your right flank 
allows you to use standard hip-belay hand motions 
(discussed later) to belay. 

Tying a Münter Hitch with One Hand Under Load
Copyrighted material, used with permission, courtesy Richard Delaney, https://www.ropelab.com.au/ 

Münter Hitch and Gate Position 
If the brake rope exits across the gate of the carabiner then a few things can occur: the 
movement of the rope across the gate mechanism may unlock and open the gate, and 
the gate mechanism may have edges that could catch on and damage the rope sheath.
Copyrighted material, used with permission, courtesy Richard Delaney, https://www.ropelab.com.au/ 

Alternate Method for Tying Münter Hitch
From Speleotype, courtesy Lee Trowbridge

https://www.ropelab.com.au/
https://www.ropelab.com.au/


8: Nontechnical and Semi-Technical Evacs 125

 Knots and Hitches        Knot Basics        Load-Releasing Hitch 

A Münter hitch is a suitable (and many feel, the best) 
belay for a lead climber, or for top-belaying a climber 
or rappeller. However, it’s not considered adequate for 
belaying a full vertical rescue load. If you can’t find a 
tree for a tree-belay, and don’t have a figure 8, it might 
be suitable for a semi-technical evac, provided the slope 
is not too steep, and you take your time and monitor the 
carabiner for overheating.

There is a variant called a Super Münter or Monster 
Münter (officially, a dopplealbmastwurfsicherung; no, 
I am not making this up) that involves tying a Münter 
hitch and then adding another pass of the rope through 
the carabiner. This provides more friction than a stan-
dard albmastwurfsicherung… sorry, I just can’t help 
using that word. Perhaps we should just use “Münter” 
from now on despite how the Europeans despise the 
term. 

The Super Münter has two advantages over a stan-
dard Münter. First, it doesn’t twist the rope. Second, it is 
strong enough to handle rescue loads. The only reason 
it’s not a standard method for lowering rescue loads 
is heat dissipation. Lowering a rescue load on a Super 
Münter can get the biner hot enough so that, when the 
rope stops for a minute, the heat melts the rope. Not 
likely a problem in a winter semi-tech evac, since semi-
techs have lower loads than a full technical lowering. 
But for summer semi-techs, and technical rescues in 
even temperate weather, it may be necessary to dribble 
water on the biner to keep it cool. Which is why we 
generally prefer other lowering devices. 

To tie a Super Münter, you first tie a standard Münter 
but with the braking end next to the gate. It is easiest to 
tie a Super Münter when you have it hanging from an 
anchor, which is appropriate; the Super Münter has too 
much friction to use as a rappel or belay device.

You then take a bight from the running (braking) 
end, bring it around the standing (load) rope, and clip 
the bight into the carabiner again. You do this so that 
the rope you just wrapped around the standing (load) 
rope forms a nice U around the standing (load) rope. 

Load-Releasing Hitch 
 Field I 
(Radium Hitch1)
https://www.animatedknots.com/radium-release-hitch-knot

The Radium Hitch is best described as a short, thin 
rope that connects a biner on the load to a biner on the 
anchor. You tie it with a Münter hitch at the anchor, 

1 For many knots, the origin and etymology of the name is lost in the 
mists of antiquity, likely before the era of written language. But for the 
load-releasing hitch, we know who invented it, and when and where. 
Arnor Larson, a British Columbia rope rescue maven, developed it in 

backed up with an – on purpose, high-friction – 3:1 
mechanical advantage system with a long tail. Think of 
it as a mini-lowering system. It also serves as a shock-
absorber for rescue rigging.

Strictly speaking, the load-releasing hitch isn’t a knot, 
and it’s not a hitch. It’s a device made up of two locking 
carabiners and a 10-meter (33’) length of 6 mm nylon 
kernmantle rope, using a Münter hitch and a variety of 
other wraps and a tie-off. We often store them pre-tied, 
ready to rig. It functions as a shock-absorber, so it has 
to be nylon rope, not polyethylene, Kevlar, Dyneema, 
Technora, or anything that isn’t as good as absorbing 
shocks. 

The Radium hitch is the most complicated “knot” 
you are likely to have to learn (though the ASRC seat 
harness is a close second). So there are not one but 
two series of graphics to illustrate how to tie it. The 
first, from the National Park Service Technical Rescue 
Handbook, provides a good overview. The second, my 
own series of pictures, provides some detailed recom-
mendations on how to tie it the best way. 

Background and Uses

For any vertical rescue or very steep semi-tech evac 
where you may be doing a raise, you really should use a 
load-releasing hitch. Why? To “release the load.” If need-
ed.2 And, to absorb shock loads so your system doesn’t 
break.

When you do a raise, you have to pull the rope quite 
hard. And you use a set of tandem Prusiks as a ratchet/
progress capture device. So, if the you are pulling up 
hard, and the edge of the litter gets caught under an 
overhang, and the Prusiks get set, then you are stuck 
with the rope under a lot of tension. Releasing Prusiks 
under tension is impossible. What do you do?

You use your load-releasing hitch. You untwist the 
rope wrapped around it, and inside you find a Münter 
hitch, as well as a 3:1 mechanical advantage haul/lower-
ing system, tied with doubled 6 mm rope. (The 3:1 haul 
system uses biners, not pulleys, but that’s fine as it adds 
a little friction, and you’re using the mechanical advan-
tage for lowering and not raising.) So you lower the litter 
a few inches, get it unstuck, and you’re ready to haul 
again. A load-releasing hitch will let you lower roughly 
8-9’ (~3 m). 

the 1990s, and 1n 1999, Kirk and Katie Mauthner, whilst soaking in the 
Radium Hot Springs in Kootenay National Park in British Columbia, 
came up with a variant called the Radium Hitch for the springs in 
which they were soaking, and which is now the most popular version 
of load-releasing hitch, and is what is described here.
2 If you are using a multipurpose device such as a Petzl I’D that can 
switch between raise and lower by just moving a lever, you don’t need 
a load-releasing hitch; see Multipurpose Devices on page 136.

https://www.animatedknots.com/radium-release-hitch-knot
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Figure 103- Radium Release Hitch Tying a Radium Load-Releasing Hitch
Public domain, National Park Service Technical Rescue Handbook
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Tying a Load-Releasing Hitch

5 6 7

3 421

1. Tie a very small figure 
8 loop and back it up. 
Clip the loop into the 
small end of the bottom 
carabiner.

5. Use the bight to tie 
an overhand around the 
three strands of your 3:1

2. Pass the rope through 
the large end of the top 
carabiner, down through 
the small end of the bot-
tom carabiner, and back 
through the large end of 
the top carabiner (3:1).

6. Tie and back up a very 
small figure 8 loop in the 
other end of the rope, clip 
a nonlocking carabiner 
into it, and clip this to the 
upper carabiner. 

3. Tie a Münter hitch 
around the large end of 
the top carabiner, oriented 
for a lower. Size so only 5” 
(13 cm) separates the two 
carabiners.

7. This leaves a large loop 
of loose rope. Starting 
from the end closest to 
the Radium hitch, chain. 

4. Tie a slipped half hitch 
or slipped overhand 
(shown) around all three 
strands of your 3:1. Leave 
the bight about a foot 
long.

This is much easier to tie 
if you clip the top cara-
biner onto something and 
let it hang. 

Clipping the end of the 
rope into the top carabin-
er protects from lowering 
beyond the end of the 
rope (>splat<).

Chaining instead of us-
ing a rope bag makes it 
neater and the amount of 
rope remaining visible for 
situational awareness.

Chaining starting at the 
end clipped to the nonlock-
ing carabiner means you 
can unchain only what 
you need.
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And, for any semi-tech raise with a brute-force haul, 
or a Z-rig, you need a load-releasing hitch, just in case 
the litter gets stuck on a rock or a tree, the Prusiks get 
stuck, and you need to lower the litter a bit. 

There are other uses for a load-releasing hitch, such 
as in switching between raise and lower, and for pass-
ing knots, which don’t often apply to rescues in the 
mid-Appalachians. 

If you see someone rigging a vertical rescue haul-
ing system without a load-releasing hitch or a shock 
absorber, you should call it out as a safety problem and 
ask that it be re-rigged. Even if you are using are using 
a multipurpose device that can switch between raise 
and lower by pulling a lever (see Multipurpose Devices 
on page 136), you still need a load-releasing hitch or 
some other shock-absorbing device (see Safety Factor and 
Shock Absorbers on page 140). 

As reported in John Dill’s reports in the NASAR 
Response magazine and reprinted in the NSS Vertical 
Section newsletter, Nylon Highway,1 having a load-
releasing hitch in the system acts as a shock-absorber, 
allowing a tandem Prusik belay (discussed under 

1 “Are You Really On Belay? Part II,” pp 20-21, Summer 1990 NASAR 
“Response” magazine, reprinted in the NSS Vertical Section’s newslet-
ter, Nylon Highway, No. 32, June 1991: http://caves.org/section/verti-
cal/nhback/NH32.pdf. 

belaying later) to better hold shock loads. In Dill’s 
report, it decreased shock loads 14% in a simple tied-off 
configuration and a 25% reduction in the standard tan-
dem Prusik belay configuration discussed in the section 
on Belaying with Prusiks on page 149. 

If you see a brute-force haul up a not-that-steep slope 
that has trees but no rock ledges, and it’s rigged without 
a load-releasing hitch, it’s not enough of a issue to call 
it out as a safety problem. If it were a steeper slope with 
rock ledges on which the head of the litter might hang 
up, you should demand to insert a load-releasing hitch 
or use a multipurpose device that can release the load 
without a load-releasing hitch. 

Details of the load-releasing hitch, and a great 
amount of additional vertical rescue material, is avail-
able free online in a document called Considerations 
for Rope Rescue by long-time cave and mountain rescue 
instructor Ken Laidlaw.2 This document has become an 
essential text for those doing vertical rescue. Another 
important free reference is the National Park Service 
Technical Rescue Handbook.3

Tying a Radium Hitch

This is easier if you look through the two series of pic-
tures as you read through the text.

To tie a load-releasing hitch, you start with the 
requisite two locking D carabiners, preferably either 
pearibiners (pear-shaped ones), or locking modified 
Ds (that’s what I use, and they seem to work fine), so 
that the Münter hitch will work without jamming. The 
load-releasing hitch is directional. It’s important not 
to tie it upside down, or if it’s pre-tied, not to clip it in 
upside down. The Münter hitch always goes on the end 
toward the anchor, and the end with the figure 8 knot 
goes toward the load. Keep the gate openings of your 
carabiners “down and out.” The open end of the gate 
should be toward the load (“down”), and the gate should 
be away from things it might bang into, such as the 
ground or the cliff face. 

This is a lot easier to learn and do if you clip the 
anchor (top) carabiner to something hanging up, like a 
loop of webbing over the top of an inside door. 

You take the end of your 10m (33’) piece of 8 mm 
nylon kernmantle rope and tie a tiny figure 8 loop in it; 
back it up with an overhand or a barrel knot. Make sure 
the loop is quite small, just big enough to fit over the 
carabiner. Clip this figure 8 loop into the small end of 
the load (bottom carabiner. Now, run the rope through 

2 http://sarconsiderations.com/documents/Considerations%20for%20
Rope%20Rescue%20-%20042216.pdf; it is copyrighted but freely avail-
able at this link.
3 https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-
handbook-2014.pdf
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One of my fondest memories of the Blue Ridge Mountain Rescue 
Group, one of the first ASRC Groups, is something that you’ll probably 
only find in a college group like BRMRG. There used to be (and perhaps 
still are) knot-tying contests. To see who can tie a knot quickest. To make 
it sporting, there were certain encumbrances. Such as being blindfolded. 
Or having one hand tied behind your back. Or with mittens on. Or with 
someone carefully drenching you with cold water from a hose held over 
your head. Or usually some combination thereof.

I’m not so sure I’m still fond of participating, but it’s a lot of fun to 
watch. And there was a particular skill set to tying a bowline-on-a-coil 
around your waist, blindfolded, with one hand. It’s somewhat dangerous 
to bystanders, who need to be about 20’ (6 m) away. 

You hold the rope in your right hand at a point about 20’ (6 m) away 
from the running end. You swing the rope, quite hard and fast, so it 
whips around your waist about three times. As soon as it’s whipped 
around your waist, you bend forwards to keep it from falling off your 
waist, let go, and grab the coil around your waist, feeling for the running 
end. Once you find the running end, you grab it a foot or two from 
the end. You then dip your right hand across the standing end of the 
rope, push your hand in against your belly button, then up through the 
coil around your waist, and then do some clever finger work to tie the 
bowline. 

Animatedknots.com has a nice video of how to do at least a single bow-
line around your waist one-handed, but it doesn’t have the same frisson 
of danger of tying the bowline-on-a-coil with that long rope end spinning 
around: https://www.animatedknots.com/one-handed-bowline-knot.

http://caves.org/section/vertical/nhback/NH32.pdf
http://caves.org/section/vertical/nhback/NH32.pdf
http://sarconsiderations.com/documents/Considerations%20for%20Rope%20Rescue%20-%20042216.pdf
http://sarconsiderations.com/documents/Considerations%20for%20Rope%20Rescue%20-%20042216.pdf
https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-handbook-2014.pdf
https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-handbook-2014.pdf
https://www.animatedknots.com/one-handed-bowline-knot
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the anchor (top, hanging up) carabiner, back through 
the load carabiner, then once more up to the anchor 
carabiner; tie a Münter hitch on the anchor carabiner, 
oriented so that the end you pull on is next to the gate. 
This is an exception to the principle that you should 
keep the end you hang onto away from the gate; in this 
case, it is more important to have the most-heavily-
loaded line of your 3:1 right next to the closed side, the 
spine, of the carabiner.

You’ve now got a tiny 3:1 mechanical advantage sys-
tem backed up with a Münter hitch. 

Pull on the rope coming out of the Münter hitch to 
tighten up your little haul system. (This flips the Münter 
hitch into the “raise” configuration.) You only want 3-4 
inches (8-10 cm) between the two carabiners. 

Now, pull the carabiners apart just a bit so that the 
Münter flips over into the “lower” configuration. Now, 
you should have about 5” between the carabiners. There 
are diagrams that say it should only be 4”, which was 
easy to do with the original load-releasing hitch, but 
almost impossible with the new, improved Radium 
hitch.

Make sure the Münter hitch is in the release position 
(ready to lower) with the in-feed cord towards the gate 
side of the carabiner.

That’s the basic Radium load-releasing hitch. 

Tying Off a Radium Hitch (Münter Mule)
https://www.animatedknots.com/munter-mule-combination-hitch-knot

Before you use or store a Radium hitch, tie it off. The 
traditional tie-off is called a Münter Mule.1

The first part of the tie-off is a slipped half-hitch 
around the three lengths of rope between the carabin-
ers.2 For tying off a rappel or lowering device, I am a fan 
of using a single slipped overhand on the standing part 
of the rope. It’s unlikely to take any major loads, so pull-
ing on the end to get it undone is usually fairly easy. 

However, since the Radium hitch is for sure going to 
take a rescue load, and maybe take a shock load, you 
need a tieoff that will, for sure, untie after being loaded, 
so you can argue that a slipped half-hitch is the best, at 
least to start with.

Leave the bight coming out of the slipped overhand 
or slipped half-hitch about a foot (~30 cm) long.

1 You would think this is because it uses a mule hitch. But I’ve never 
heard of a mule hitch, it’s not in Ashley’s Book of Knots, and a web 
search for “mule hitch” just turns up ways to hitch your Kawasaki 
Mule ATV to your truck. Wherever the name came from, it’s a good 
way to tie off the Radium hitch. 
2 The NPS Technical Rescue Handbook calls it a “slippery” half hitch; 
Ashley’s Book of Knots calls it a slipped half hitch, as in knot #1196. I 
view Ashley as more authoriative.

Next, use that bight – pull it out longer if you need to 
– and use it to tie an overhand around the three strands 
of your 3:1 lowering system.

Now you have a hitch that will come undone after 
being stressed, and will come undone while under ten-
sion with a rescue load.

Radium Hitch Leftover Rope

After you tie off your Radium hitch with a Münter Mule 
you will still have rope left over. You can stick this in a 
little ditty bag, or chain it. Chaining is better. It provides 
better situational awareness of how much rope you have 
left as you are lowering.

Tie a figure 8 loop in the end of this excess rope, and 
back it up with am overhand knot or barrel knot. As 
with the figure 8 loop on the other end, make the loop 
just big enough to clip into a biner.

Clip a non-locking carabiner into this figure 8 loop. 
Clip the non-locking carabiner on the end into the 
anchor locking D carabiner as this makes it easier. This 
ensures that you don’t lower your load-releasing hitch 
past the end of your rope. Oops.

Start chaining at the figure 8 loop on the end, chaining 
back towards the tied-off load-releasing hitch. Once you 
can’t chain any more, clip that last loop into your non-
locking carabiner to keep it from unchaining. (When 
you’re chaining webbing, you can slip the end through 
the last loop to jam it; for this chain, though, there’s no 
free end, so you have to use your nonlocking carabiner 
instead.)

Using a Radium Hitch

If you need to lower:
• Unclip that last loop of the chain nearest the locking 

D biner, unchain only what you need (likely a foot or 
two) and then clip the chain back onto that nonlock-
ing biner.3

• Leave that nonlocking carabiner attached to both 
the end of the excess rope and the anchor locking 
carabiner. This way, you can’t lower the end through 
the Münter hitch and have everything go splat.

• Untie the overhand-on-a-bight and slipped overhand 
or slipped half-hitch from around your 3:1 while 
holding tension on it with your braking hand.

• Gently release tension with your braking hand to 
lower the litter.

3 I tried chaining from the other end but everyone hated it. I also 
tried clipping the loop from the overhand around the body onto the 
nonlocking biner. That didn’t make people happy either, just got in the 
way and really offered minimal additional security.

https://www.animatedknots.com/munter-mule-combination-hitch-knot
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Since we tend to use pre-tied load-releasing hitches, 
remember: Münter hitch on the anchor biner, figure 8 
loop on the load biner. 

Chest Harnesses

The ASRC Training Standards used to say that members 
must be able to tie the “knot” of a “cross chest harness.” 
To be truthful, I’m not sure exactly what this means. I 
know of multiple ways to tie a chest harness. I’ve tried 
all that I know and most tied chest harnesses suck. 
Royally.. If you’re hanging by your seat harness, and the 
rope is routed through a biner on most of these chest 
harness designs, the carabiner slides up to your throat, 
and the back part also slides up to the back of your neck. 
Your back hurts and you choke. Not recommended. If 
you don’t believe me, try it yourself. 

I’ve used (and still use) a variety of special-built 
sewed chest harnesses for vertical caving, and in par-
ticular, I now use the Petzl “Torse” strap as part of my 
three-ascender system; I’ve also used several different 
types of chest harness with what are called “roller boxes” 
that clip onto the rope, with other types of ascending 
rigs. The Torse and the rest of the Petzl Frog Ascending 
System are by far my favorites for long rappels and 

ascents, as in vertical caving. (Search the Web for Frog 
Ascending System to see pictures.) 

To figure out what “cross chest harness” officially 
meant, I did a Google search, and reviewed multiple 
pages. The vast majority of hits were for ~$300 com-
mercial safety harnesses for window cleaners and the 
like. There was a smattering of exotic lingerie. And one 
hit in Mountaineering: The Freedom of the Hills that 
mentioned using a chest harness (diagram of what looks 
like a twisted runner shown) for glacier travel when you 
might fall in a crevasse. It unrealistically shows the cara-
biner right in the center of the climber’s chest, where it 
never stays.

So let’s talk about the “crossed runner chest harness,” 
also sometimes known as a figure of 8 chest harness, 
only to condemn it. There is no diagram, as that might 
encourage you to try this. You take a single-length 
runner. (You do remember what that is? If not, reread 
the Water Knot section again.) You twist it once into a 
figure 8. You put an arm through each of the halves of 
the figure 8. You flip the crossed center over your head. 
You clip together the two parts in front with a carabiner. 
You then realize that this is really more of a neck har-
ness than a chest harness and you abandon the attempt. 
If you really don’t believe me, hang in your seat harness 
from a short rope tied to a swingset or tree branch. Put 

Parisian Baudrier Chest Harness
© 1992. Reprinted with permission of the publisher from Mountaineering: The Freedom of the Hills, 5th edition, edited by Don Graydon, The Mountaineers, Seattle, WA. All rights reserved.



8: Nontechnical and Semi-Technical Evacs 131

 Knots and Hitches        Knot Basics        Chest Harnesses

on this chest harness, clip it the rope, and hang back and 
relax. 

You now should concentrate very carefully on the 
following instructions on how to tie a Parisian Baudrier 
chest harness.1 It’s a little complicated but definitely 
worth learning. 

First, you need a double-length runner. Hang the 
runner, from your left thumb. Slide the runner around 
until the knot or sewed join is 3 inches (8 cm) below the 
base of your thumb. (You don’t want a knot digging into 
your back.)

 Hold your left hand up against your chest. With your 
right hand, reach around behind your back, and grab 
both strands of the runner. One strand of it goes over 
your shoulder, one goes under. Yes, you can move your 
left hand a bit to make it easier to grab with your right 
hand, but then bring it back to your chest. Bring the two 
strands in your right hand around the right side of your 
chest. Using the single loop over your left thumb, and 
the doubled strands in your right hand, tie a sheet bend. 
A sheet bend is basically a bowline tying two ropes 
together. See the picture. 

The steps to tie this knot are as follows. First, take the 
doubled end in your right hand, and push through the 
loop on your left thumb, in the direction opposite to the 
way your thumb is pointing, and let the end drop down 
in front of you. Take your left hand out of the loop it was 
in, and use your left hand to grab that dangling doubled 
end. Your left thumb should be against your chest. Keep 
holding onto that doubled part with your left hand, 
and with your right hand, pass that doubled end back 
up behind all the webbing on your chest, so it comes 
up to your neck. Your left thumb should be in the loop 
you just formed with the doubled part. With your right 
hand, flip the doubled part forwards, away from your 
chest. Now feed it through where your left thumb is, this 
time in the direction that left thumb is pointing.

1 Nobody’s quite sure where the name came from. Baudrier in French 
means a broad sash, and at some point maybe the person who 
invented this thought it looked something he saw some Paraisian 
official wear at a ceremony.

Adjust the knot you just tied so that the harness is 
fairly tight around your chest, and there are no painful 
twists in the webbing. Make sure that the knot in the 
runner is not going to dig into your back.

The loop resulting from the sheet bend should hang 
down, and for additional security, you can clip it into 
your seat harness. If you want to clip this chest harness 
into the line from which you’re hanging, clip the cara-
biner around the sheet bend, from upper left to lower 
right 

 Over the the past almost 50 years I’ve spent a fair 
amount of time just hanging on a static line, wait-
ing to be picked off a “rappel accident” as part of cave 
or mountain rescue training. (I guess I have “sucker” 
printed on my forehead.) Having a Parisian Baudrier 
clipped to a Prusik or ascender just above you makes 
this much more comfortable. Especially because it 
always seems to take 30 minutes longer than anyone 
espects before I finally get rescued. 

I sometimes also attach another ascender or Prusik to 
the line and run a single-length runner from it to under 
my knees. It’s almost like lying in a hammock. Well, 
not really. But much more comfortable than just sitting 
in a harness and hanging onto the line with my hands, 
which can be quite tiring, both to your arms and even 
aerobically. 

One problem you can get (and that I got during a 
practice 2/19) from sitting motionless in a seat harness 
like this is sciatica: pain in the distribution of the sciatic 
nerve,2 in this cause due to direct pressure on the nerve 
just below your butt. On that occasion I also had pain in 
the distribution of the lateral femoral cutaneous nerve.3 
It took a couple of weeks for the painful numbness to go 
away.

There is something more serious that you can get 
from hanging in a harness too long, covered in the 
sidebar on Suspension Syndrome (Harness Hang) on 
page 183.

2 https://en.wikipedia.org/wiki/Sciatic_nerve
3 https://en.wikipedia.org/wiki/Lateral_cutaneous_nerve_of_thigh

https://en.wikipedia.org/wiki/Sciatic_nerve
https://en.wikipedia.org/wiki/Lateral_cutaneous_nerve_of_thigh
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Hardware: Carabiners, Pulleys and Multipurpose Devices 

Carabiners 
 Field II 

Most non-outdoorsy people call carabiners snaplinks. 
Outdoorsy people call them biners, and sometimes call 
locking carabiners lockers. The term is derived from 
Karabinerhaken, German for “spring hook for a carbine” 
(a carbine is a short rifle for cavalry) and has been used 
by climbers and cavers since 1911. 

Regardless of what you call them, carabiners are an 
essential part of caving, climbing and rescue equipment. 
Originally designed for snapping the rope to a piton for 
protection for a lead-climber, they quickly found many 
other uses. 

The gate on a carabiner is spring-loaded, so it will 
stay closed. Carabiners are designed to be loaded along 
their major axis (see diagram). 

The earliest basic form of carabiner is the nonlocking 
oval, as illustrated in the diagrams. Later, Bonaiti in Italy 
produced “D” shaped carabiners, which became popular 
as they transferred more of the load to the solid side of 
the carabiner, and away from the weaker gate side. More 
recently, a modified D shape has become popular; the 
gate opens as widely, and it’s as strong as the original D 
carabiners, yet lighter. Another modification replaces 
the gate with a thick bent wire, which lightens the biner 
even more, without sacrificing strength. 

For situations where speed is more important than 
security – for example, clipping your rope through a 
piece of protection while you’re lead-climbing and bal-
anced on nearly-invisible hand- and footholds – non-
locking carabiners are the type of choice. 

But for situations where you’re not hanging by your 
fingernails, we tend to use locking carabiners. The clas-
sic locking carabiner is a locking D, but they now come 
in all shapes and sizes. In rescue, we tend to use locking 
Ds all the time.

 A large modified pear-shaped locking D is perhaps 
the most versatile locking D to have in your pack. Some 
people call these pearibiners.

They are big enough to snap onto a litter rail and you 
can use them to rappel, or lower a litter, with a Münter 
hitch. Petzl makes a nice one

Carabiners come in aluminum, steel, and for all we 
know, gold. (Though you shouldn’t hang your life on 
a gold carabiner, the metal’s too soft; if wishing for 
the best, you’d rather have light and strong titanium 
carabiners, but nobody makes them.) Large steel locking 
Ds, because of their strength, are often used in vertical 
rescue. But if you’re not doing vertical rescue or very 
steep semi-tech, they are overkill and overweight; for 
personal use, get a few of those locking aluminum Petzl 
or similar pearibiners and a few non-locking modified 
Ds, preferably the lighter wire-gate ones. 

 ▸ Carabiners clip climbing, caving or rescue gear 
together; have spring-loaded gates. 
 ▸ Designed to be loaded along major axis. 
 ▸ Much weaker along the minor axis: do not cross-
load or rig with triaxial load 

 ▸ D-shaped carabiners:
 ▸ May have screw gate or auto-locking mechanism
 ▸ Auto locking may be difficult to use

 ▸ For rescue use, get locking D rings:
 ▸ Aluminum with ≥ 15 kN and preferably ≥ 25 kN 
strength along major axis
 ▸ Pear-shaped to accept Münter hitch
 ▸ Open wide enough to clip over a litter rail

 ▸ Pulleys allow rope to move through with lower fric-
tion than through carabiner
 ▸ Prusik-minding rescue pulleys:
 ▸ Have larger sheaves on either side of pulley 
proper
 ▸ Designed to keep Prusiks from seizing on rope when 

pulling rope through from side opposite Prusik 
 ▸ Petzl Rollclip:
 ▸ Small ball-bearing pulley in bottom of carabiner
 ▸ Can replace carabiner and rescue pulley in haul 
system
 ▸ Very lightweight
 ▸ Not as efficient full-sized rescue pulley. 

 ▸ Multipurpose devices: 
 ▸ Will lower a rescue load
 ▸ Will work as pulley/ratchet with haul system
 ▸ Will work as belay device
 ▸ Switch between modes at the flip of a switch. 
 ▸ CMC MPD and Petzl Maestro: heavy and large but 
excel for rope rescue 
 ▸ Petzl I’D: lighter, doubles as personal rappel 
device; mechanical advantage is not as good as 
MPD or Maestro as “pulley” (capstan) does not 
rotate

I m p o r t a n t  P o i n t s
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Carabiners are rated as far as strength, primarily 
along the major axis. As far as what strength you need 
for rescue, figure that a standard 7/16” (11 mm) rescue 
rope has a rated strength of about 30 kN1 (6744 lbs) and 
this strength is cut in about half when you put a knot 
in it. So as long as your carabiner is rated for well more 
than 15 kN, (3372 lbs) it should not be the part of your 
system you worry about failing. Most of the aluminum 
locking D carabiners you can get have a major axis 
strength of 20 kN or better; a Petzl William pearabiner 
has a rated major axis strength of 27 kN. Steel carabin-
ers can have much higher strengths but it doesn’t make 
sense to carry the extra weight for the kind of rescue 
we’re talking about in this chapter, even very-steep 
semi-tech evacs.

There are different types of locking gates. The first was 
a locking screw gate. There is a ferrule (metal sleeve) 
that has screw threads on the inside. You can rotate the 
ferrule to move it over the gate opening. 

Some concerns about a rope running through such a 
carabiner unscrewing the screw gate ferrule (which has 
happened a few times, but not very often) led to other 
types of gate closure, and in particular, auto-locking 
carabiners. For some of them you twist the sleeve at the 
same time you open the gate. These aren’t too hard to 
open. But they are certainly harder to open than a lock-
ing biner with a screw gate with the screw gate open. I 
have seen a few auto-locking biners that are designed to 
sort-of-lock open until you clip into someone and then 
push on the ferrule. I was not impressed. 

I once got a CMC pick-off strap (designed to quickly 
clip a person hanging on a line or cliff into your har-
ness) which had a carabiner permanently attached to 
it. It is an auto-locking carabiner. However, you have to 
twist the sleeve and pull the sleeve back, and open the 
gate at the same time. 

I am certain this gate will never accidentally come 
open. However, I suspect that, when I’m hanging upside 
down on a tied-off rappel, and trying to hook this 
carabiner onto someone’s harness, while wearing gloves, 
I will not be able to get the gate open. While sitting here 
at my desk, without gloves, I can barely get it open.

1 kN = kiloNewton, about 225 pounds of force; see https://
en.wikipedia.org/wiki/Newton_(unit)

Sometimes, excess safety is dangerous. This is an 
example of it. When I’m lead-climbing or doing a pick-
off, I do not want to be so safe that I can’t accomplish 
the task at hand. In search and rescue, sometimes it’s 
safer to ignore certain safety rules, or subvert certain 
hardware “safety” design, designed to protect against 
extremely rare risks, in order to expeditiously accom-
plish a potentially life- or limb-saving task. For many 
bad situations, you have to make an assessment of risks 
of benefits, including the risks of following certain safety 
rules. (See the chapter on Leadership and Followership 
for more about rules versus best practices.)

Buy any long-experienced SAR team member a beer 
and ask for stories about this principle and you will 
probably get an earful.

Carabiners are good companions, but you must use 
them with care. Used appropriately, they serve their 
function; used incorrectly, they break and you go splat. 
Or, worse, someone else goes splat.

There are several ways to misuse a carabiner. 
If you’re using a non-locking carabiner, the gate can 

press against a ledge (or whatever) and come open. This 
is potentially bad; your rig may come apart, and with 
the gate open, the biner is weaker. Therefore there is a 
very long-standing traditional saying to orient the gate 
down and out. Out means away from whatever might 
bang into the gate and open it.

If you’re doing vertical rescue, and you’re clipping a 
biner to the litter rail, you have the gates next to the cliff 
face down and in, in the sense of facing in to the patient. 
On the other hand, this is out compared to the cliff, so 

Carabiner

Some Carabiner Types
From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 

https://en.wikipedia.org/wiki/Newton_(unit)
https://en.wikipedia.org/wiki/Newton_(unit)
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the down and out rule still applies. You just have to 
realize what it means in the context of clipping to 
a litter rail. “Out” in this context means away from 
things that might bang the gate open, which means 
away from the cliff. 

Yes, you can use a locking biner. But locking biners 
sometimes unlock, and it’s a best practice even with 
locking biners.

What if you don’t have a locking biner? Well, you 
can use two non-locking biners, in true opposition. 
That means that you have the gates oriented so that, 
even if one of the biners rotates, the gates open the 
opposite direction. This is as reliable as a locking 
biner.

Another way to misuse a biner is to side-load it. 
Biners are designed to take a load along the major 
axis. If you side-load a biner as shown in the diagram, 
it doesn’t take much to pop out the gate and thence to 
break the biner in half.

Yet another way to misuse a biner is to cross-load 
the gate. Basically, this means that if you pull hard on 
the gate, you can rip it out. This is why we don’t use a 
carabiner to clip into a harness while being belayed – 
at the precise moment you fall, the biner may be ori-
ented so that the rope rips out the gate. Indeed, some 
tied harness designs almost guarantee you will cross-
load the carabiner. As we discussed before, clipping a 
carabiner into a doubled runner with a wide angle not 
multiplies forces so that the webbing is more likely to 
rip when you load it. Not only that, a wide angle can 
make it much likelier that you will cross-load the gate 
and rip it out. Bad on many levels. 

Finally, you can nose-hook a carabiner: get the little 
hook at the top of the gate opening on the anchor 
sling instead of getting it clipped all the way on; see 
https://www.blackdiamondequipment.com/en_US/
qc-lab-weakness-of-nosehooked-carabiners.html for 
pictures and how a biner hooked on this way only has 
about 10% of normal strength. 

There is another way to cross-load a carabiner, 
and I am afraid to say I used to do this all the time. 
When I was first learning to rappel, I was taught the 
Dulfersitz, but then shown how to use a tandem brake 
bar carabiner rappel. This was a caver’s (slightly) safer 
alternative to a climber’s method of using a piton 
like a brake bar. This is a really stupid way to rappel, 
as you’re cross-loading the gate of the carabiner. If 
the gate comes open a bit, then there is a shock load 
(quite common when rappelling a broken slope), it 
would be quite easy to have the gate and the brake bar 
go “ping” and fly away, and then you go splat. 

If you want to get some aluminum locking bin-
ers for rescue use, get ones that are rated at least 
15 and preferably 25 kN (5620 lbs), which should 

 

R e t i r e  D r o p p e d  C a r a b i n e r s ?
 Field II 

When I first started climbing as a teenager in the 1960s, I was told that if 
I dropped a carabiner I would have to retire it. It wasn’t clear to me why, if 
I was standing on flat ground, dropping a carabiner from my hand onto a 
patch of moss, soft dirt or even a rock would mean that I’d have to retire it.

Then I was told that it was only if I dropped it from a height. What height? 
Nobody could tell me.

How often to carabiners fail? As far as I can tell, there are just a few 
recorded instances, and only one where a carabiner failure might be 
implicated in a death (http://publications.americanalpineclub.org/arti-
cles/13199702002/Fall-on-Rock-Rope-Severed-Carabiner-Broke-California-
Yosemite-Valley-El-Capitan).

In 2000, Grin Wallace reported on dropping carabiners, both aluminum and 
steel, from 27’ and 54’ heights. There was significant visible damage, but 
the long axis breaking strength was unaffected. (http://itrsonline.org/word-
press/wp-content/uploads/2015/04/Wallace.2000.pdf)

Since then, there have been other studies dropping carabiners from dif-
ferent heights and finding their long axis strength was unchanged. (http://
www.outdoorsafetyinstitute.com/index.php/news/single/should_you_
retire_a_dropped_carabiner/; https://onrope1.com/myth-busters)

However, if you dropped a carabiner a really long way (whatever that 
means), even if it looks OK, in an abundance of caution, you should retire 
it. And, if you dropped a carabiner and it is visibly damaged, you should 
retire it. And Petzl once told Bruce Smith (recorded at https://onrope1.com/
myth-busters) that more than a 1 mm groove or dent or nick in a carabiner 
is enough to retire it, even if it’s just from wear and tear. 

Chris Harmston, the quality assurance manager at Black Diamond, was 
quoted online as saying: “I have test-broken hundreds of used, abused, 
and dropped ‘biners (even some that fell 3000 ft. (1000 m) from the top 
of the Salathe Wall on El Capitan). Never have I noticed any problem with 
these unless there is obvious visual damage to the ‘biner. While somewhat 
reassuring, this does not give you carte blanche to use carabiners that 
have been dropped a significant distance. Immediately retire any carabiner 
that is crooked, has deep indentations, or has a gate that doesn’t operate 
smoothly.” (https://fatcanyoners.org/2012/05/05/dropped-carabiners/)

Bruce Smith, who runs a vertical equipment company and is an experienced 
vertical caver, says: Myth: You should replace a dropped carabiner because of 
undetectable “Micro-Fractures”. This is the biggest myth we know of, and was 
probably created by unscrupulous salesmen to get you to buy more carabin-
ers. Truth: In a test by Steve Nagode, an engineer at the REI quality assurance 
laboratory, 30 carabiner bodies (half ovals, half D’s) were each dropped six 
times onto a concrete floor from a height of 33 feet. Following the drops, their 
open-gate strength was measured and compared to 30 control samples from the 
same production batch and which had not been dropped.  The statistical result 
showed “no loss of strength.”  Inspect any piece of dropped equipment carefully, 
checking for proper function. Cast metal products are most vulnerable to dam-
age, fractures and cracks. To my personal knowledge, this happened once to a 
gray cast metal Jumar ascender in the 1970’s. To my extensive knowledge: Drop 
forged carabiners (and similar gear) have not exhibited this problem. 

OEM Petzl says: 1 mm of wear or gouge is serious enough wear or damage to 
require replacement.

See: https://onrope1.com/myth-busters

https://www.blackdiamondequipment.com/en_US/qc-lab-weakness-of-nosehooked-carabiners.html
https://www.blackdiamondequipment.com/en_US/qc-lab-weakness-of-nosehooked-carabiners.html
http://publications.americanalpineclub.org/articles/13199702002/Fall-on-Rock-Rope-Severed-Carabiner-Broke-California-Yosemite-Valley-El-Capitan
http://publications.americanalpineclub.org/articles/13199702002/Fall-on-Rock-Rope-Severed-Carabiner-Broke-California-Yosemite-Valley-El-Capitan
http://publications.americanalpineclub.org/articles/13199702002/Fall-on-Rock-Rope-Severed-Carabiner-Broke-California-Yosemite-Valley-El-Capitan
http://itrsonline.org/wordpress/wp-content/uploads/2015/04/Wallace.2000.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2015/04/Wallace.2000.pdf
http://www.outdoorsafetyinstitute.com/index.php/news/single/should_you_retire_a_dropped_carabiner/
http://www.outdoorsafetyinstitute.com/index.php/news/single/should_you_retire_a_dropped_carabiner/
http://www.outdoorsafetyinstitute.com/index.php/news/single/should_you_retire_a_dropped_carabiner/
https://onrope1.com/myth-busters
https://onrope1.com/myth-busters
https://onrope1.com/myth-busters
https://fatcanyoners.org/2012/05/05/dropped-carabiners/
https://onrope1.com/myth-busters
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be stamped on the biner, and that are pear-shaped to 
accept a Münter hitch as well as having a gate opening 
big enough to clip over a litter rail. As one example, the 
Petzl William locking D pearibiner meets these require-
ments and is rated at 27 kN along the major access.

Pulleys
 Field II 

The load-releasing hitch uses a 3:1 mechanical advantage 
hauling system. We use it for lowering, not for hauling. 
That’s a good thing. The friction around the carabiners 
negates much of the mechanical advantage if you were 
to try to use it to haul up a load. 

But if you do want to use a mechanical-advantage 
system, you will want to use pulleys instead of carabin-
ers, to minimize friction.

At the other end of the spectrum are big multi-pulley 
blocks for hauling vertical rescue loads, and special “jig-
gers”: a couple of small multi-pulley blocks pre-rigged 
with small-diameter rope, just for pulling something up 
a few feet. The most famous of these is the Aztec edge 
kit, which is a small buttpack with a length of smaller-
diameter rope with a jigger on one end; the other end 
serves a a safety line when working near the edge. But 
those things are for vertical rescue, not semi-tech evacs. 

The kind of pulleys we use for hauling up a litter 
for a semi-tech evac – or for a technical rescue – are 
pretty standard. They have aluminum sheaves (the flat 
plates on either side) and seem to come in mostly red 
and blue. I have no idea why these two colors. (But my 
wife does. “Easiest to see against wood, stone, snow 
& foliage. More commercially viable than hot pink or 
chartreuse.”) 

You can get them with brass bushings (cheaper) or 
stainless steel ball bearings (less friction). They look 
exactly the same.

You can also get standard pulleys (smaller, lighter) or 
Prusik-minding pulleys (some call them PMPs; these 
are the same people who call ratchets PCDs). Standard 
rescue pulleys have rounded sheaves; Prusik-minding 
pulleys have larger, almost-triangular sheaves. The basic 
idea of a Prusik-minding pulley is as follows. If you’re 
pulling up rope through the pulley, and there is a Prusik 
on the downhill side, then the Prusik will press up 
against the sheaf and release, allowing you to pull up the 
rope without encumbrance. But, if you start paying out 
rope, the Prusik will catch and prevent any significant 
return of rope back downhill. At least that’s the theory. 
It usually works. But it’s still a good idea to have some-
one tending the Prusik to set it when needed, just to 
make sure. For the past decade or so, people have been 

Carabiner Gate Against Surface

BAD: Cross-Loading a Carabiner
From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 

BAD: Carabiner Side-Loading

True vs. False Gate Opposition

Two Carabiners with Opposing Gates
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arguing about whether to use Prusik-minding pulleys or 
not. The issue has not been decided.1 

One of the most interesting pulleys is the Petzl 
Rollclip, which is a carabiner with a ball-bearing pulley 
built into the bottom of it. It is available either in locking 
or nonlocking versions. It is a true multipurpose device, 
as it serves as a very light carabiner-pulley combination, 
and while its main use is as a pulley in a mechanical 
advantage haul system, it will also work as a carabiner. 
And if you are trying to ascend using an ascender and 
a Petzl I’D, putting one on the rope below you and then 
clipping to the ascender above your I’D allows you to 
pull the rope through the I’D by simply pulling down 
with one hand. It’s not going to be as efficient as a bigger 
rescue pulley, but it can substitute for a carabiner on 
your gear sling and gives you a pretty good pulley with-
out much extra weight.

I keep a couple of the non-locking version on my 
rescue harness/gear sling along with a Petzl Tibloc 2 
ultralight ascender. This makes it easy to quickly create 
a 3:1 haul system with what I have on my harness or 
minimal gear sling and a rope. In an article on testing he 
did with the Tibloc, Richard Delaney recommends this 
as a lightweight 3:1 Z haul system.2 

If I’m doing rescue training or a rescue close to the 
road, such as for a cave rescue with an entrance pit, this 
gear’s on my commercial harness; if I’m on a search in 
potential technical terrain, it’s on a gear sling along with 
an ASRC seat harness.

Multipurpose Devices 

In the 1970s, when the ASRC first introduced cavers’ 
rappel racks to the mountain rescue community, it was a 
technological revolution that changed how vertical and 
steep semi-tech rescue was done. 

Over the past decade or two, another revolution is 
taking place. Companies, in particular Petzl and CMC, 
are developing much more capable but also more expen-
sive equipment. This has been driven by rope rescue 
research, the need for better rope rescue and innovative 
companies.

Multipurpose devices are the result. 
There are zillions of rope devices that do more than 

one thing, some designed for sport climbing, some for 
arborists (people who use ropes to get up and around 
in trees) and some for cavers. We’re going to limit our 
discussion here to those that are suitable for, and likely 

1 http://itrsonline.org/wordpress/wp-content/uploads/2015/03/
OnBelay.Thorne.20071.pdf
2 https://www.ropelab.com.au/members-tibloc-tests/ (paywalled).Petzl Rollclip

Left: Rescue Pulley; Right: Prusik-Minding Pulley

http://itrsonline.org/wordpress/wp-content/uploads/2015/03/OnBelay.Thorne.20071.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2015/03/OnBelay.Thorne.20071.pdf
https://www.ropelab.com.au/members-tibloc-tests/
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to be used for, wilderness search and rescue, and in 
particular, steep semi-tech evacs.

These are devices can belay, lower, and serve as a 
pulley and ratchet combination in a haul system. We 
will consider three of them: the CMC MPD (which, 
of course, stands for Multi-Purpose Device), the Petzl 
Maestro, which is new in 2020 and competes directly 
with the CMC MPD, and the Petzl I’D. 

The great advantage of multipurpose devices is that 
you don’t need to switch devices between raising and 
lowering. No need for a load-releasing hitch. Using a 
rappel rack and a hauling system with Prusik ratchets, 
it takes a several minutes to switch between raise and 
lower, or vice versa, even if you’ve practiced it a lot. And 
it’s complicated how you do this, with many opportuni-
ties for mistakes, especially when you’re cold, wet and 
sleep-deprived. 

With a multipurpose device, it takes only a second to 
switch, maybe just moving a lever a bit. Yes, yes, if you 
haven’t rigged the haul system yet, it does take a minute 
to throw on the pulley and Prusik or other ascending/
rope grab device. 

Dedicated Rescue Devices 

CMC introduced the MPD (multipurpose device), circa 
2013. Unlike the Petzl I’D (discussed below), the MPD 
does have a (one-way) rotating pulley in it. Therefore, 
when you switch from lower to raise, it provides a much 
better “real” mechanical advantage to your haul system. 
As someone once said, though, compared to a Petzl I’D, 
it’s twice the cost, twice the weight, twice the bulk, and 
twice as complex. But it also works significantly better 
for hauling, though maybe not quite twice as well.1

The new (2020) Petzl Maestro looks like an over-
grown I’D, but like the CMC MPD, it has a rotating 
pulley that only rotates one way (up). Like the MPD, 
it is about twice as expensive, twice as bulky and twice 
as heavy as an I’D, and it’s too big to use as a personal 
rappel device. But it seems simpler to operate than the 
CMC MPD.

Competition is good.
One last device that fits better here than anywhere 

else: the CMC Traverse 540°. It’s called 540° because 
it has a fixed, non-rotating double pulley (capstan) 
around which the rope goes more than once, in fact, 
precisely 540°. It is not multipurpose: it only belays. But 
it belays rescue loads very, very well. Given the move to 
dual-tensioned line systems (see One Line or Two? and 

1 As with the Petzl I’D, there are separate versions for 11 mm = 7/16” 
wilderness rescue rope, and one for the fire service’s 12.5-13 mm = 1/2” 
rope.

Two-Tensioned Lines on page 160 it seems likely to be 
eclipsed by the Petzl I’D, Petzl Maestro, and CMC MPD.

Multipurpose Device Work Process 

The work process for each of the multipurpose devices 
is slightly different as they work somewhat differently.

There is some discussion about trying to develop 
standard calls for using with these, including calls 
Descend (or Lower) Mode, Belay Mode, Tie-Off or 
Lock-Off or Park. However, this has gotten less far than 
standardizing calls for what we do with semi-tech evacs 
or with traditional, rappel-racks-and-tandem-Prusiks 
vertical rescue.

It’s hard to make generalizations about multipurpose 
devices as they work differently. One universal, though, 
is that it’s always nice to have a second person helping at 
the multipurpose device. One person manages the mul-
tipurpose device, we’ll call that person the Belayer. 
The second person manages the rope, making sure that 
during a lowering there are no tangles in the rope going 
into the multipurpose device. And, this second person 
can make sure that, during a raise, the rope gets stacked 
neatly so that it will pay out easily if you need to back 
down a bit. We can call this person the Ropehandler. 

Multipurpose Devices and Personal Use 

You can also use a smaller multipurpose device, the 
Petzl I’D, as a personal rappel device. A somewhat 
clunky rappel device, but one that can quickly switch to 
an ascending device. A very clunky ascending device, 
but the switchover is much easier and faster than with 
separate rappel and ascent devices. You will need to 
add a lanyard with two tails, from on tail from other 
ascender to your feet to ascend with, and another tail 
from the other ascender to your seat harness for a 
redundant safety.  

When the I’D was introduced circa 2011, it was first 
marketed as a personal rappel device that was safer than 
other rappel devices. That’s because there is a lever you 
use to control your descent. If you pull too hard on the  
lever, it stops. If you let go of the lever, it stops.

But rope rescue teams started using it as a multipur-
pose device for rescue lowering and raising. And in 
2019, Petzl introduced a new line of I’Ds. They are also 
slightly heavier as they’ve replaced the aluminum edge 
the rope to your braking hand goes across with a more 
abrasion-resistant stainless steel edge. They look almost 
the same as the older model, but they are much simpler 
to use. 
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The 2019 I’D S is designed for personal rappelling, but 
you can use it to lower rescue loads as we did with its 
predecessor I’Ds. 

The 2019 I’D Evac is specifically designed for lower-
ing rescue loads. To see one rigged for use, look at the 
picture Modified Basket Hitch on page 97.

If you look in the Petzl catalog at the pictures of 
the I’D S and the I’D Evac, at first glance it looks like 
they just took the picture of the I’D S and turned it 
upside down to show the I’D Evac. Indeed, that was the 
only difference in using the original 2011 Petzl I’D for 
lowering instead of rappelling: instead of clipping it to 
your harness to rappel, you turned it upside down and 
clipped it to an anchor to lower.

But on closer inspection, either in the catalog or in 
person, you will see that the 2019 I’D Evac has an extra 
shiny silverish bit on its face. This is a stainless steel 
secondary friction post.1 You can run the rope through 
this to provide more friction, making it easier and safer 
to control a rescue load.

On even closer inspection, you will notice that the 
control lever on the I’D S is black and that on the I’D 
Evac is gray; if you squint at the handles, you can see 
that the I’D S has “I’D” embossed on it, and the I’D Evac 
has I’D EVAC embossed on it.

If you open them up to look inside, they look exactly 
the same. 

The main difference, other than the secondary fric-
tion post, is the operating position of the handle.

You can pull the handle on the I’D Evac down 140° (a 
bit more than a quarter-circle) before it stops, keeping 
it in a comfortable place for lowering as you adjust the 
amount of friction for the lower. 

The handle for the I’D S, starts in the same position as 
on the I’D Evac, which is why the pictures in the catalog 
look so similar.

But you can pull the handle down 270°, three-fourths 
of a circle, over onto the far side of the device, so the 
handle is in a comfortable position for rappelling as you 
adjust the friction for your rappel. 

If you add a secondary friction post to your I’D S, 
you can use it both as a personal rappel device and as a 
rescue lowering device, the only difference between the 
modified I’D S and I’D Evac being a more-comfortable 
operating position of the handle for lowering (the I’D 
Evac) or rappelling (the I’D S). 

Both are small and light enough to use as a personal 
rappel/ascent device. 

1 If you want to order one of these to add to an I’D S, it is also known 
as an “Auxiliary Open Brake” and that is the part you should order. 
There is also an “Auxiliary Closed Brake” which is different and is not 
suitable for wilderness search and rescue uses: the rope has to turn 
through it all the time, you can’t slip the rope in and out of it to add or 
subtract friction.

You can use an I’D as a seat harness ascender; you 
use this along with a foot Prusik or other ascender as 
an ascending system. This will not replace a dedicated 
rappel rack for rappelling and a “real” ascending system 
for doing long fixed-line drops, as for vertical caving 
(For more on ascending systems, see Ascending Systems 
on page 190). Why? When you step up on your foot 
ascender, you have to use your hands to pull the rope 
through the I’D.

But for rescue, where you have to switch between 
rappelling and ascending, back and forth and back and 
forth, using an I’D can be invaluable, because the swi-
tchover is so much faster. 

And an I’D has the advantage of passing the “whistle 
test,” where during a test of your team, you have to let 
go with your braking hand. (See Whistle Test on page 
153.) With a traditional rappel rack, you will slide to 
the bottom of the rope unless someone is belaying you. 
But with most multipurpose devices, they will autolock. 
The same thing will happen if you let go when lower-
ing a litter: with a rappel rack, the litter will crash down 
the hill or cliff, whereas with one of these multipurpose 
devices, the litter will stop. 

If you have on your harness or gear sling a 2019 Petzl 
I’D Evac or I’D S with the extra friction post, a Petzl 
RollClip, and a Petzl Tibloc 2 ultralight ascender, which 
totals less than two pounds (1 kg), and a rope,2 two lock-
ing carabiner and some webbing for an anchor, you have 
enough to rig a single-line lowering system for a semi-
tech evac that can switch from lower to 3:1 haul system 
raise and back in a matter of seconds, and that doesn’t 
need a load-releasing hitch to release the load. (If the 
slope is very steep, you might want a load-releasing 
hitch as a shock absorber; see Safety Factor and Shock 
Absorbers on page 140.) 

The downside is that for the 3:1 haul system the I’D 
Evac has a smooth non-rotating capstan rather than a 
rotating pulley. This means more friction than a system 
with a rotating pulley, and thus your real mechanical 
advantage will not be as good as with a rescue pulley, a 
CMC MPD or a Petzl Maestro. 

The Petzl I’D seems to be the most popular for wil-
derness rescue – my Allegheny Mountain Rescue Group 
uses them, and I’ve got one for personal use. One pro 
tip: when lowering, if you’re not using the secondary 
friction post, as when you’re using two I’Ds for a dual-
tensioned-line lower, as with rappelling, you can use the 
handle to provide coarse control and move your hand 
above and below the device for fine control. Also, when 
using for lowering, you can attach a string to the hole in 
the end of the handle to move it remotely, as from the 

2 The Petzl I’D Evac and I’D S accept 10-11.5 mm rope, including the 
7/16” that is standard for wilderness rescue; there is a version for fire 
service use with 1/2” = 13 mm rope.
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edge. Expect more entries in the multipurpose device 
market. 

Competition is good.
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S a f e t y  F a c t o r  a n d  S h o c k  A b s o r b e r s

In vertical/technical rescue, we often talk about the safety factor.

At its base, this is related to your system’s ability to hold the weight on 
it. If you have a standard 600 pound load (litter, patient, litter atten-
dant), and the weakest link in your system will break with a 600 pound 
load, then your safety factor is 1:1. And if you bounce up and down a 
bit you will exceed your safety factor and will all die a horrible death.

The accepted safety factor for technical rescue is 10:1. (Reputedly 
the fire service decided on a 15:1 safety factor but Bruce Smith of the 
company On Rope 1 points out that this is a myth.1)

In 2015, Kirk Mauthner, widely recognized as a rope rescue expert, 
gave an influential presentation at the International Technical Rescue 
Symposium.2 He opined that the 10:1 safety factor idea, which 
originated in the 1980s, should be replaced by a more nuanced safety 
analysis of rope rescue, including the following:
 · Human Factors
 · Environmental Factors
 · Materials/Equipment Factors
 · Method/Technique Factors

And, that safety factor just dealt with one of these concerns. He also 
suggested that, rather than worrying about the 10:1 ratio, which he 
describes as a “crutch,” we adopt a single maximum breaking strength 
for our rope rescue systems, about 1.5-2 times the maximum load it 
would see under worst-case scenarios, as is a standard engineering 
practice. This would then allow us to use more lightweight equipment 
in such situations… and the semi-tech evacs that are the main subject 
of this chapter seem an ideal application for this concept.

To quote Kirk: “The key for rope rescuers to realize is that the worst-
case event in rope rescue literally is an abrupt edge transition with a 
rescue-sized load [litter patient with two attendants] gone wrong.” He 
estimates that as a 7 kN shock load and suggests that simply specify-
ing a vertical rope rescue system have an overall strength of 20 kN 
would obviate the need for calculating 10:1 ratios.

He then goes on to discuss the need for force-limiting systems; com-
mercial examples of force-limiting devices include lanyards that are 
designed to partially rip and absorb impact forces, resulting in a lower 
peak impact force on the system. Another example is a lowering or 
belaying device that, when shock-loaded, lets a bit of the rope slip to 
decrease the peak force. 

A Radium load-releasing hitch between the anchor and the lowering or 
raising system serves as a shock absorber. As reported in John Dill’s 
reports in the NASAR Response magazine and reprinted in the NSS 
Vertical Section newsletter, Nylon Highway,3 having a load-releasing 
hitch in the system acts as a shock-absorber, allowing a tandem Prusik 
belay to better hold shock loads. In Dill’s report, it decreased shock 
loads 14% in a simple tied-off configuration and a 25% reduction 
in the standard tandem Prusik belay configuration as discussed in 
Belaying with Prusiks on page 149

1 https://onrope1.com/myth-busters

2 http://itrsonline.org/wordpress/wp-content/uploads/2015/02/008.
Mauthner.2014.pdf

3 “Are You Really On Belay? Part II,” pp 20-21, Summer 1990 NASAR “Response” 
magazine, reprinted in the NSS Vertical Section’s newsletter, Nylon Highway, No. 
32, June 1991: http://caves.org/section/vertical/nhback/NH32.pdf. 

There are several companies that will sell you their custom-built 
shock absorbers, which have stitches that rip out at certain shock 
loads, decreasing the peak force. Petzl calls them “energy absorb-
ers” and markets them under the Absorbica brandname, integrating 
them into some lanyards. CMC calls them SHOK Shock Absorbers 
and also offers them integrated into some of their lanyards. For a 
rescue anchor, I have no idea whether these are better or worse than 
your homemade Radium load-releasing hitch. As they say at the end 
of many scientific and medical journal articles, “more research is 
needed.” 

In the National Park Service Technical Rescue Handbook (https://
mra.org/wp-content/uploads/2016/05/nps-technical-rescue-hand-
book-2014.pdf), Kirk writes:

While static forces on a steep slope may be higher than say, a 2 kN, two-
person load in vertical terrain (e.g. a four-person, 360 kg load at 45 degrees 
will produce a rope tension of about 2.5 kN), we need to keep in mind 
that the relative worst case event in this environment will not produce the 
same potential peak force as can a 1m drop on 3m of rope with a 200 kg 
mass (this can produce a peak force of about 8-12 kN whereas on a steep 
slope, the peak force is generally 2-2.5x the static force, or about 5-6+ kN, 
or about half of what an edge transition force can produce). This is where 
the concept of static safety factors is quite misguided and that is why 
engineers don’t generally use “static” safety factors. Engineers compare 
highest anticipated load (static or dynamic) to material yield or breaking 
strengths, and the target is to achieve a 1.5-2:1 safety factor. However, the 
North American culture of SSSF [Static System Safety Factor, referenc-
ing the non-shock-load breaking strength of a system] would require 
rescuers to build a steep slope rescue system that produces a static force 
of 2.5 kN with a strength of 25 kN, with the ironic reality that this heavier 
initial static force cannot produce the same magnitude of peak force as 
a two-person load on a poor edge transition. Enter the concept of Force 
Limiting Systems (slipping clutch) (that truly limit the force between 6-12 
kN) with a requirement of rigging to 20+ kN strength; this approach cov-
ers for all worst case events in rescue work.

Also, see the article “Surprising Lessons from ITRS” about the 
International Technical Rescue Symposium in the Spring 2015 
Mountain Rescue Association Meridian newsletter at https://mra.org/
wp-content/uploads/2016/05/2015SpringMeridian.pdf. Starting on 
page 21, it provides a summary of some of this thinking about moving 
beyond safety factors to consider energy absorption in systems. 

Bottom line: for a steep or very steep semi-tech evac with three or four 
litter bearers, you can use standard vertical rescue equipment and 
practices designed for a litter with one attendant. As long as you have 
some energy absorption in the system, such as a Radium hitch. 

Here is an interesting queston for someone who wants to do some 
research: how much energy does a tree-wrap absorb during lowering 
or as a belay?

https://onrope1.com/myth-busters
http://itrsonline.org/wordpress/wp-content/uploads/2015/02/008.Mauthner.2014.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2015/02/008.Mauthner.2014.pdf
http://caves.org/section/vertical/nhback/NH32.pdf
https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-handbook-2014.pdf
https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-handbook-2014.pdf
https://mra.org/wp-content/uploads/2016/05/nps-technical-rescue-handbook-2014.pdf
https://mra.org/wp-content/uploads/2016/05/2015SpringMeridian.pdf
https://mra.org/wp-content/uploads/2016/05/2015SpringMeridian.pdf
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Belaying 

A belay is a safety line, a rope to prevent you or the 
litter from falling. Or at least falling too far. 

The simplest belay is for difficult nontechnical evacu-
ations, as discussed in Types of Evacuations on page 
10. This is when you attach an about 30 foot (10 m) 
length of rope to the head of the litter, and then pile it 
in the litter next to the patient’s head. If there is a slip-
pery or steep place, some extra people pull this out and 
hold onto it, not usually using any sort of formal belay 
technique, to steady the litter for a minute or two. This 
allows them to help the litter team without getting in 
their way, which can be a problem on a narrow trail or 
narrow gorge. In this sort of “assist” belay, there is no 
danger of the litter falling more than a few feet, so it’s 

not a life-safety belay, it’s more of an assist to the litter 
bearers. 

Belaying a Climber 
 Field II 

Even if you just plan to belay litters, and never belay 
a climber, you have to learn how to belay a climber as 
that’s how you learn the fundamental skills that you use 
in belaying a litter. 

The simplest life-safety belaying situation is when 
someone is climbing up a cliff, and you’re at the top 
providing a belay. Climbers call this “top-roping.” 

 ▸ A belay: is a safety line: a rope kept free of slack to 
prevent you, or the litter, from falling too far
 ▸ Tag line: ~30’ (10 m) of rope attached head of litter 
for nontechnical evac, pulled out only for short 
steep or slippery place; an assist and not true belay
 ▸ Belaying a litter takes techniques from top-roped 
belay of a climber
 ▸ A sitting hip belay stance must have anchor and 
belayer in line with the expected fall load direction; 
can use redirect sling and carabiner if needed
 ▸ Up Rope hand movements:
 ▸ Three-step waltz rhythm
 ▸ Emphasizes efficient movements to take in rope 
without ever letting braking hand off the rope
 ▸ Braking hand must never be far back enough that 
could be pulled around belayer’s back by a fall
 ▸ Feeling hand always reaches out further than brak-
ing hand

 ▸ Can bottom belay a rappeller who is using a 
mechanical device:
 ▸ Hold onto rope lightly
 ▸ If rappeller starts falling, pull out all slack and then 
pull on rope with full body weight

 ▸ “Autobloc” rappel self-belays with a Prusik or simi-
lar are unsafe; do not use them
 ▸ Traverse/CMC 540° device:
 ▸ Ideal belay device for a litter
 ▸ Heavy and bulky and expensive
 ▸ Seldom used in wilderness rescue

 ▸ For wilderness rescue we use a tree belay or 
tandem-Prusik belay or a lightweight multipurpose 

device such as a Petzl I’D
 ▸ For tree belay for litter being carried uphill:
 ▸ Friction of rope around large tree with thick bark 
holds falls
 ▸ Belayer uses climbing-type belay hand motions 
to take up rope from standing belay stance
 ▸ Downhill Ropehandler feeds rope around 
tree to Belayer, making sure that fingers never get 
between rope and tree
 ▸ Downhill Ropehandler serves as Belayer’s 
“feeling hand,” making sure no slack in rope to 
litter
 ▸ Uphill Ropehandler takes free end of rope 
uphill along good route, selects next tree for tree 
belay, becomes next Belayer

 ▸ For belaying litter with tandem Prusiks:
 ▸ Two Prusiks, one Prusik loop longer
 ▸ Prusik loop rope slightly smaller than main rope
 ▸ 3-wrap Prusiks
 ▸ Prusiks go on carabiner first, then rescue pulley: 
“Soft, then hard”

 ▸ Belaying a lowering with tandem Prusiks: 
 ▸ Hand on bottom Prusik, pull slack through 
Prusiks with “two thumbs up” 
 ▸ Form a loop between hands and let this pay out 
 ▸ Repeat as needed

 ▸ Belaying litter carried uphill with tandem Prusiks:
 ▸ One hand on top Prusik
 ▸ Other hand pulls rope through from other side of 
rescue pulley

I m p o r t a n t  P o i n t s
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The first belay technique for such a situation report-
edly was when mountain guides in the Alps would take 
a client up the mountain, and use a rope to help pull up 
the client over the hard bits. Later, this morphed into 
using the rope more as a safety line, and guides devel-
oped a method of looping the rope over the shoulder, 
pulling it in as the client climbed. It wasn’t particularly 
effective, given how it was draped over the guide’s shoul-
der, but it was said that a guide could then, at need, flip 
the rope off the shoulder and let the client go splat. This 
lost you a client but at least kept you from going splat 
along with your client.

The next development was the sitting hip belay. The 
guide would get into a good sitting position, perhaps 
on a small ledge, and brace his feet (back in those days, 
guides were always “him”). He would wrap the rope 
around his hips, which was a much better way to use the 
rope to catch a fall. 

When the client fell, you would hold on tightly with 
the hand on the opposite side of your body from the 
rope leading to your client. So it was important for you 
to keep this hand – this braking hand – on the rope all 
the time. And not let it get so close to your body that, if 
your client fell, your hand would be pulled around your 
back. 

Sitting Hip Belay
The three-step, waltz rhythm for “Up Rope.” In this configuration, left hand is braking hand.

From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission.

Sitting Hip Belay: Belay Stance
In this configuration, left hand is braking hand.

From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 
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As shown in the figure Sitting Hip Belay: Belay Stance 
on page 142, belay stance is critical to having a belay 
that will not fail and make someone you’re belaying go 
>splat<. If the climber (or litter) you’re belaying falls, 
and there is a sudden shock load, you won’t be able to 
hold onto the rope if you suddenly get pulled over three 
feet to the right or left. The anchor to which you’re con-
nected by the back of your seat harness, the sling from 
that to your seat harness (which needs to be tight), and 
the direction from which the shock load will come, all 
need to line up. As shown in the figure, you can use a 
redirect anchor to make sure the shock load comes from 
the right direction. 

A variant of this top belay is very common in sport 
climbing on small cliffs. Instead of sitting at the top and 
belaying, you just hook a sling to an anchor at the top, 
and clip the climbing rope through a locking biner on 
this sling. Then you belay from the bottom. This is better 
in some ways, in that you’re standing and watching the 
climber, so it’s easier to pass calls back and forth. And 
it’s easier to catch the fall as you will be pulled upwards, 
so gravity is on your side. It’s worse, in that if you don’t 
catch the fall, the climber lands on top of you. 

When the client was downclimbing, it was easy 
enough to shuffle your hands to pay out rope. But when 
the client was climbing, you really needed to do some 
fancy hand-work to pull up the rope rapidly, without 
your braking hand leaving the rope. A standard three-
movement technique evolved, as shown in the diagram. 
This requires practice. Lots of practice. It’s not a natural 
way to haul in rope, so it takes practice. 

There are tricks that will help you learn this tech-
nique. First, you gotta have rhythm. It’s one two 
three. It’s a waltz rhythm, which is appropriate, since 
belaying likely evolved in the Austrian Alps, where the 
waltz originated. Think Johann Strauss, Jr., “The Waltz 
King” (Vienna: October 25, 1825 – June 3, 1899). Keep in 
your mind a waltz such as The Beautiful Blue Danube.1 
one two three one two three one two three!

You need to practice over and over, and over and 
over. If you’re teaching this to a bunch of others, a 
clever technique is to get them sitting down in two lines, 
facing each other, with about a yard between their feet. 
Snake a rope back and forth, so each person is holding 
the rope in a belay position. Then have everyone prac-
tice “up-rope” together. Count out the waltz rhythm: 
“one two three one two three one two three!” 
A nice slow waltz is best to start with, after that perhaps 
Johann Strauss’s Accelerations to build up speed. 

Another trick that helps learning how to “up-rope” 
while belaying is to make sure that when you do two 
that your feeling hand (that’s the one that’s not your 

1 https://www.youtube.com/watch?v=cKkDMiGUbUw

braking hand) always reaches out farther than your brak-
ing hand. 

When you set up a hip-belay position it’s good to 
have a solid place to put your feet, so that, when your 
client falls, you don’t get pulled off and go splat. It’s even 
better to have a harness on, and have the back of your 
harness (many harnesses have something called a “belay 
loop” specifically for this purpose) tied back to a nice, 
solid anchor. As shown in the diagram, you want to 
keep your anchor, your body, and the expected force of 
your client’s fall in line. As shown in the diagram, you 
can even use a “redirect” to make sure the force of your 
client’s fall is in line. Why this emphasis on being in 
line? Simple. When you client falls, and you catch it with 
your hip belay, you will be lifted up off your butt by the 
force. And if things aren’t in line, you might suddenly 
get pulled to the side by 500 pounds of force, and break 
an arm. Or worse.

Speaking of “or worse”: Dave Templeton, a long-
time climber with the Potomac Appalachian Trail Club 
Mountaineering Section, taught me to climb safely – he 
was a big proponent of safe climbing – and how to do 
some basic rescue techniques. Once made a bad mis-
take. He was belaying a climber from above, and forgot 
to clip his belay loop (on the back of his seat harness) 
into the anchor. The climber fell, pulling him off his 
belay stance. He fell over the edge and went splat. And 
died.

So even experienced climbers can make simple 
mistakes that can kill. That’s one of the reasons we have 
a rule in rescue: someone else always checks your rigging. 
Whether it’s for a vertical rescue, a sport climb, or a cav-
ing rappel, you should always ask someone else to check 
your rigging before you use it. Even if it’s a pleasant, 
sunny day, and you’ve just had a nice lunch and a full 
night’s sleep the night before, you always get someone 
else to check your rigging. So that when it’s cold, and 
wet, and you’re starving and exhausted and short on 
sleep, you’ll follow the habits you developed in better 
times and places. 

People are always searching for a better way to belay; 
either making it easier to take in rope, or less likely 
you will lose control of the rope (a significant potential 
problem with big falls and a sitting hip belay). We’ve 
discussed the Münter hitch, which is the most popular 
way to belay in Europe, and superior to almost all other 
mechanical belay devices. 

Another European invention was the Sticht plate. A 
round steel plate a bit smaller than a hockey puck, the 
Stitcht plate had a rounded slot in the middle. You stuck 
a bight of the rope through the slot, and clipped the 
bight into a carabiner either on your harness or attached 
to a bombproof anchor. When your climber fell, the 
rope pulling taught would pull the plate up against the 

https://www.youtube.com/watch?v=cKkDMiGUbUw
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biner, pinching the rope and stopping the fall. Sticht 
plates have not been made for many decades, but echoes 
of them appear in various devices, such as “Rescue 8” 
descenders, which have a slot in the middle that allows 
it to function like a Sticht plate. 

Many “tubular” Sticht variants evolved, which pro-
vided more surface area for the rope to rub against, and 
generally providing a better belay. There are many such 
devices, but the Black Diamond Air Traffic Controller 
(ATC) seems to be the most popular in North America 
as I write this. As with a Münter hitch, you can use these 
for rappelling as well. They also are lighter and easier to 
use than the original Sticht plate. Indeed, I use one for 
sport climbing with my daughter, though I’m not a fan 
of it as a rappel device. 

There are many other belay devices, most of which 
also double as a rappel device. They all have advantages 
and disadvantages. For example, one popular belay 
device – though not as popular as an ATC – is a Petzl 
GriGri. However, I have seen, multiple times, where 
someone is trying to rappel with a GriGri and got a 
thumb in the wrong place and fell a few feet before 
controlling the rappel. If you have a good belay device 
that is a makeshift rappel device, you’re better off using 
something separate for rappelling, even if it’s a Münter 
hitch. 

Belaying a Rappeller 

Bottom Belaying a Rappeller

It is possible to provide a rappeller with a bottom belay, 
also known as a “fireman’s belay.”

This is quite different than the bottom belay of a 
climber described previously. The idea is that mechani-
cal rappels work by friction. If the rappeller pulls hard 
on the rope with the braking hand, the rappeller slows 
down or stops. If a person standing at the bottom of the 
cliff or pit pulls hard on the rope, the rappeller slows 
down or stops. 

In 1998, Jim Kovach tested bottom belays at Bridge 
Day, a yearly festival to celebrate the New River Gorge 
Bridge in West Virginia. Rappellers routinely rappel 
the 800’+ drop off the bridge. In his report on the NSS 
Vertical Section website entitled The Effectiveness of 
a Bottom Belay on Long Drops,1 he found that bottom 
belayers couldn’t stop a majority of simulated out-of-
control rappellers. 

That said, ASRC Groups routinely have bottom belay-
ers stop actual rappellers. Ralph Brigham, of the Eastern 

1 http://caves.org/section/vertical/nh/49/bottblay.html

Bottom Belay a Rappeller: Standard Hand Position

Bottom Belay a Rappeller: Catching a Fall

http://caves.org/section/vertical/nh/49/bottblay.html
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Region of the National Cave Rescue Commission, tells 
a story from the 1990s when he was at Three Caves 
Quarry in Huntsville one weekend. He observed some 
young men practicing rappelling down the 90’ (30 m) 
quarry wall. As Ralph says, “they were freely partaking 
of a well-known non-nutritious beverage that does not 
lend itself to clear cognitive mentation.” When one of 
them lost control and started a free-fall, he grabbed the 
rope, stopping and quite surprising the young man, as 
well as likely saving his life.

Why the difference? If you’re rappelling a long drop, 
you have to have very little friction on your device, due 
to the heavy weight of all of that rope hanging below 
your rappel device. So if you have a rappel rack, you 
may start with only three bars, and gradually add bars 
as you get lower. So, compared to the weight of all that 
rope, the incremental addition of one human body 
weight won’t make much difference. But for 200’ rappels 
or less, a bottom belay works fine. 

To work, a bottom belay needs to do two things well. 
 • First, you need to be able to pay out and take up rope 
rapidly as the rappeller moves. You don’t want to tug on 
the rope and make it hard for the rappeller to use his or 
her braking hand. 
 • Second, if the rappeller loses control, you want to rap-
idly (a) pull out all the slack in the rope, and (b) pull on 
the rope with most of your body weight. 

You will see people trying to bottom-belay with the 
rope around their waists, like a sitting hip belay. Nope, 
doesn’t work. You will also see people holding the rope 
under their butts, just like they might do while doing a 
bottom belay of a climber on a cliff, through an anchor 
and biner at the top. Nope, that doesn’t work either. 

Don’t believe it? Try it. Make sure there is a nice pad 
at the bottom and see if you can catch a falling rappeller 
that way. 

Gene Harrison, one of the ASRC’s four founders, 
teaches a bottom belay method that seems superior to 
all others. So here’s Gene’s method. Wear a helmet. Wear 
eye protection, as you’ll be looking up to keep an eye 
on the rappeller. You don’t need to wear gloves, as the 
rope won’t be moving at all. It’s easier and likely better 
to do this without gloves, as you’ll be faster at shuffling 
the rope in and out as the rappeller moves around. If it’s 
cold, you can certainly do it with gloves or mittens on.

Look at Bottom Belay a Rappeller: Standard Hand 
Position on page 144. Stand facing the cliff or the wall 
of the pit with the rope in front of you. Flip it over your 
right shoulder, so the stack of extra rope is behind you. 
Bring up your right hand to about shoulder height, 
with your fingers and thumb extended upwards. Catch 
the rope in the V between your thumb and your index 
finger. Don’t grab the rope with your hand. Resist that 
urge!

Bring up your left hand with the fingers and thumb 
similarly stretched upwards. Place it under the rope 
farther away from you than your right hand.

As you have to pay out and pull in rope, do it by shuf-
fling the rope forward and back with your (open) hands. 
This way, if the rappeller suddenly pulls up on the rope 
(happens all the time) it doesn’t snag on your hands and 
make the rappeller snap at you. But you can still keep a 
minimum of slack in the line.

When the rappeller loses control you can:
 • Grab the rope with your right hand, and pull back hard 
to pull out all the slack.
 • With your left hand, reach up as high on the rope as you 
can and hold on for dear life (the rappeller’s, not yours).
 • Fall down.

This will rapidly take out all the slack and put a size-
able portion of your body weight on the line. As long 
as this isn’t an 800’ rope this should stop the rappel-
ler dead. Well, alive, but not moving down the rope. 
Everyone who learns to rappel should learn to belay this 
way. 

Practice: get a belayer to take over control while 
you’re rappelling, and then lower you to the ground. It’s 
not only a good practice for when something happens 
for real, it’s also good confidence-building exercise. 

For more about how to ensure safe rappels, see Rappel 
Safety on page 176.

Belaying a Litter 
 Field II 

There are multiple devices and techniques to belay a 
litter. 

You could try to use a sitting hip belay to belay a 
litter. It might even work. On the other hand, we know 
that some people just can’t hold a single-person fall 
with a sitting hip belay. Surprisingly, it’s not always the 
big, muscular guys who hold a belay the best. Big guys 
sometimes have big hands and just can’t grip the rope 
that well. But don’t use a sitting hip belay even if you’re 
good at holding climber falls with it. A semi-tech fall 
isn’t going to be as bad as a vertical rescue litter + atten-
dant fall, but it’ll be worse than a falling climber.

A litter with four or six litter bearers is heavy. If the 
litter and the litter bearers are on a very steep bit, and 
they fall on your sitting hip belay, they will only slow 
slightly as the rope cuts you in half.

There are devices that you can attach to an anchor 
such as a big tree that you can use to belay a litter and 
litter bearers. Probably the best is the Traverse/CMC 
540° device. It is heavy and bulky and expensive, but it 
does a really good job of belaying.
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A standard Münter hitch is great for belaying a single 
climber, but not strong enough for a litter and litter 
bearers. You can use a Super Münter hitch to belay a lit-
ter and litter bearers, but you need a really big rounded 
carabiner so that you can get it to flip between Up 
Rope! and Slack!

But the simplest way to belay a litter and litter bearers 
involves doing a standing version of the sitting hip belay, 
but with the rope from the litter wrapped around a tree 
before it comes to you to belay it. We call this a:

Tree Belay
 Field II 

Belaying a litter on a semi-tech uphill carry is a lot like 
belaying a climber: 
 • The belay is there just in case the climber falls, or the 
litter team falls and drops the litter,
 • You keep your braking hand on the rope all the time,
 • The climber and the litter team are moving upwards on 
their own, and 
 • You have to keep the slack out of the belay line, but 
pay out and take in rope as the climber or litter move, 
mostly up but occasionally down to pick a different 
route. 

Note that we are now discussing belaying a litter. We 
will discuss lowering a litter in the later section on rap-
pelling and lowering devices. We will discuss hauling a 
litter uphill in the even-later section on ascending. 

Belay: Tree-Wrap Belay for Semi-Tech Evac Uphill
B = Belayer. RH = Downhilll Ropehandler. Looking uphill, rope is running on right side of tree; Belayer is using left hand as braking hand. 

From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 

Downhill Ropehandler Finger Position
Semi-Tech Evac, Ascent with Belay Rope: The Uphill Ropehandler’s 

index fingers never get between the rope and the tree.
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Luckily, as with rigging anchors for a belay at the 
top of a cliff or pit, we often find trees, and can use a 
tree-wrap as a belay. In the Appalachian Mountains 
(except for a few areas in the White Mountains of New 
Hampshire, and in Maine), and in hilly areas through-
out much of North America, you can find trees. And 
for 45+ years, the ASRC’s members have belayed quite 
a few litter patients uphill using tree belays, and there 
are no reports of any problems catching falls. And tree 
belays are so, so simple. You need a litter and litter team, 
a rope, a belayer with a pair of gloves, and a tree. Not 
much equipment. 

You simply pick a tree, stand uphill a bit from the 
tree, with your back to it and the rope across the small 
of your back, then back around the tree a time or two. 
There is no need to tie in or wear a harness, as the tree is 
taking the load for you.

You do need to take care in picking a tree, even more 
than as discussed in Anchors, below. You need a tree 
that is big enough around to give you adequate fric-
tion, which means at the smallest 8 or 9 inches (18-20 
cm) in diameter. And you need a tree whose bark can 
withstand the friction of the rope around it without 
(1) rubbing through the bark to the slippery wet wood 
underneath, losing your friction and coating your rope 
with sticky sap, and (2) killing the tree and getting the 
local forest-protection people pissed at you, as has 
happened. That means a hardwood deciduous tree, not 
a softwood coniferous pine, spruce, fur or eastern hem-
lock tree with needles. A big old oak is ideal. 

There is one “trick” worth considering at this point: 
using your preferred belay hand. If you’re right-handed, 
your right hand and arm are a bit stronger, so you will 
probably want to belay using your right hand as the 
braking hand. Depending on the terrain right around 
your belay tree, this may influence which side of the tree 
you run the rope: looking uphill, if you run the rope 
on the left side of the tree, then as you back around the 
uphill side of the tree, your right hand will naturally 
become your braking hand. If for some reason you have 
to route the litter on the right side of the tree, you can 
take the bight of rope around you off over your head, 
twist once to form a loop, and flip that back over your 
head so that you are in the middle of the loop. That way 
can use your right hand as your braking hand. The twist 
you introduce is not dangerous and should cause no 
problems.

Assume you have the rope in your hands, and run-
ning across your lower back under your back, and back 
around a tree enough to hold a fall. If there’s enough 
friction around the tree to take a fall, there’s enough 
friction that you won’t be able to pull up the rope. 
Problem. 

Solution? We need not just one Belayer, but two, 
dividing the duties between them. If we called them 
both the Belayer, things would get confusing. So we 
call the person who backs around the tree and is in 
traditional hip-belay stance the Belayer. And if you’re 
person who helps by pulling up the rope? You’re the 
Downhill Ropehandler. Why “downhill”? Because 
the Uphill Ropehandler has the end of the rope and 
is walking uphill, looking for the next belay tree. 

As the Downhill Ropehandler, you have two 
important jobs. 

The first job is to pull up the rope, since the belayer 
can’t. This sounds simple, but it’s not. In a traditional 
one-person belay, the rope between the belayer and the 
climber (or litter captain) not only provides a belay, it 
serves as a communications device. 

There is a reason we speak not only of a belayer’s 
“brake hand” or “braking hand” but also of the “feel-
ing hand.” With your feeling hand, you are continually 
pulling gently on the rope to see if you should pull out 
more of the slack. Slack in the belay line is bad. It means 
if the climber or litter falls, then they might fall enough 
to go splat, at least a little bit. On the other hand, you 
don’t want to pull so hard that you pull the climber off 
of his or her holds, or pull over someone on the litter 
team, or be so tight that the climber or litter can’t move 
sideways or even down just a bit. (Yes, there is a call 
“Tension!” that may be used by climber who is about 
to fall, but that’s different.) But if you are insulated 
from the litter by the rope going around the tree, your 
feeling hand is simply not going to feel the litter. That’s 
where the Downhill Ropehandler comes in. The 
Downhill Ropehandler pulls in the rope, making 
sure that there is no slack between the tree and the litter. 
But wait, it’s even more complicated than that. What if 
the Downhill Ropehandler pulls in the rope faster 
than the Belayer can take it up? Then there is a pile 
of slack between the two. Which means that the litter 
captain sees a taut belay rope, and thinks that there is a 
good, tight belay. Whereas if the litter slips, suddenly all 
of that slack gets pulled out before the belayer catches 
the fall, and the litter falls a long way. Ouch. 

So, when using this kind of belay, you as the 
Downhill Ropehandler must not take in rope 
faster than the Belayer can move it through. 

The second job when you’re the Downhill 
Ropehandler is to not lose any of your fingers. This 
is somewhat incompatible with the first job, in that to 
protect your fingers, you have to pull up the rope in an 
awkward way. 

Never get your fingers between the rope and the 
tree. If you do, you may lose those fingers.
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Just think. What happens if your fingers suddenly get 
crushed between a tree and an 11 millimeter object that 
has the weight of seven people suddenly pressing on it? 

See the sidebar on Finger Amputations on page 159 
for more about how to deal with a crushed or amputated 
finger.

So how do you protect those precious fingers? Well, 
you wear leather gloves, which provides some minor 
protection against abrasions. But no protection at all 
from a massive crush injury.

So what you do is to grab the rope between your 
thumb and the radial (thumb) side of the proximal 
interphalangeal joint (the middle of the three knuck-
les) of your index finger. Look at the picture Downhill 
Ropehandler Finger Position on page 146. In simpler 
terms, you use the knuckle of your index finger and your 
thumb, not the finger itself. 

This way, if the rope suddenly tightens against the 
tree, it snaps out of your hands, rather than whapping 
your fingers against the tree and crushing them to a 
bloody pulp. It’s not easy to do this. It takes practice. 
Practice with someone on the end of the rope (just a 
single person) who repeatedly simulates a fall by pulling 
on the rope. The pull should not be enough to seriously 
crush a finger, but enough to bruise it and make it hurt 
for an hour or two. Pain is a very good teaching tool. 

Now, for the Belayer: while catching a fall while 
tree-belaying a litter, there are tricks that will help you 
do a better job of holding such a fall. First, foot position: 
your foot that is nearest the tree should be forwards. 
Why? A fall will pull you into the tree and this will brace 
you and keep you from falling over.

Second: if you are doing a tree belay, and you catch a 
fall, and you’re not able to entirely hold it – the rope is 
continuing to slip a bit – what do you do? You should 
move further around the tree. This requires a bit of prior 
planning. You need to position yourself so that you can 
easily move further around the tree so that more of the 
rope is rubbing against the tree. This means that the 
rope to the litter should not block you from moving 
around the tree. Even if it’s a bit too much friction, it’s 
probably a good idea to step across the rope so you have 
room to move. It’s also nice if you can step downhill to 
increase friction around the tree, but that’s not always 
possible. 

If you’ve got to get a member of your team up or 
down a steep/slippery slope, and you have a rope, I’ve 
seen people use a tree belay to belay someone down into 
a ravine instead of them rappelling down. However, it’s 
easier to use a French Arm Rappel in such situations, 
at least if it’s cold enough that people have two or more 
layers of clothing on their arms. And a French Arm 
Rappel is a “see one, do one, teach one” type of skill: it’s Tandem Prusik Belay Setup

Rope on the left side leads to the litter; for a raise, you take in the rope on the right.

 

M a k i n g  Ta n d e m  P r u s i k s

SAR people argue about how long a Prusik loop should be. And what 
thickness it should be. And what color the Prusiks should be. I suppose 
it makes sense to have the two different sizes you need different colors, 
but it really doesn’t matter. 

You won’t go wrong if you make your Prusik loops 5’ (60”, 153 cm) and 
4’ 2” (50”, 127 cm). For thickness, you want larger as larger is stronger 
and you want smaller (maybe 3/4 of the size of the rope you are going 
to put them on) so they grip well. You can (and should) buy rope specifi-
cally designed for Prusiks: it really does work better than generic acces-
sory cord so you can use thicker cord. If you use special Prusik cord, 8 
mm is a good size to use on our standard 7/16” (11 mm) rope. 

One brand that I have personally used and am very happy with 
is 8mm ACCESS Prusik Cords at https://www.rescuetech1.
com/8mmprusikcords.aspx, though there are many brands.

8mm ACCESS Prusik Cords
8mm ACCESS Prusik Cords
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absurdly easy to learn and do. (See French Arm Rappel 
on page 164 for how to do it.) 

What if you’re in an Alpine area in New England, or 
say at Spruce Knob or Dolly Sods in West Virginia, or a 
Southern Appalachian bald, where the trees are only as 
high as your knees? Well, as discussed in the section on 
anchors, you might be able to take one or more pieces of 
webbing, put girth hitches around three of those small 
trees or some hardy-looking bushes, or maybe include 
a very large rock, connect them with a custom-fitted 
Frost Knot, and fashion a reasonable anchor. But, as we 
already discussed, you can’t use a sitting hip belay tied 
into this anchor, or a Münter hitch. So what can you 
use? 

You could use the Traverse CMC 540° device we 
mentioned earlier. A Super Münter hitch would be ideal 
in such a situation. A Super Münter may or may not 
be adequate for a full-0n technical rescue, but it works 
quite well for most semi-tech evacs.

An alternative would be to do:

Belaying with Prusiks 
 Field II 

Even if you don’t do technical rescue yourself, you may 
end up at the scene of a technical rescue. You will be 
pressed into service. Your choice will likely be (a) be 
semi-skilled labor on the haul team or (b) a belayer. If 
you know how to belay, you may get to avoid being on 
the haul team. If this sounds like a plus to you, then 
learn how to belay for a technical rescue. It’s not hard. 
Let me clarify. It’s a bit tricky to learn, but not hard to 
do once you’ve got it down. And some steep semi-tech 
evacs are steep enough that the Rescue Specialist 
may want a separate belay line, belaying with Prusiks.

There is pretty good evidence that tandem Prusiks 
– two of them, one loop slightly longer than the other 
to separate them on the rope – are better than a single 
Prusik as a belay.1

This section describes how to do it with a separate 
belay line; the two-tensioned rope technique is dis-
cussed in One Line or Two? and Two-Tensioned Lines on 
page 160. 

There is no perfect belay for a rescue load. A perfect 
belay would allow the belayer to rapidly and easily 
switch from “Up Rope!” to “Slack!” yet would always 
be able to catch and hold a rescue load, such as a litter 
with patient and two tenders (say 200 kg) falling with a 
fall factor of 0.3, falling a meter on three meters of loose 
rope. This, in fact, is the the British Columbia Council 
of Technical Rescue (BCCTR) Belay Competence Drop 

1 http://itrsonline.org/slow-pull-testing-of-progress-capture-devices/

Test Method (BCDTM), which then led to the ASTM 
2436-14 standard.2 To pass, the maximum impact force 
must be less than 15 kN (3.340 lbs)3 and the litter must 
slide less than a meter. Only two methods have been 
formally tested and passed this test: Tandem Prusiks 
and the 540° Traverse Rescue Belay device from CMC. 
Slow pull testing suggests the Petzl Rescucender, Petzl 
I’D and CMC MPD might pass this test.4

Some say we need to test bigger loads (300 kg), some 
say we need to test a failure on a longer length of rope. 
We need more such testing, and a good place to publish 
such test results so they are available to all and sundry. 

The perfect belay needs to do a good job of “catch-
ing” the fall: the litter should not fall very far before it is 
caught. But it must not be too good at catching the fall; 
the litter needs to fall a little bit, dynamically decreas-
ing the impact force, both to protect the anchor and to 
protect those on the end of the rope. But not so far that 
those in or tending the litter get hurt.

Many rappel and ascending devices have been tried 
as a belay for a rescue load, and have failed.5 Some, 
particularly ascenders, have failed miserably and spec-
tacularly, with shredded rope ends flailing about and 
ascenders exploding (just search YouTube). 

The Super Münter hitch shows promise, but has not 
yet been validated in scientific testing, nor has it been 
widely-adopted enough for it to become a standard 
technique. But it shows promise; stay tuned.

Many are working on mechanical devices, some of 
which, such as rappel racks rigged upside down, or the 
540° Rescue Belay device, or dual Black Diamond ATCs 
rigged in a special and complex way, have been tested 
and used in limited practice, but each has limitations. 
The new multi-purpose devices that both belay and 
lower are discussed in Multipurpose Devices on page 
136. 

2 https://www.astm.org/Standards/F2436.htm
3 During World War II, the US Army, looking to the safety of airborne 
troops on their parachutes, found that a sudden impact force of 12 
kN (2700 lbs) would injure most men. (Yes, it was men, not women.) 
The US OSHA recommends maximum force of 8 kN (1800 lbs.). The 
BCDTM of 15 kN (3400 lbs.) is divided among the patient (6 kN = 
1350 lbs.), one litter tender (6 kN = 1350 lbs.) and a bit left over for the 
equipment.
4 http://itrsonline.org/slow-pull-testing-of-progress-capture-devices/
5 The classic article about this is John Dill’s two-part “Are You Really 
On Belay?” in the summer and fall 1990 NASAR Response magazine, 
and reprinted in the NSS Vertical Section’s newsletter, Nylon Highway, 
No. 32, June 1991, available at http://caves.org/section/vertical/nhback/
NH32.pdf. John tested many common-at-the-time “belays” with a 
static 200 kg load, and all failed. Of interest, he tested a Münter hitch, 
which failed the test, and then a Münter hitch with “the high friction 
variation” (? Super Münter) which passed with old fuzzy rope but not 
with new slippery rope. 

http://itrsonline.org/slow-pull-testing-of-progress-capture-devices/
https://www.astm.org/Standards/F2436.htm
http://itrsonline.org/slow-pull-testing-of-progress-capture-devices/
http://caves.org/section/vertical/nhback/NH32.pdf
http://caves.org/section/vertical/nhback/NH32.pdf
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Despite its limitations, the 
accepted standard technical 
separate belay these days is called a 
Tandem Prusik belay. 

To set up a Tandem Prusik belay, 
rig to a bombproof anchor; if it’s 
a tree, use a modified basket hitch 
or a wrap-3 pull-2 with 1” tubular 
webbing. 

Clip a pre-tied load-releasing 
hitch to this, or tie one on the 
spot. (We reviewed how to tie a 
load-releasing hitch in the sec-
tion Load-Releasing Hitch on page 
125.) This serves to lower the lit-
ter a tad if you need to when it gets 
stuck and the Prusiks are set. It 
also serves as a shock absorber; see 
Safety Factor and Shock Absorbers 
on page 140.
• First, tie a long Prusik loop and 

a short Prusik loop onto the 
rope leading to the load. This 
is a rescue application, so use 
three wraps for each Prusik. 

• Next, clip the two Prusik loops 
into the load carabiner (lower 
biner) of the load-releasing 
hitch.

• Then, twist to open the sheaves 
(side plates) of a rescue pulley 
and put it on the rope on the far 
side of the rope from the load; 
rotate the sheaves back into 
position, and then clip the pul-
ley to the same load (bottom) 
biner on the load-releasing 
hitch as the Prusiks. 

Usually a SAR team that does 
technical rescue will have a kit 
made up with properly-sized 
Prusiks for a tandem Prusik belay. 
If you need to make up such a 
set, how you make them is in the 
sidebar Making Tandem Prusiks on 
page 148.

If your pulley were a Prusik-
minding pulley, then theoretically, 
all you have to do then is pull 
rope in, trusting that the Prusik-
minding pulley will make sure 
that the Prusiks catch if and only 
if there is a fall. Of course the 

Prusik would catch if you needed to pay out rope, but 
you could hold onto the Prusik with one hand to keep it 
loose as you pay out rope. 

There have been reports of failure with this system. 
But, in 2009, as reported by Mark Miraglia in a paper 
at the 2010 International Technical Rescue Symposium, 
he and his colleagues did 23 tests of their system (year-
old 11.5 mm New England KM III static rope, 4-year-
old Sterling sewn 8 mm nylon kernmantle Prusiks, 
Petzl Mini Prusik-minding pulley, 190 kg cargo bag of 
sandbags). They used wet ropes, they used ropes that 
were wet and left out overnight to freeze, they some-
times used Prusiks that were soaked in water, and at one 
point, they deliberately left the Prusiks too loose; they 
even dropped the load when someone was taking in 
rope. In no case did the Tandem Prusik/Prusik-minding 
pulley system fail to catch the load. The only way they 
got a failure was to use two-wrap Prusiks and leave 
them loose; when they dropped the load the Prusiks 
failed and the sandbags cratered (= splat). So, Alaska 
Mountain Rescue Group still uses tandem three wrap 
Prusiks and an untended Prusik-minding pulley for 
belays.1

However, back in 1997, Corvallis Mountain Rescue 
Group did some drop tests (posted on their website), 
but with a heavier load: 300 kg, to simulate a litter with 
patient and two attendants, with a 0.33 fall factor of one 
meter. Although the tandem Prusiks all held in their 
prior 210 kg drop tests, they all failed with the 300 kg 
load.2 

Maybe this means that litter tenders all need to go on 
a diet.

We have nothing that is known to be better for hold-
ing 300 kg loads except for the multipurpose devices 
discussed in Multipurpose Devices on page 136, which 
are better in the sense of being able to switch from raise 
to lower at the flick of a switch. Luckily, this chapter 
is about semi-tech evacs, and if you’ve got a 300 kg 
load free-falling on your semi-tech evac, you’ve badly 
misjudged the slope of the hillside. For semi-tech evacs, 
you can have solid confidence in the ability of tandem 
three-wrap Prusiks to provide a reliable belay. 

Tandem Prusiks: Belaying Lowering
 Field II 

Over the past decade or two, a standard method has 
evolved for paying out rope through tandem Prusiks 
during a lowering. This is for when you are belaying a 

1 http://itrsonline.org/PapersFolder/2010/Metz2010_ITRSPaper.pdf
2 http://www.corvallismountainrescue.org/rigging/drop-tests/july97-
testing.drop-tower.html

Tandem Prusik Belay for 
Lowering: Hand Position 1

Tandem Prusik Belay for 
Lowering: Hand Position 2

Tandem Prusik Belay for 
Lowering: Hand Position 3

http://itrsonline.org/PapersFolder/2010/Metz2010_ITRSPaper.pdf
http://www.corvallismountainrescue.org/rigging/drop-tests/july97-testing.drop-tower.html
http://www.corvallismountainrescue.org/rigging/drop-tests/july97-testing.drop-tower.html
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lowering that is done on a very steep semi-tech evac or a 
technical rescue. You won’t be using this on a semi-tech 
evac unless it’s very steep, but if you’re belaying for a 
very steep semi-tech or a vertical rescue, and not using a 
multipurpose belay/lower device, you need to have this 
down cold.

In paying out rope through tandem Prusiks, there are 
conflicting principles that needs to be balanced. If the 
litter falls, you don’t want too much slack in the line. On 
the other hand, you need some slack in the line, or the 
Prusiks will keep seizing, you’ll have to untension the 
belay line using the load-releasing hitch and then unset 
the Prusiks. Over and over. So, as in Zeno’s Paradox, 
perhaps the litter will never reach the bottom of the 
cliff. Or maybe you’ll just run out of rope in the load-
releasing hitch. 

So, to balance these two conflicting principles, you 
need to pull slack through the Prusik, and have just a 
little bit of slack in the line, but all the time. How much 
is a little bit of slack? Depends on who you ask – there 
is no one right answer, at least in scientific terms. But 
informed opinion says you need to keep a maximum 
o 12” (30 cm) of slack in the line. And, over the past 
decade or two, a standard method for performing this 
technique has evolved, and is described in an online 
paper called Considerations for Rope Rescue in 2016 by 
Ken Laidlaw.1 Despite its modest title, this is a major ref-
erence for anyone doing technical rescue. He describes 
the technique there, and we will attempt a different 
description of it here.

Take a look at this video first to get some idea 
of the technique: https://www.youtube.com/
watch?v=IdAkcjYVsjg.

You stand, or more commonly kneel, at the tandem 
Prusiks. You wear leather gloves. You place your uphill 
hand on the lower Prusik – the Prusik closer to the litter. 
You place your downhill hand on the rope itself, even 
closer to the litter. 

Your thumbs must be pointing away from you; you 
hold the rope only with your fingers and palm. The 
amount of rope between the little finger of one hand and 
the little finger of the other hand should be up to about 
12” (30 cm) but never more than this. 

As you pay out the rope, you use a particular 
sequence, over and over again. The sequence is as 
follows. Unlike the regular waltz rhythm of “up rope” 
while belaying a climber, this is series of twos, with the 
two beats always taking the same amount of time, but 
the time between those paired beats sometimes vary-
ing widely depending on how fast the litter is moving. 

1 http://sarconsiderations.com/documents/Considerations%20for%20
Rope%20Rescue%20-%20042216.pdf

Not The Beautiful Blue Danube but something more like 
Stravinsky’s Rite of Spring.2 

You fix your downhill hand on the rope, then pull 
about 12” (30 cm) of rope through the Prusik in your 
uphill hand. (That 12”=30 cm is from little finger to little 
finger.) With that uphill hand, you’ll have to push the 
Prusik uphill, towards the anchor, just a wee bit to keep 
it from seizing on the rope. 

Next, you grip the rope with both hands, and bring 
your hands together, thumbs up, so that there is a 12” 
(30 cm) bight between them, pointing away from you. 
You slowly loosen the downhill hand and let the bight 
start slipping through, pulled by the weight of the rope 
and litter. When the bight is almost gone, you fix your 
downhill hand on the rope, use your uphill hand to 
push the Prusik uphill just a bit, and pull out another 12” 
(30 cm) of rope. You then bring your hands together as 
before, and repeat.

One other advantage of this loop technique: it also 
lets you know how fast the rope is going out, which is 
hard to tell with single-color rope or if it’s after dark.

As you pull through rope for your bight, your hands 
will naturally rotate inwards by about 45°. This is OK. 

Why do you keep your hands with the thumbs up? 
One reason: it increases the friction on your gloved 
hands and makes it easier to hold the rope without it 
slipping. It also makes the process less tiring. But the 
main reason is because holding the Prusik at 90 degrees 
makes it more likely to grip under a shock load. John 
Dill did some testing in the late 1980s that showed that 
Prusiks that were loose (meaning you could stick a fin-
ger inside the Prusik next to the rope) would not catch, 
unless the rope bent as it was entering the hitch.3

A sudden load on the belay line will make it instantly 
go taut. This can hurt your hands, badly – we’re talking 
possible fractures here, maybe requiring surgery to fix 
them. There are two things you can do to make this less 
likely.

First, keep your hands always in line with the load. 
Don’t get off to either side. 

Second, some people say you should keep your 
thumbs off the rope. There’s a saying “two thumbs up”: 
as you’re making your loops over and over: keep your 
thumbs pointing straight up in the air. Perhaps a more 
anatomic but less memorable way to say this is that your 
thumbs should never be below the rope. Remember that 
if a fall occurs, the rope will suddenly straighten. This 
“two thumbs up” probably evolved because someone 
hurt their thumbs, but nobody seems to know the 
details, or how serious the injury was. 

2 https://www.youtube.com/watch?v=rP42C-4zL3w
3 http://itrsonline.org/wordpress/wp-content/uploads/2015/03/
OnBelay.Thorne.20071.pdf

https://www.youtube.com/watch?v=IdAkcjYVsjg
https://www.youtube.com/watch?v=IdAkcjYVsjg
http://sarconsiderations.com/documents/Considerations%20for%20Rope%20Rescue%20-%20042216.pdf
http://sarconsiderations.com/documents/Considerations%20for%20Rope%20Rescue%20-%20042216.pdf
https://www.youtube.com/watch?v=rP42C-4zL3w
http://itrsonline.org/wordpress/wp-content/uploads/2015/03/OnBelay.Thorne.20071.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2015/03/OnBelay.Thorne.20071.pdf
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Opinion is divided on the “two thumbs up” vs. “two 
thumbs on the rope.” It certainly is easier to grip the 
rope with thumbs in. Maybe the answer depends on 
the structure of your belay stance. Look carefully at 
where the rope runs out from the pulley. Before you 
start belaying, have someone hold the rope on the uphill 
side of the pulley. Now, suddenly pull the rope from 
the litter end. If the rope whaps against the ground or 
a rock, then maybe you don’t want your thumbs in the 
way. Moving the pulley up a little bit higher, if possible, 
should allow you to belay with “thumbs in” and still not 
lose a thumb if the litter falls, though there is still likely 
some risk of a bad sprain of both thumbs during a fall.

When such a fall occurs, you’re supposed to tighten 
your uphill hand, so that the Prusik tightens. It’s prob-
ably not possible for you to react fast enough, but it’s 
what you’re supposed to do. Luckily the Prusiks seem to 
catch by themselves just fine. 

Some people say that they can’t understand why the 
Prusiks are on the load side of the pulley. Think about it 
this way. This is quite different from a sitting hip belay, 
or a Super Münter belay, because your uphill hand that’s 
on the Prusik, controlling it, is your braking hand. Yes, 
it’s on the load side of the pulley. 

If you think in terms of the pulley being the belay 
device, this is just plain wrong. But think about it. Think 
about it some more. No matter how much you think 
about it, a pulley just cannot be a belay device. The pul-
ley is just there to make it easy, in case you have to “up 
rope,” for you to take up rope, by pulling down rather 
than having to pull up through the Prusiks. It also keeps 
the rope nicely lined up with the Prusiks when you’re 
paying out rope. 

Tandem Prusiks: Belaying Ascending
 Field II 

Belaying a litter moving up a slope with tandem Prusiks 
is simpler than belaying a technical lowering with tan-
dem Prusiks.

Some say that it’s quite simple. You pull the rope 
uphill through tandem Prusiks attached to an anchor. 
No pulleys, no other hardware. If the litter falls, the 
Prusiks catch. Ken Laidlaw calls this the “manly” 
method. That’s because hauling up the rope this way 
takes a lot of upper body strength and is quite tiring. 

But most people prefer Ken’s “wimpy” method: pull-
ing the rope through a pulley. This means you can pull 
down on the rope, through the pulley, to “up rope.” For 
semi-tech evacs, where the litter may be moving uphill 
fairly fast on the easier bits of the slope, the wimpy 
method is a best practice, as it allows you to “up rope” 
faster. 

Tandem Prusik Belay “Up Rope” Hand Position

 

S o f t ,  t h e n  H a r d

Some people say you should place the Prusiks and pulley on the cara-
biner in this order: short Prusik, long Prusik and then pulley. This places 
the Prusiks, the short Prusik in particular, which is most likely to take a 
shock load, next to the stronger (non-gate) side of the carabiner. There 
seems to be a natural tendency to put the pulley on first, even though 
it makes more sense to put the Prusiks on first so they are closer to the 
strongest side of the carabiner, so we need to combat this. Thus, the 
mantra “soft, then hard.”

However, in trying to put the short Prusik first, I’ve found the long one 
almost always slips over the short Prusik on the carabiner, resulting in 
Long, Short, Pulley. Given the short Prusik is tied onto the main rope 
closest to the pulley, it’s natural for it to gravitate to next to the pulley 
even if you put it on first. If someone has evidence (not anecdotes) to 
support a particular order of the short and long Prusiks, please let me 
know. 

It’s also traditional to make sure that the Prusiks are oriented the same 
way. I am aware of no data or even any good anecdotes to support this, 
but neatness counts, and standardization is good. 
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There is some discussion – I’ll not call it dissension 
– in the tech-rescue community about what kind of 
pulleys to use for such belays. 

The problem is that, once upon a time, tandem 
Prusiks and a Prusik minding pulley (without a Prusik-
minding human) failed a drop test (reported in John 
Dill’s 1990 article). When repeated the same exact 
way, the tandem Prusiks held.1 As discussed above, 
Alaska Mountain Rescue Group did its own testing 
and, convinced of the safety of tandem Prusiks and an 
unattended Prusik-minding pulley, use this system for 
belaying an ascent. Others, such as Ken Laidlaw, suggest 
that using a non-Prusik-minding pulley gets the Prusik 
closer to the center of the pulley, and thus is more likely 
to catch on the rope in the event of a fall. Without a 
Prusik-minding pulley, though, a human has to keep 
a hand on the Prusik to prevent if from binding as the 
rope is pulled up. 

There is not enough evidence to say that one of these 
two conflicting viewpoints should rule. For belaying a 
semi-tech ascent, either tandem Prusiks with a Prusik-
minding pulley, or tandem Prusiks with a non-Prusik-
minding pulley but with a human hand on the Prusik 
next to the pulley, are acceptable. Perhaps human 
hands and a Prusik-minding pulley, as shown, is a best 
practice. 

Whistle Test 

People deep into technical rescue talk about the “whistle 
test.” The idea is that when you evaluating a team doing 
a vertical rescue, you randomly blow a whistle and 
everyone lets go of whatever they are holding and the 
system should not fail.

While using such systems is an ideal, the whistle test 
seems a bit unrealistic. Unless you’re hit by lightning or 
or an avalanche or a Sarin gas attack, a more realistic 
test is to suddenly disable a randomly-chosen member 
of the rescue team simulating, for example, a rockfall 
onto someone’s arms, and then see how the rest of the 
team copes.

1 “Are You Really On Belay?” in the summer and fall 1990 NASAR 
Response magazine, and reprinted in the NSS Vertical Section’s news-
letter, Nylon Highway, No. 32, June 1991, available online.

Belay Calls 
 Field II 

Belay calls are the same for belaying a climber or belay-
ing a litter, and this is as it should be. There’s a slight 
difference for belaying a rappeller. 

Remember the rule: “the belayer always says the 
word belay first.” So: belayer says “Belay On!” And the 
climber, or litter captain, or rappeller, says “On Belay!” 
Some climbers and cavers say that the right call is not 
“On Belay!” but “On Belay?” with that upward tonal 
inflection at the end, meaning that it’s a question: “are 
you on belay yet?” (Who says English is not a tonal 
language?) 

But the ASRC and all right-thinking people instead 
know, deep in their hearts, that “On Belay!” is the only 
proper call: “I am on the rope and ready for you to belay 
me.” It’s a statement, not a question. If that’s so, then 
the inescapable conclusion is that the belayer and the 
belayee (is that a word? now it is) can exchange these 
calls in any order. 

“Belay On!” means “I am in a proper belay stance, 
and I am now ready to take your fall if it happens.” 

At the end of the climb, litter-carry, or rappel, though, 
there is a irrevocably set order. The belayer should never 
say “Belay Off!” until they belayee is secure and 
doesn’t need a belay any more. Even if you’re standing 
right next to the other person, you exchange the calls. 
And, to improve situational awareness for all at the 
scene, you exchange your calls loud and clear!

So, at the end of the climb, carry or rappel, the 
belayee first says “Off Belay!” meaning “I am no lon-
ger expecting you to catch me if I fall.” It doesn’t mean 
that you’re necessarily disconnected from the rope; we 
have a separate call for that: “Off Rope!” That means 
that you, or the litter and litter team, are disconnected 
from the rope. 

If you’re belaying a litter up the hill, and you are 
the Belayer, when the litter gets to your tree, you 
receive an “Off Belay!” from the Litter Captain 
(again loud and clear for the situational awareness of 
those farther away). You then step out of your belay 
loop, clear the rope loop from around the tree, and 
then call “Clear!” This is the signal for the Uphill 
Ropehandler to quickly back around the tree and get 
into belay stance and call “Belay On!”

Among teams who practice these procedures regu-
larly, it is a matter of pride that is is only a matter of a 
few seconds between that “Clear!” and the subsequent 
“Belay On!”

It’s also a matter of pride for the Belayer to say 
“Belay Off! … Clear!” in a single breath. Perhaps 
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this is a good time to bring up one of those usually-
harmless but quite embarrassing things that sometimes 
happens when you’re belaying a litter uphill. When 
you transition from being the Uphill Ropehandler 
to the Belayer, it is very important to keep the lit-
ter’s path in a straight line. That is, you do not want to 
call “Belay Off! … uh … uh … uh-oh … sorta 
clear” because the rope is now looped around the tree, 
and because The Litter Captain is now throwing hands-
ful of mud at you because the litter has to go completely 
around the tree before heading on uphill. So, in your 
haste to transition from the Uphill Ropehandler to 
the Belayer, make very, very sure that the rope coming 
up the hill and the uphill end of the rope stay on the 
same side of the tree as you back around the tree. Ideal 
is to have the new Uphill Ropehandler take the end 
of the rope and hold onto it as you back around the tree, 
so it can’t possibly end up tied around the tree, but usu-
ally the new Uphill Ropehandler is still on his or 
her way up from the prior belay tree.

The other use of a call similar to “Clear!” is when 
you have finished rappelling, gone off belay, and 
unclipped from rope. This means someone at the top 
can pull up the rope to rig in to rappel on the same line. 
The call is “Off Rope!”

Speaking of “the same line” you may have multiple 
static lines/fixed ropes rigged on a cliff or into a pit. If 
you have different color lines, it’s easy to expand the 
calls a bit to avoid confusion:

“On Belay Red Line!”
“Off Rope Blue Line!”
This is an argument for having ropes that are all dif-

ferent colors. I’m not being facetious: I think different-
color ropes is a best practice and may well prevent a 
fatal accident someday. 

If all of your ropes are the same color, you can num-
ber them from left to right, looking up from the bottom 
of the cliff. This is going to be more accident-prone: 
what if you add a new rope on the left? Does everyone 
get that you’ve renumbered them?

“On Belay Line One!”
“Off Rope Line Three!”
In addition to “Belay On!” and “On Belay!”, and 

“Off Belay!” and “Belay Off!” and “Clear!” and 
“Off Rope!”, there are a few other standard calls used 
during belaying.

“Rock!” refers to any object other than a rope (for 
which the call is “Rope!”) that is traveling downwards 
and might hurt someone below. This applies not only 
to vertically free-falling objects, but to big things that 
might hurt someone rolling downhill. The proper 
response is not to look up. but to hunch your neck, 
bringing up and tightening your shoulders to protect it. 

This is a fairly instinctive response; you just have to get 
rid of that other instinctive response to look up.

If you’re carrying a litter and someone calls “Rock!” 
you have an additional responsibility to protect your 
patient. You bend over the litter, protecting the patient’s 
vulnerable belly with your helmets, your packs, and 
your strong backs. (If you don’t have a strong back, you 
probably shouldn’t be carrying the litter.)

Anther standard call is “Falling!”; it is considered a 
distinct lack of savoir-faire and sangfroid to instead call 
“AAAAIEEEE!”

There are a few other calls that are commonly used 
in belaying a climber or a litter, though they don’t 
make sense, except maybe “Tension!” when you’re 
bottom-belaying.

“Up Rope!” is a call from the climber or the Litter 
Captain. It’s used in two contexts. Right after the 
belayer and the Litter Captain have exchanged 
their “Belay On!” and “On Belay!” calls, it’s com-
mon for the Litter Captain to immediately say “Up 
Rope!” and the Belayer to echo “Up Rope!” It’s not 
really necessary, but people do it all the same, and it’s 
not wrong. Climbers instead tend to call “Climbing!” 
which also is a bit of politeness that’s not required. 
Sometimes the belayer even responds with “Climb 
Away!” which to me just sounds like an excess of 
politesse.

“Up Rope!” is also used when you are climbing, and 
you see slack developing in the rope. If you are climb-
ing fast, or carrying the litter uphill fast, maybe the 
Belayer just can’t take up rope fast enough. In which 
case, it is not considered polite to call “Up Rope!” “Up 
Rope!” “UpRopeUpRopeUPROOOPE!” like a three-
year-old throwing a tantrum. If you are indeed getting 
ready to fall, a more proper call is “Tension!” which 
not only means for the Belayer to pull up on the rope 
firmly, but without jerking, it also describes the psycho-
logical situation of the climber or the litter team. 

In sport climbing, “Tension!” is reserved for total 
wimps. Or at least that’s the prevailing attitude. But dur-
ing a rescue operation, “Tension!” is a legitimate call; 
if a little tension from the belayer may help prevent a bit 
of a fall, that’s all to the good and not, in this situation, a 
sign of wimpiness. After all, rescue is a team sport, not 
an individual sport like sport climbing, and anything we 
can do to make the overall operation safer, faster and 
more effective is fair game.

Slack in the belay line might well mean the Belayer 
can’t take in rope fast enough. This is common when 
you’re using a tree belay for a litter, and the belaying job 
is shared between the Belayer and the Downhill 
Ropehandler. If the patient is light, the day is pleas-
ant, the litter bearers are fresh and strong, and the slope 
is not steep, it’s quite possible for the litter team to 
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“overclimb the belay.” There is one simple solution: the 
litter team just has to slow down. 

“Slack!” means just that. When the Belayer hears 
this, the Belayer echoes “Slack!” and pays out a foot 
or so of rope. A climber or the Litter Captain may 

call for “Slack!” to downclimb a bit to choose a differ-
ent route or to negotiate some sort of obstacle.

“Slack Three Feet!” or similar is sometimes used, 
and is acceptable, but in noisy environments might not 
be well-understood. 
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Rope Team Rotation: Uphill 

 Field II 

The key to efficiency in any evacuation is to keep the lit-
ter moving. The challenge in any evacuation is pre-plan-
ning and practicing and maybe even having someone 
scouting the route and pre-rigging anchors so you can 
keep the litter moving.

Sometimes, for example during a cave rescue, it 
requires multiple teams to pre-rig a route, placing 
anchors such as bolts, starting an hour or two before the 
patient is likely to arrive at a difficult point. But for the 
majority of evacuations in the Appalachian Mountains 
and similar areas, there are long stretches where it’s all 
uphill, or all downhill, and there are lots of trees. For 
such areas, we can automate the process.

Given such a scenario, we found it takes a minimum 
rope team of three people to provide belays while 
we keep the litter moving. In fact, we found it takes a 
maximum of three people on the rope team to keep the 
litter moving. More than three just confuses things and 
does not keep the litter moving. We will now review the 
rope team rotations using a tree belay, going uphill. We 
will discuss going downhill later, but not unsurpris-
ingly, the same optimum team of three works for going 
downhill, too. We keep the same names: the Uphill 
Ropehandler, the Downhill Ropehandler, and 
the Belayer, though the duties and locations are a bit 
different going downhill. 

It is worth mentioning a variation for steeper slopes. 
When a slope is quite steep – not so steep that a team 
can’t carry the litter uphill, but almost too steep – a 

tree belay can be awkward. This is the same steepness 
of slope where you would consider mechanical brakes 
instead of treewraps for going downhill.

The problem is that you need so many turns of rope 
around the tree that the Uphill Ropehandler can’t 
pull the rope up the hill, as the friction of the rope 
around the tree is too much. A reasonable alternative is 
to use the technique of tandem Prusiks used for belay-
ing a technical rescue (see under Belaying, above) but 
with a single Prusik. We know from testing by Mike 
Gibbs that a single Prusik will hold a single person with 
a fall factor of 1-1.5, and that slow pull testing of a single 
Prusik shows that it will hold 1500-2500 lbs (6.7-11.1 kN) 
so this seems safe for the loads generated by a semi-tech 
uphill.1 

Assume your patient is in a valley, and the best route 
out is to go straight up the ridge to a wide and almost-
level trail on top of that ridge. Assume further that the 
slope is fairly gentle; enough incline that the litter needs 
a belay, but the litter bearers don’t. Assume further that 
the slope up the trail is 1500 feet (0.5 km) which means 
your 200’ (60 m) rope requires you to switch belays 
every 150’ or so, given the rope used in rigging to the 
head of the litter, and in belays, and the availability of 
good tree-anchors. That means you will have to switch 
belays 10 times during the evac up to the trail. If you 

1 See: Lanyards Part II: An Examination of Purcell Prusiks as Personal 
Restraint Lanyards, International Technical Rescue Symposium 2006, 
and Slow Pull Testing of Progress Capture Devices, by DJ Walker & 
Russell McCullar, International Technical Rescue Symposium 2014.

 ▸ When doing multi-pitch belay of litter uphill, stan-
dard rotation of team of three: Belayer, Uphill 
Ropehandler, and Downhill Ropehandler
 ▸ Rotation: Uphill Ropehandler >  
Belayer >  
Downhill Ropehandler 
 ▸ Uphill Ropehandler: 
 ▸ Head uphill with free end of rope, making sure 
rope does not loop around belay tree
 ▸ Choose good route for litter 
 ▸ Look for tree the next belay

 ▸ Belayer:
 ▸ Put rope above tree in small of back
 ▸ Back around top of tree
 ▸ Belay in a standing belay stance

 ▸ Looking uphill, if run the rope on left side of tree, 
as you back around tree, right hand will become 
braking hand
 ▸ Looking uphill, if run rope on right side of tree, 
and want right hand to be braking hand, take 
bight of rope off over head, twist once into loop, 
put back on over head

 ▸ Downhill Ropehandler: 
 ▸ Feed rope to Belayer around tree
 ▸ Make sure fingers never get between rope and tree
 ▸ As soon as hear Belayer say Belay Off! run 
uphill to become next Uphill Ropehandler, 
grab end of rope and head uphill making sure 
rope does not loop around belay tree

I m p o r t a n t  P o i n t s
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want to keep the litter moving then efficiently switching 
belays is key to keeping the litter moving. 

Occasionally stopping the litter for a minute or two, 
for the medic to recheck the patient, or to tilt up the 
litter for the patient to pee, is OK. But stopping the litter 
10 times during a 1500’/0.5 km evacuation is entirely too 
many opportunities for delay if your goal is to efficiently 
get the patient to definitive medical care and to keep the 
litter moving. If you can cut the time between belays to 
just a minute or so, you can speed the evac quite a bit. 

So, from starting off: the three members of the rope 
team stare at each other until someone says “I’ll take 
the first belay.” This person then becomes the Uphill 
Ropehandler. He or she grabs the end of the rope, 
and heads uphill. He or she can do this even as oth-
ers are still rigging the rope to the head of the litter. 
He or she picks a good route for the litter – no zigzag-
ging between and around trees – because the litter will 
have to follow wherever he or she routes the rope. (In 
training, this is sometimes misused for revenge on 
the Litter Captain. Once I even saw a rope routed 
through a knothole in a tree.)

So the Uphill Ropehandler walks up the hill, 
accompanied at this point by the other two members 
of the rope team, clearing out loose rocks and flipping 
aside downed branches. At about 150’ (50 m) – you don’t 
have to measure this, you can usually see you’re about to 
run out of rope – the Uphill Ropehandler hands off 
the end of the rope to another member of the team. It’s 
sort of a “tag, you’re it”: whoever gets the end of the rope 
becomes the new Uphill Ropehandler. 

Going uphill, it’s quite easy to remember who’s the 
Uphill Ropehandler because he or she always has 
the end of the rope and is heading uphill. 

The previous Uphill Ropehandler then turns 
into the Belayer, backs around the tree the requisite 
number of turns, and calls out “Belay On!” then awaits 
an “On Belay!” call from the Litter Captain. 

The remaining member becomes the Downhill 
Ropehandler and grabs the rope at the uphill side 
of the belay tree – between thumb and index finger 
knuckle only – ready to take in rope as needed. 

The Litter Captain gives the calls “On Belay! 
Ready … Lift! Forwards! Up Rope!” and the litter 
rapidly moves up the 150’ (50 m) to right below the belay 
tree. “Ready … Down!” “Off Belay!” As soon as the 
Downhill Ropehandler hears that “Off Belay!” 
he or she drops the rope, and starts heading uphill, 
ready to become grab the top end of the rope, head 
uphill, and become the new Uphill Ropehandler. 
The Belayer calls out “Belay Off! … Clear!” as he 
or she steps out of the belay loop and quickly clears the 
belay loop from around the tree. The Belayer then 

heads uphill to assist the new Belayer as his or her 
Downhill Ropehandler. The calls go out again:

“Belay On!”
“On Belay! Ready … Lift! Forwards! Up 

Rope!”
“Up Rope!”
…
“Ready … Down! Off Belay!”
“Belay Off! … Clear!”
und so weiter und so fort, over and over, ten times, 

until you reach that nice, wide, flat trail on the ridge. 
Yes, the litter has to stop for long enough for the old 

Semi-Tech Evac, Ascent with Belay: Rope Team Positions
In this configuration, left hand is braking hand.

From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 

`Semi-Tech Evac, Ascent with Belay: Rope Team Rotation
In this configuration, left hand is braking hand.

From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 
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Belayer to get 150’ (50 m) uphill to the next tree belay 
and become the Downhill Ropehandler, but at this 
point, the litter team needs a little breather anyway. It’s 
a lot faster than having to set up 10 separate belays from 
scratch each time, because you have an efficient system, 
and if you’re practiced at this procedure, it works very 
smoothly. 

Practice makes perfect. 
The ideal place to practice is on a slope such as 

described above. But even if practice makes perfect, 
practice doesn’t have to be perfect to be effective. 

You don’t need to have a patient in the litter; you 
don’t even need a litter. All you need is four people and 
a rope. One person can tie a bowline around his or her 

waist (makes it easier to pull harder when you fall) and 
be the Litter Captain. And you don’t even need 
trees. You just need a bunch of vertical anchor-objects in 
a row. Streetlights work quite well, at least as simulated 
anchors. My ASRC Group, Allegheny Mountain Rescue 
Group, meets at UPMC Mercy Hospital. Sometimes we 
go out on the street right outside the ED and use a short 
rope to practice this way, up and down the street. It 
helps that the street is sloped a bit, but you can use a flat 
street and just designate an up and down. Any team that 
does nontechnical and semi-tech evacs would do well to 
schedule such practice on a regular basis. You may get 
some strange looks, but your practice now may save a 
life or a limb later. 
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F i n g e r  A m p u t a t i o n s

The section on tree belays seems like an appropriate place to dis-
cuss finger amputations. Let’s start with some basic principles:

Control bleeding from the finger with direct pressure. 

As with any open fracture in the backcountry, irrigate with high 
pressure clean water. Irrigate the amputated part as well.

You can poke a small hole in a ziplock or other plastic bag and 
fill it with  water to get a high-pressure stream. Make sure you 
protect your eyes, nose and mouth from splashes. 

For a small open fracture like a finger, a half-liter of high-pressure 
irrigation is more than enough. 

Once cleaned, protect the remaining damaged finger: apply 
some antibiotic ointment, dress with sterile gauze or clean cloth, 
and bandage. Pro tip: tincture of benzoin (friar’s balsam in the 
British Isles) on the skin first makes adhesive tape or duct tape 
stick much better, even in the rain.

Avoid using triple antibiotic ointment (e.g., Neosporin) in favor 
of antibiotic ointments such as bacitracin ointment or bacitracin-
polyyixin ointment (e.g., Polysporin).

Bacitracin is available without a prescription at any pharmacy. 
Bacitracin is one of the three antibiotics in triple antibiotic oint-
ment and is strong enough to kill most skin bacteria. But the 
neomycin in Neosporin is famous for causing allergic reactions, 
so bacitracin is better.

Get the amputated part of the finger to the Emergency 
Department with the patient.

 · Wrap the amputated part in sterile gauze or clean cloth, and 
thoroughly dampen with water to keep the flesh from drying 
out. (Sterile saline is better but unlikely to be in a wilderness 
first aid kit.) Put the wrapped amputated part in a clean plastic 
bag to keep it from drying out.

 · “Street” care is to use ice to keep the amputated part cool; but 
if you’re in a wilderness winter situation, don’t pack the ampu-
tated part in snow that might freeze it (frostbite). Keep it cool 
but not frozen. Depending on the air temperature, this might 
require putting it in an inner pocket to keep it from freezing.

The most common finger amputation is an avulsion (ripping 
away) of just the tip of the finger, sometimes leaving the bone, or 
the fractured end of the bone, exposed. 

If the bone is exposed and broken, irrigate as above; if the bone 
is not broken, a quarter of a liter should be enough irrigation. 

Although the ripped-off fingertip can’t be “replanted,” we can 
sew it back on and it might take as a skin graft. Even if it fails as 
a skin graft, it can serve as a biological dressing on the tip of the 

finger for a week or two. 

Any emergency physician in any Emergency Department can 
sew the tip back on, so getting the patient to the closest ED is 
appropriate.

As far as re-attaching whole fingers: this is only done at certain 
tertiary and quaternary (big) trauma center hospitals. And, only 
fingers that are amputated near the base can be re-attached: 
once you get out past the proximal interphalangeal joint (the 
innermost knuckle on the finger itself), the nerves and blood ves-
sels get too small to see even with an operating microscope.

If you have someone with a finger amputation, therefore, it 
would be good to talk it over with a physician even while you’re in 
the field, if just to figure out to which hospital the patient should 
go to. 

Simply sending the patient to the nearest ED just to be trans-
ferred to a tertiary or quaternary care center to try to reattach the 
finger wastes time and makes it less likely the finger will survive.

If you have an appropriate oral (pill) or intramuscular antibiotic 
in your wilderness first aid or medical kit, this is an appropriate 
time to administer it. 

The choice of an antibiotic is beyond the scope of this basic wil-
derness first aid advice, but there is no question about the timing 
for an antibiotic for an open fracture to minimize the chances of 
infection. 

The best time to give the antibiotic is between an hour and 
half an hour before the open fracture, and any delay after this 
increases risk of infection. 

That’s because orthopedic surgeons are in the business of creat-
ing open fractures – sometimes called hip and knee replace-
ments – and there is a vast collection of information about the 
influence of anbitiotic timing on subsequent infection rates. See, 
for example, Stefánsdóttir, A., et al. (2009). “Inadequate timing 
of prophylactic antibiotics in orthopedic surgery. We can do bet-
ter.” Acta Orthop 80(6): 633-638. https://www.tandfonline.com/
doi/abs/10.3109/17453670903316868.

These guidelines are useful for other amputations and open 
fractures.

See https://orthoinfo.aaos.org/en/diseases--conditions/finger-
tip-injuries-and-amputations for more information on fiinger 
injuries.

We hope that reading this will help you be careful with your tree-
wrap and other belays.

https://www.tandfonline.com/doi/full/10.3109/17453670903316868
https://www.tandfonline.com/doi/full/10.3109/17453670903316868
https://orthoinfo.aaos.org/en/diseases--conditions/fingertip-injuries-and-amputations
https://orthoinfo.aaos.org/en/diseases--conditions/fingertip-injuries-and-amputations
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One Line or Two? and Two-Tensioned Lines 

 Field I 

Back in the 1970s and 1980s, we did full vertical tech-
nical rescues with a single rope. Over the next couple of 
decades, we realized it would be safer to add a separate 
belay line. Some of this pressure came from industrial 
and urban fire-rescue, where the benefits of a separate 
belay line far outweigh the costs of carrying another 
line from the fire truck or rescue truck to the scene. The 
costs of carrying the rope and extra equipment for a 
wilderness rescue are significantly higher, and it requires 
more time to rig and more people to operate, but the 
“main line plus a belay line” eventually became the stan-
dard for the wilderness vertical rescue as well. 

But for semi-tech evacs, we still tended to use a single 
line. Then came the question of: when do we need a 
separate belay line for a semi-tech evac? The jury is still 
out on this. But here’s some best-practice type advice.

The choice of a single or two-line system is a judg-
ment that has to be made by the Rescue Specialist at 
the scene, based on considerations such as:
• What is the urgency of the evacuation?
• What equipment and personnel are available? How 

experienced are the personnel? How long would it 
take to get a separate rope and set up a separate belay 
line?

• Will the delay to set up two lines increase risk, by 
making the evac go after dark, or during an oncom-
ing storm?

• Do we have a Radium hitch or other shock-absorbing 

device in the system?
• How steep is the evac route?
• How slippery is the evac route?
• How variable is the angle of the evac: are there some 

6-foot (2 m) drops along this otherwise fairly smooth 
and not-very-steep evac route?

• How exposed is the route? If the rope fails, what is 
going to happen to the litter, patient and litter bear-
ers? Are we looking at maybe a couple of sprained or 
maybe broken ankles, or maybe critical injuries or 
deaths?
For most of the semi-tech evacs in the mid-Appa-

lachian area, the answer is going to be “one rope is 
enough.” If you are going to use tree belays to get up or 
down a slope that is just steep and slippery enough to 
require a belay, you should use one line. 

Not that it proves that this is safe, but the ASRC has 
been doing semi-tech evacs with a single rope, even 
some very steep semi-tech evacs, for over 45 years with-
out any failures or even near-misses with unexpected 
shock loads. The old saying “better is the enemy of good 
enough” might apply here, someone might make a rule-
with-a-capital-R1 that says you have to use two lines for 
all evacs. That would be (a) unsafe, if a team with only 
one rope refused to do an evac on a smooth 35°slope, 
and (b) as the British say, bloody stupid. 

1 See the chapter on Leadership and Followership about rules versus 
best practices.

 ▸ Some semi-tech evacs should be done with two 
lines (ropes), some should be done with one. The 
decision whether to use one line or two should be 
made by the Rescue Specialist, based on consider-
ations such as:
 ▸ What is the urgency of the evacuation?
 ▸ What equipment and personnel are available? 
How experienced are the personnel? How long 
would it take to get a separate rope and set up a 
separate belay line?
 ▸ Will the delay to set up two lines increase risk, 
by making the evac go after dark, or during an 
oncoming storm?
 ▸ Do we have a Radium hitch or other shock-
absorbing device in the system?
 ▸ How steep is the evac route?

 ▸ How slippery is the evac route?
 ▸ How variable is the angle of the evac: are there 
some 6-foot (2 m) drops along this otherwise 
fairly smooth and not-very-steep evac route?
 ▸ How exposed is the route? If the rope fails, what 
is going to happen to the litter, patient and litter 
bearers? Are we looking at maybe a couple of 
sprained or maybe broken ankles, or maybe criti-
cal injuries or deaths?

 ▸ If you decide to use two lines, are you going to use 
one raise/lower line and a separate belay line, or 
use two tensioned lines, both hauling or lowering? 
Either is acceptable but increasingly now two-ten-
sioned-line systems are seen as a better practice: 
better able to prevent shock loads. 

I m p o r t a n t  P o i n t s
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For vertical/technical rescue on a cliff, the main 
danger of shock-loading the system with a high fall 
factor is at the edge of a cliff (see Lead Climbing and 
Fall Factor on page 73). For a semi-tech evac halfway 
down the pitch where the litter team slips and falls, the 
fall factor is going to be much, much smaller, meaning a 
much lower shock load on the system. Too, the mid-
Appalachians are old mountains worn down by millen-
nia of rain, and our rocks tend to be smoother and more 
worn down than in drier areas. This does not mean that 
there are not occasional sharp rocks that could damage 
a rope, just that they are not that common in this area. 
And padding of occasional sharp edges is still important 
even in this area. These argue for the continued safety of 
single-line semi-tech evacs in the mid-Appalachians as 
long as (a) there are no sharp rocks in the area, and (b) 
the angle is not all that steep.

Starting gradually sometime around the turn of the 
century (2000), the idea of using two ropes but with 
both of them used for raising or lowering has become 
more popular. No separate belay line, just two lines with 
either two raising or two lowering systems. Some call 
this a mirrored system, some call it other things, but 
two-tensioned-line system seems to be the winner in this 
terminology battle.

It makes sense. With a separate belay line, if the main 
line fails, and the litter drops a bit,then the belay has 
to absorb the shock load. With a two-tensioned-line 
system, if one fails, there is less drop, less shock load, the 
other line simply takes the entire load.1

A two-tensioned-line system is also easier to rig and 
easier to remember how to use than the “mainline + 
separate belay” system. And, as shown in the picture 

1 See the article “Surprising Lessons from ITRS” about the 
International Technical Rescue Symposium in the Spring 2015 
Mountain Rescue Association Meridian newsletter at https://mra.org/
wp-content/uploads/2016/05/2015SpringMeridian.pdf.

here, if you are doing a raising, and your two anchors 
are close, you can have one haul team haul on both lines 
at the same time.

There is now a fairly well-established consensus that a 
two-tensioned line approach is a best practice.

Why, you might ask, is this in a chapter on nontech-
nical and semi-tech evacs? 

Well, it is still standard for most semi-tech evacs to 
use a single line system. But if it’s steep enough, maybe 
45° or more – and there aren’t enough trees or bushes to 
stop the litter and the litter bearers if the rope fails, and 
thus there is a major life-safety danger – then maybe 
two tensioned lines, even if they’re both tree belays for 
going downhill – might be appropriate.

Another reason to learn about dual lines: even if 
you’re not a vertical rescue type, there may be such 
people in your SAR group, or in another group with 
which you’re working. And if you have a cliff rescue, 
they are likely going to be over the cliff or at the edge, 
and leaving you deal with the lines above.

For a detailed discussion of dual-tensioned rope sys-
tems, see Dual Capability Two Tensioned Rope Systems 
by Kirk Mauthner2 and Two Tension or Not to Tension by 
Mike Gibbs and Kevin Koprek.3 

The rise of multipurpose devices, including ones that 
are relatively light such as the Petzl I’D, probably means 
that the days of two lines with one being a separate belay 
line are numbered. But you don’t need a multipurpose 
device to use two tensioned lines. All you need is two 
ropes to attach to your litter. You can use two tree wraps 
if you need to.

2 http://itrsonline.org/wordpress/wp-content/uploads/2016/11/
Mauthner-Presentation-ITRS-2016-v2.pdf
3 http://itrsonline.org/wordpress/wp-content/uploads/2019/11/Two-
Tension-or-Not-to-Tension_Koprek_2019.pdf

https://mra.org/wp-content/uploads/2016/05/2015SpringMeridian.pdf
https://mra.org/wp-content/uploads/2016/05/2015SpringMeridian.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2016/11/Mauthner-Presentation-ITRS-2016-v2.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2016/11/Mauthner-Presentation-ITRS-2016-v2.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2019/11/Two-Tension-or-Not-to-Tension_Koprek_2019.pdf
http://itrsonline.org/wordpress/wp-content/uploads/2019/11/Two-Tension-or-Not-to-Tension_Koprek_2019.pdf
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N o n t e c h n i c a l  a n d  S e m i - Te c h  E v a c  C a l l s
There are no national standards for rope rescue calls or position names, only SUDOT for whistle signals (1 long: Stop, 2 short: Up, 3 short: Down, 4 
short: Off rope/rope free, continuous: Trouble/help; short is 1 second, long is 3 seconds: https://www.astm.org/Standards/F1768.htm). The system 
below is (a) internally consistent, (b) complete, (c) has a minimum of terms, (d) aligns with ~50 years of ASRC traditions and publications. ASRC 
tradition and best practice is that calls are statements and not questions. For example, on a line search, when we pass the call down to the right 
end, “Ready Right!” we are not asking “Is the right ready?” Instead, we are saying, “Get ready, right!” Similarly, the call “On Belay!” does not mean, 
“Belayer, are you ready?” It means, “Belayer, I’m on the end of the rope and ready to be belayed.”

Belay On! From Belayer to Litter Captain, or a climber, or a rap-
peller. I am now belaying you. 

Clear! By the Belayer during semi-tech evacuations, uphill or down-
hill. The rope is clear of the tree or belay device and ready to switch 
over to the next tree or belay device. 

Down Fast! From Litter Captain to Belayer. Lower the litter down 
faster. Belayer echoes. 

Down Slow! From Litter Captain to Belayer. Lower the litter 
slowly. Belayer echoes. Whistle equivalent: 3 Short Whistle Blasts 
(NCRC/ASTM standard: Down) 

Falling! I am falling, or the litter is falling. 
Forwards! From Litter Captain to litter team. Start carrying the 

litter forwards. 
Haul! From Haul Team Captain to haul team. Pull on the haul line. 

Whistle equivalent: 2 Short Whistle Blasts (NCRC/ASTM standard: 
Up) 

Haul Team Ready! From Haul Team Captain to Litter Captain 
and Belayer. Haul team is ready to haul.

Ladder! In the context of toenailing a litter up a short steep bit, or 
laddering across an obstacle, from the new Litter Captain to the 
litter team. Keep your feet planted, and lift the litter a short distance 
up or down the hill, or across the obstacle, to where the two new 
litter bearers can grasp the litter rail. 

Litter Team Ready! From Litter Captain to Belayer and Haul 
Team Captain. Litter team is ready to be hauled up.

Off Belay! From theLitter Captain, or a climber, or a rappeller, to 
Belayer. I no longer need to be belayed. 

Off Rope! I am no longer attached to the rope. May be qualified, such 
as Off Rope Red! or Off Rope Line 3! May be used after a rap-
pel, an ascent, or after being belayed. Whistle equivalent: 4 Whistle 
Blasts once

On Belay! From Litter Captain, or a climber, or a rappeller, to 
Belayer. I am attached to the belay rope and ready to be belayed. 

On Rope! In the context of rappelling and ascending, by the person 
rappelling or ascending. I am attached to the rope. May be quali-
fied, such as On Rope Red! or On Rope Line 3!  

 One-Oh! In the context of a downhill semi-tech evac. From Belayer 
to Litter Captain and Downhill Ropehandler. You’ve got 
about 10’ (3 m) of rope left. 

Preload! In the context of a downhill semi-tech evac. From Litter 
Captain to Belayer. Do not let any rope slip as we load the rope. 
Belayer echoes. 

Ready Haul Team! From Belayer to Haul Team Captain. Get 
ready to haul. 

Ready! [pause] Down! From Litter Captain to litter team. Prepare 
to lower the litter, and sound off if not ready. Pull out and squat to 
gently set the litter down. 

Ready! [pause] Lift! From Litter Captain to litter team. Prepare to 
lift the litter and sound off if not ready. Pull out to lift up the litter. 

Ready Litter Team! From Belayer to Litter Captain. Get ready 
to for the litter to be hauled up.

Ready to Ladder! In the context of toenailing a litter up a short steep 
bit, or across an obstacle. From Litter Captain to the litter team. 
Front four bearers, plant your feet, shift your hands back a bit. Back 
two bearers peel off and move up/down the hill or across or around 
the obstacle to the head of the litter.

Ready to Rotate! During a nontechnical evacuation. From Litter 
Captain to the next set of relief bearers. Next two litter bearers, 
step off the trail and be ready to grab the back of the litter when we 

come through.
Reset! From Belayer to haul team. The ratchet safety Prusiks are 

holding the load. Drop the haul line and move the haul Prusik back 
toward the load. 

Rock! Something other than me is falling. (see Falling!). All echo. 
Rope! I am casting a rope over a cliff or into a pit. Watch out, and if you 

can, check if the rope made it all the way to the bottom. 
Rotate! During a nontechnical evacuation. From new back-left litter 

bearer to litter bearers ahead. I and my partner across the litter 
are now holding onto the litter. Start shifting forwards on the litter. 
Accompanied by a tap on the hand or shoulder of the litter bearer 
in front of you.

Set! Call from Haul Team Captain to Belayer. The haul team can 
make no more progress or the haul is over. Once Belayer has 
tightened the ratchet Prusik on the rope, Belayer echoes Set! 
Haul team then gently releases tension on haul line until load is on 
ratchet Prusik. 

Slack! Let out some rope. May be quantified as, for example, Slack 
One Foot! Belayer echoes. Sometimes used instead of Reset! 
in cave rescue.

Stop! 
  Meaning 1: In the context of a semi-tech evac. From anyone to 

everyone. Everyone stop! Everyone echoes. It can be because of 
major safety issue, or simply because the litter captain wants the 
litter to stop. Whistle equivalent: 1 Long Whistle Blast(NCRC/ASTM 
standard: Stop) 

  Meaning 2: In the context of a nontechnical litter carry. From Litter 
Captain to the litter team. Stop walking. 

Stop Hauling! From Haul Team Captain to haul team. Stop 
hauling. 

Stop, Stop, Why Stop! From Litter Captain to Belayer. Litter 
movement stopped and we didn’t expect it to stop. During a lower-
ing, concern that the lowering rope has snagged, and a dangerous 
amount of slack may be developing in the upper portion of the low-
ering rope. Belayer stops letting out rope. Everyone echoes. The 
series of four words, even if the actual words cannot be made out, 
is an easily-recognizable call for a potentially fatal safety problem. 
Whistle equivalent: 4 Long Whistle Blasts repeated over and over (not 
NCRC or ASTM standard but should be; instead, they use 4 short blasts 
for “rope free”; they use a continuous whistle blast for “Help!”)

Tension! From Litter Captain or a climber to Belayer. Take any 
slack out of the line but don’t lift or move the litter or climber. If 
using a mainline and a belay, may be Tension Main! or Tension 
Belay! Belayer echoes. 

Two-Oh! In the context of a downhill semi-tech evac. From Belayer to 
Litter Captain and Downhill Ropehandler. You’ve got about 
20’ (6 m) of rope left.

Up Fast! From Litter Captain or a climber to Haul Team Captain 
and Belayer. Haul the rope/load up faster. Haul Team Captain 
echoes. Whistle equivalent: 2 Short Whistle Blasts (NCRC/ASTM 
standard: Up)

Up Rope! From Litter Captain or climber to Haul Team Captain 
and/or Belayer. Take in the belay rope; or, take in the belay rope 
faster if you can. For hauling, Haul Team Captain echoes; for a 
simple belay, Belayer echoes.

Up Slow! From Litter Captain to Haul Team Captain and 
Belayer. Haul the rope/load up slowly. Haul Team Captain 
echoes. Whistle equivalent: 2 Short Whistle Blasts (NCRC/ASTM 
standard: Up)

https://www.astm.org/Standards/F1768.htm
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C r u s h  S y n d r o m e  v e r s u s  C o m p a r t m e n t  S y n d r o m e

These two “C” syndromes sound the same but are very different.

Compartment Syndrome: sometimes, when a muscle is bruised, it can 
swell up a lot. And muscles are divided into compartments by thick 
layers of gristle (fascia). If the swelling in a part of a compartment 
gets too tight, then the capillaries (small blood vessels) collapse. This 
cuts off the blood supply to that part of the muscle, and this causes 
a vicious cycle of more swelling and more pressure. This is called 
compartment syndrome. 

In compartment syndrome, the area of muscle feels hard and is very, 
very painful. Sometime, the pressure can be enough to collapse large 
blood vessels and press on nerves going through the compartment, 
causing problems beyond the swollen muscle.  Compartment syn-
drome can cause the muscle to die, resulting in permanent disability.

Compartment syndrome is most common in the lower leg. It can be 
associated with a fracture or just with bad bruising. 

Sometimes, compartment syndrome requires surgery to cut the fascia 
to relieve the pressure in the compartment (fasciotomy).

You suspect compartment syndrome when someone has a badly 
bruised lower leg, whether broken or not, and one of the fascial com-
partments is tight, and much more painful and tender than the rest of 
the leg.

The traditional teaching is that compartment syndrome causes Pain, 
Pallor, Paresthesias (painful numbness) and Pulselessness, the four 
Ps. However, except for the first P, Pain, these are late signs and it’s 
important to recognize and treat compartment syndrome before the 
three next Ps occur from increasing pressure. If you suspect compart-
ment syndrome, and you can, discuss it with a physician by radio or 
cellphone.

Since time is important in treating 
compartment syndrome, suspected 
compartment syndrome is a reason to 
increase the urgency of the evacuation. 
It may be appropriate to arrange for 
helicopter transport to a trauma center 
rather than ground transport to the near-
est ED. There are special techniques for 
measuring the pressure in a compart-
ment to see if it is high enough to need 
a fasciotomy, but it requires special 
equipment and training and is only found 
in larger hospitals.

NCRC came very close to doing a 
fasciotomy in the field several years ago 
during a rescue in Keyhole Cave near 
Albany, New York, where a man’s leg was 
entrapped in a narrow crevice. However, 
the patient was finally extracted and 
taken to an ED where the fasciotomy was 
performed. 

Crush Syndrome: when a muscle is not 
only bruised by entrapped, for example, 
during a building collapse. (Some people 
thought it occurs in suspension syndrome, 
discussed in the sidebar on Suspension 

Syndrome (Harness Hang) on page 183, but most experts now 
discount this.)

There is no blood going to the muscle. Cells die from lack of fresh 
blood that carries oxygen and glucose, or are killed directly by crush-
ing. And there is no blood flowing through the muscle to remove 
waste products such as lactic acid, and toxic chemicals from the inside 
of damaged cells, such as potassium and myoglobin and hemoglobin. 
These build up in the trapped and crushed muscle. 

When you release the entrapped muscle, blood flows into the muscle, 
washing out those waste products. But then that bad blood full of 
waste products and the contents of damaged cells (I call them “evil 
humors”: such as potassium and lactic acid) suddenly gets back into 
the rest of the body, This is a known cause of death after release from 
entrapment. It’s called reperfusion syndrome. (Reperfusion means 
blood flow going back into a part of the body that had been deprived 
of it.) Evil humors from damaged cells (primarily myoglobin and 
hemoglobin) can later cause kidney failure. 

There are some arguments for releasing limbs that have been 
entrapped slowly so that the surge of bad blood is not as sudden. But 
as they say, the solution to pollution is dilution, so a standard treatment 
is to give IV fluids to overcome any dehydration and even over-hydrate 
the patient. If you’re not where you can give IV fluids, and the patient 
can take oral fluids, plenty of water and salt by mouth would be appro-
priate. We sometimes add baking soda (sodium bicarbonate) to the IV 
fluids to help counteract the expected surge in lactic acie. If IV fluids 
are a long way off, and you have some oral antacid tablets (not a stom-
ach acid blocker but actual large chewable antacid tablets), it might be 
reasonable to give some to the patient. 

Fascial Compartments of the Lower Leg
Public domain via Wikimedia Commons, Gray’s Anatomy, 1915 
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Rappelling and Lowering 

Rappelling and ascending are not required for ASRC 
Field credentialing. But it seems to me that every SAR 
team teaches this. Almost every SAR team member 
wants to know how to rappel and ascend. Rappelling is 
in some ways like lowering a litter, so the devices and 
techniques are similar, and in some cases identical. 
Every SAR team member ought to have at least a pass-
ing acquaintance with these devices and techniques for 
rappelling and lowering, and mastery of common ones 
used for lowering, so here goes.

Rappel/Lowering Techniques and Devices 

Some of these techniques are solely for a single person 
rappelling, some can be used for lowering a litter or a 
semi-tech evac or even a vertical rescue. Nerdy people 

who like TLAs (three-letter acronyms) call them DCDs, 
descent control devices or techniques. These are the 
same people who call a ratchet a PCD (progress capture 
device). 

French Arm Rappel

The French Arm Rappel is probably as French as French 
Fries.1 But that’s the only name I know for this obscure 
but easy and sometimes extremely useful technique.

First, safety. Trying to use a French Arm Rappel 
on a vertical or free drop is incredibly stupid. It’s not 

1 Though the French lay claim to having invented them on the Pont 
du Neuf in Paris in 1789, the Belgians have a better claim with a 
1781 manuscript dating them to the before 1680 in the then Spanish 
Netherlands.

 ▸ French arm rappel: 
 ▸ Very easy to learn
 ▸ Only requires a rope, two arms, thick sleeves 
 ▸ Very effective for moderately steep slopes, not usable 
for vertical drops

 ▸ Dulfersitz “hotseat” body rappel: 
 ▸ Escape technique only for when no other alternative
 ▸ Requires thick clothing in crotch and shoulder
 ▸ Much less painful with double rope, more painful with 
smaller diameter ropes

 ▸ Carabiner wrap rappel is unsafe if on a single carabiner 
attached to nylon seat harness (weld-abrasion); twists 
the rope a lot
 ▸ Münter hitch rappel: 
 ▸ Far superior improvised rappel to carabiner wrap
 ▸ On pear-shaped locking D carabiner, very good rappel 
technique for general use
 ▸ Superior range of control compared to figure 8 
descender
 ▸ Super Münter hitch suitable for lowering rescue loads if 
can keep from overheating

 ▸ Figure 8 descender without ears can lock into girth hitch; 
do not use
 ▸ Figure 8 descender with ears:
 ▸ Will not allow rope to deform into girth hitch
 ▸ Acceptable rappel device 
 ▸ With double wrap, acceptable lowering device for 
rescue loads
 ▸ Poor range of control

 ▸ Much better alternatives for rappel and lowering
 ▸ “The rappel rack is the best rappel device in the world” 
 ▸ Different rappel rack designs: J racks, and U racks with 
and without hyperbars
 ▸ Rappel racks provide excellent control for lowering a 
litter 
 ▸ Can lock off many rappel devices: keep them from mov-
ing without need for tension on braking hand:
 ▸ Münter hitch: no way to lock off a Münter hitch, must 
tie it off
 ▸ Figure 8 descender and J rappel rack: bring braking-hand 
rope across top between metal and loaded part of rope
 ▸ U rappel rack with hyperbar: push bars together, loop 
rope over hyperbar, then bight of rope through bottom 
of the U then loop over hyperbar
 ▸ Scarab: wrap the rope around two more horns

 ▸ Can tie off any rappel device to totally secure it, includ-
ing a Münter hitch (but not French arm rappel or 
dulfersitz body rappel):
 ▸ Pull up loose rope from below
 ▸ Hold it up next to tensioned rope above
 ▸ Tie slipped overhand in loose rope around the ten-
sioned rope above 
 ▸ Clip loop to the tensioned rope above with carabiner 
(“biner jam”).
 ▸ Once done, remove biner jam, pull bight out of 
slipped overhand to start rappelling
 ▸ Can use same technique upside down to tie off lower-
ing device

I m p o r t a n t  P o i n t s
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designed for that. I’ve seen people try to do this and 
then treated them for second-degree burns of their 
arms. Even through a thick shirt and a parka. Speaking 
of which, you should always wear thick clothing on 
your arms when doing a French Arm Rappel. 

That said, I use a French Arm Rappel all the time 
at McConnell’s Mill State Park in Pennsylvania, where 
the ASRC’s Allegheny Mountain Rescue Group trains. 
There’s a place where there is about an 8’ fairly gradual 
drop to another part of the top of the rocks. There are 
no good footholds, and it’s a long way to walk around, 
so people tend to rig a handline there.

But sliding down hand-over-hand using a handline is 
just, well, undignified. And awkward. And sliding down 
gracefully using a French Arm Rappel shows quite a bit 
of savoir faire.1 It’s also easier and safer as you’re a lot 
less likely to lose your balance. 

It does require that you have on a thick long-sleeve 
shirt or jacket or even better two layers. With a thin 
shirt, or a short-sleeve shirt, there is no way to even do a 
short French Arm Rappel without getting bad abrasions 
or rope burns. 

The technique is simplicity itself. Rig a rope to an 
anchor, at about shoulder-height, above a drop that is 
steep but less than 45 degrees. The maximum 45° slope 
it’s reasonable rappel this way is about 20-30’.

If the drop is considerably less steep, you can use it 
on a longer drop. There is one place at Harper’s Ferry 
National Historical Park where there is a granite slab 
slope that’s a bit less than 45° and about 50’ long. It’s a 
great place to do this.

 You could use it on an extremely short drop, say 5’, 
that is steeper, but it doesn’t work nearly as well.

Cast the rope down the slope. Grab the rope in your 
left hand, with your thumb pointing at the anchor. Stand 
so that you are sideways to the slope, with the rope is 
passing in back of your waist. Now grab hold of the rope 
with your right hand, with your thumb pointing away 
from the anchor, that is, down-slope. If you were to slide 
down the rope this way, it would probably work but 
there would be a lot of friction on your hands. 

Do this with gloves on. Come on, who would try to 
slide down a rope without gloves on? Do you know how 
long you would be disabled with bad rope burns of the 
hands? A painful two weeks minimum. Wear gloves.

This is much easier to figure out from the figure or 
seeing it done, but let’s try to describe it in text.

To decrease the friction on your hands, transfer some 
of it to your arms. Let go of the rope with one hand at a 
time. Move that free hand backwards and down, then 
scoop your hand and forearm forwards under the rope 

1 I originally typed “style” but this, after all, the French arm rappel. 
Savoir faire is, per Wikipedia “a French noun phrase that means being 
adaptable and adroit, knowing what to do in any situation.”

Dulfersitz Rappel

French Arm Rappel

ASRC members Rappelling, Blue Ridge Mountains, circa 1977
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and then up. Once the rope is over your elbow, continue 
the circular motion that’s like spinning your arm around 
the rope in a circles backwards, so that you wrap the 
rope around your forearm, then reach backwards with 
your hand to grasp the rope. Sounds complicated but 
once you’ve done it you’ll never forget how. It feels quite 
natural.

Do the same with the other hand. 
 Now, the rope is running from your hand, around 

your arm, then behind your back and thence to the 
other arm and then hand.

Now, all you have to is twist your body just slightly so 
your downhill hand is a bit in front of your body, and 
your uphill hand is a bit behind your body – to keep 
your feet from bumping into each other – and walk 
sideways down the slope. To slow or stop, bring your 
downhill arm across your body, as this adds friction on 
your side as well as your back.

It takes much, much longer to read this than to do 
it. It only takes one or two times to be an expert. It’s 
very quick, as well; no equipment to rig, and people get 
on and off the rope quickly. In fact, if you have some-
one who hasn’t done it before, you can just have them 
rappel last and by the time they’ve seen two people do 
it, they’re ready to give it a try and seldom need any 
coaching. 

Dulfersitz Rappel

What if you have to get people down a drop that’s 
greater than 45° and you have no equipment but a rope? 
Then it’s time for a dulfersitz rappel. When I was a 
young whippersnapper, this was how I learned to rappel. 

The excuse for you to learn this is as an escape 
technique for emergencies. Or just to show that you 
have balls. However, given that the other name for this 
is “hotseat,” men: if you don’t do it right, you may not 
have any balls when you’re done. Even with thick winter 
clothing on, doing this on a free drop is only recom-
mended for extreme masochists and those looking for 
an interesting method of suicide. 

Let’s now try to describe this rappel in words rather 
than a thousand pictures. You really should also look at 
a thousand pictures, which means a video on YouTube: 
https://www.youtube.com/watch?v=xbFFxKMxkao 

To perform a hotseat, you straddle the rope, facing 
the anchor. You grab the rope between you and the 
anchor in your left hand. 

You then reach down behind you with your right 
hand. You then bring right hand and the rope in it 
forwards, across your right hip, then across your chest. 
Now, dipping your head forwards and to the right, you 

then drape the rope across your left shoulder and neck. 
Let go with your right hand. 

The rope now comes from your front, through your 
left hand, under your crotch, and then around your 
right hip. It proceeds across your chest and abdomen 
from bottom right to top left, then back across your 
right shoulder and down your back. 

Grab the rope below you with again with your right 
hand, with your thumb pointing toward the anchor. 
Hold firmly. The right hand is your braking hand. The 
grip of your right hand is what multiplies the friction 
around your body. Resist the overwhelming urge to let 
go with your right hand, and to grab the rope above you. 
That is the route to a screaming fall to your death. 

Did I mention this is an extremely hazardous method 
to rappel? Did I mention that, unlike the French Arm 
Rappel, the Dulfersitz is an escape technique, only to 
be used when the alternatives are worse? Like you are 
rappelling to escape certain death at the hands (paws) 
of a grizzly bear? You could use a Dulfersitz on the sort 
of gradual slope where you might use a French Arm 
Rappel and it might be sort of safe. 

For a hundred years or so, this was the standard way 
to rappel down a cliff. That was back when men were 
men, except those who were very flat things at the 
bottom.

When I first started climbing this was what I was 
taught and used until (slightly) better forms of rappel 
were developed. We did this with doubled large-diam-
eter manila rope, which provided much more friction 
than today’s nylon ropes, and the bigger diameter meant 
that it didn’t cut into your crotch and shoulder/neck as 
badly. However, I did make the mistake of using this 
technique to rappel using nylon Goldline over a 30-foot 
(10 m) free drop. Once. I would say I still have scars 
from this experience, but this was back when I was 
young and healed faster.

Now, if you are still willing to give this a try, turn your 
body slightly so that your right side angles down the 
slope or cliff at about 30-45°. Spread your feet a bit more 
than shoulder width. Walk backwards down the cliff, 
keeping your right arm straight and your right hand 
pointed down the cliff. If you need additional friction, 
keep your right arm straight, and bring your right arm 
across your body until it points uphill. Do not bend 
your elbow. 

 Keep your knees straight. This is very, very impor-
tant. If you bend your left knee, the rope will slip up 
from your crotch to behind your knee and you will then 
be rappelling with your left knee in your mouth and 
the rope wrapped around the back of your knee and 
your neck. Not only is this likely to kill you, it looks 
really awful on the video your teammates just posted on 
YouTube.

https://www.youtube.com/watch?v=xbFFxKMxkao


8: Nontechnical and Semi-Technical Evacs 167

 Rappelling and Lowering        Rappel/Lowering Techniques and Devices        Carabiner Wrap

If you have read this far, let me reassure you that 
being able to do a hotseat rappel is not, as far as I know, 
required by any search and rescue teams, including the 
Appalachian Search and Rescue Conference. However, 
it’s of historical interest, and as an escape technique, 
might save your life someday. Or kill you. 

One final note: don’t use a bottom belay with some-
one rappelling with a dulfersitz. The rappeller will likely 
show his or her disapproval by screaming and then 
landing on you headfirst. 

Carabiner Wrap

A more commonly-taught escape rappel is a carabiner 
wrap. All you need is a seat harness, a carabiner, and a 
rope to rappel with. If you just have a rope, you can even 
cut a bit off the end and create a diaper seat. 

Do you know how to create a diaper seat? If you only 
have a small bit of webbing or rope, it might save your 
life, so it’s worth knowing.

Tie your rope or webbing in a loop. Hold the loop in 
front of your belly button. Clip your carabiner through 
it. 

It should be a locking carabiner, but as this is an 
escape technique, you might not have one, and it’s pos-
sible to do this with a non-locking carabiner. In fact, the 
military taught this exact method for many decades.

While holding the biner in your right hand, reach 
around behind you with your left hand. Lift up your 
left leg like your are a dog getting ready to pee on a 
fire hydrant. Grab one strand of the webbing, bring it 
around front, and snap it into the biner. Lift up your 
right leg, reach around your right leg, and bring a strand 
of webbing around the right side and clip into the biner. 
You’re done.

A diaper seat, unless it’s exactly the right length, tends 
to fall down, so you’ll have to walk around with a hand 
holding it up. And if you pause on a ledge while rappel-
ling, it may fall down. Oh, yes, if you get weld-abrasion 
and the webbing gets cut in one place, the harness fails 
and you go splat. 

Clearly this is a technique that should be used only 
when absolutely necessary. 

Back to the carabiner-wrap rappel. You clip a cara-
biner into your diaper seat. The standard World War II 
military method used a non-locking carabiner.

WARNING: Don’t try this at home. Or anywhere 
else. Unless you are rappelling a short distance over a 
very large pile of soft pillows. 

Clip the rope through the carabiner. Take the rope 
below the carabiner, twist it around the solid side of the 
carabiner, then clip back through the carabiner. If you 
feel suicidal, rappel like this, with the rope running right 

across your harness… a perfect way to cut through your 
harness with weld-abrasion. 

If you used a locking carabiner, and another locking 
carabiner to connect to your seat, this might not be as 
suicidal. But it’s still a very poor way to rappel. The biner 
wrap tends to bind up, resulting in a bumpy rappel; 
this is especially true if you use a locking D carabiner. 
It also twists the rope a lot, even more than a Münter 
hitch. And the twists, when they form below you and 
then pass through the biner wrap, can cause you to lose 
control. 

Speaking of twists, in ~2005, Scott McCrea, a North 
Carolina caver, did some backyard tests with a 23’ free 
rappel to see how different rappel methods twisted the 
rope (numbers are the number of twists at the end of the 
rappel; some methods tested more than once):
• Figure 8:   5, 5, 5, 3, 1.5
• Micro-Rack:   1, 0.5
• Standard Rack:  1
• Münter Hitch:   7
• Biner wrap:   9

Nobody has done a comparative test of a Scarab 
– hooking the rope around one or more horns likely 
induces some twisting – so if you are interested in doing 
some publishable research (I will publish it here in a 
subsequent update, if nowhere else) than try all these 
rappel methods including a Scarab, with one, two and 
three horns in use, and count the twists.

Given that the Münter hitch exists, there is really 
no excuse for using a biner wrap rappel. It should be 
consigned to the dustbin of history. (Paraphrasing Leon 
Trotsky, who consigned the Russian Mensheviks to the 
dustbin of history in 1917.) But it’s here so that if some-
one tells you to use a biner wrap rappel in an emer-
gency, you say, “I think I’ll use a Münter hitch instead.”

Given that we have the ASRC Seat Harness, there is 
also little justification for using a diaper seat, unless you 
are being chased by the proverbial grizzly bear and don’t 
have time to tie a redundant seat harness. 

Once, when the ASRC had a search and rescue simu-
lation and was doing a steep semi-tech evac at Buzzard 
Rock on Massanutten Mountain in Virginia, and the 
lowering system didn’t have quite enough friction, we 
added a sling to a nearby tree and a single carabiner 
wrap in the line going to the litter (we hauled up on 
the line to get enough slack for the biner wrap) and it 
helped significantly. But that was in 1976, and we have 
better options for steep lowering than a Figure 8 now. 
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Münter Hitch, Tied Off
Must be tied off to lock off.

Münter Hitch, Tying 1

Münter Hitch, Tying for a Rappel 2

Münter Hitch, Tying for a Rappel 3

Münter Hitch, Tied for Rappel
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Münter Hitch 
 Field I 

You already learned How to tie a Münter hitch in the 
section on Knots (see Münter Hitch on page 123).

Unlike the carabiner wrap, you can use a Münter 
hitch on a single locking pearabiner on your harness; 
there is no significant danger of the rope running 
over your harness and causing weld-abrasion, as the 
rope stays up at the top of the carabiner. You control a 
Münter hitch in the same way as most other mechanical 
rappel devices: you hold your braking hand at your right 
hip. 

Unlike other rappel devices such as a figure 8 or a 
rappel rack, there is no simple, easy way to lock off a 
Münter hitch. You can take a bight of the running (brak-
ing) end of the rope and push it through the carabiner, 
but even then, it’s not secure without tying it off as well. 
Tie this off with a slipped overhand, as described in the 
Knots section, and then clip this bight to the tensioned 
standing part of the rope with a carabiner (“biner jam”) 
and you’ve got the hitch both locked off and tied off. If 
you now unclip the biner jam, and slowly pull on the 
running (braking) part of the rope, moving your brak-
ing hand up close to the hitch as you pull out the rope, 
suddenly your bight will pop out and you’ll be back on 
rappel. 

The Münter hitch provides a fairly wide range of 
control. Most people find that a little tension with your 
braking hand will slow the rappel quite a bit. This is the 
meaning of the term “wide range of control”: a small 
amount of tension on the braking hand results in a large 
increase in braking force in the rappel device. A rappel 
rack is similar in its wide range of control. 

The Münter Hitch is a also suitable “device” for 
lowering for rescue loads, using the Super Munter for 
heavier loads or steeper slopes. Richard Delaney has an 
article1 primarily about using a Münter Hitch to rig a 
static line so that it can be lowered if someone gets stuck 
on the static line; a tree-wrap is better for lowering, but 
you don’t always have a tree handy when you need an 
anchor. 

Dailey points out some advantages of using two lines, 
each with a Münter Hitch:
• No extra hardware.
• Safe lowering on two ropes by a single operator.
• Ability of the rescuer to move towards the edge and 

observe the lowering operation.
One problem in summer might be overheating of the 

carabiner, though you can slow the rate of the lowering 
to decrease heating of the carabiner. If you were to use 

1 https://www.ropelab.com.au/members-rig-for-lower-with-a-
munter-hitch/ (paywalled) Figure 8, Locked Off.Figure 8, Tied Off.

Figure 8 with Ears and Belay Slot 
With double wrap as shown, may 

twist (shown on right) and untwist, 
resulting in bumpy rappel; holding 
braking hand up may help prevent.

Tiny Figure 8 with Rope 
Slipped into a Girth Hitch.

Lowering: Rigging of Figure 8 Descender
From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 

https://www.ropelab.com.au/members-rig-for-lower-with-a-munter-hitch/
https://www.ropelab.com.au/members-rig-for-lower-with-a-munter-hitch/


170  8: Nontechnical and Semi-Technical Evacs

Rappelling and Lowering        Rappel/Lowering Techniques and Devices        Münter Hitch  

J Rappel Rack, Locked Off.

J Rappel Rack, Tied Off. 
Slipped overhand shown loose for clarity; should be snugged to rack.BAD! VERY, VERY BAD! Rappel Rack, Rigged the Wrong Way.

Rappel Rack, Rigged Properly.
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a two-line system as Dailey describes, which usually 
would be on a fairly steep semi-tech where you would 
be most concerned about heat dissipation, it divides the 
friction heat across two separate carabiners, making 
overheating less of a concern. 

Delaney’s article is primarily about using a to rig a 
static line/fixed rope so that you can lower it easily if 
someone gets stuck on the line. This chapter and book 
is about wilderness search and rescue in the mid-
Appalachians, which are generally covered in trees that 
make great anchors. So it is worth mentioning that a 
tree-wrap anchor for a static line/fixed rope (see Rigging 
a Static Line on page 99) has one great advantage 
over rigging with a Münter Hitch: it’s easy to tie another 
rope to the free end of your static line’s tree wrap, and 
then lower with the tree wrap. There is no need to do 
anything special to get the knot around the tree, you just 
lower and watch the knot go round and round until it’s 
below the tree. Getting a knot through a Münter Hitch 
can be much more complicated. 

Compared to a Münter hitch, some rappel devices 
have a fairly narrow range of control, meaning that 
holding hard with your braking hand doesn’t increase 
the friction in the rappel device all that much. A good 
example of that is the: 

Figure 8 Descender 
 Field I 

Max Pfrimmer, a physician attached to a mountaineer-
ing regiment in Austria, invented the figure 8 descender 
during World War II.1

I didn’t count all of the figure 8 descender variants 
Gary Storrick has on his web page2 devoted to the topic, 
but even if you discount the ones that are really just fig-
ure 8-shaped bottle openers, there are about a hundred 
of them. Enough that at the bottom of the page he has a 
nice bar graph of the weight distribution of the 8s.

Some are aluminum. Some are steel. Some are 
machined, some are drop-forged. Some are so small as 
to look like toys. Some are designed for rescue work, 
and are bigger and heavier. 

The basic design is simple: a chunk of metal with a 
big hole and a small hole, and a narrow neck between 
them for the rope to run around. The small hole clips 
into your harness. The rope goes through the big hole, 
around the neck between the two holes, and then back 
through the hole.3 

1 Pit Schubert, Bergunsteigen 3/06, as quoted by Gary Storrick on his 
website.
2 http://storrick.cnc.net/VerticalDevicesPage/Rappel/Figure8.html
3 There are multiple other ways to rig a Figure 8, some of which are 
so unsafe I would never consider using, or allowing anyone under my 

U Microrack with Dual Hyperbars.
This is rigged for a rappel with a Prusik “safety”

 above, which is not considered safe.

U Microrack, Locked Off. 
Bight passed through bottom of rack, then around hyperbar.

U Microrack, Tied Off. 
Slipped overhand shown loose for clarity; should be snugged to rack.

http://storrick.cnc.net/VerticalDevicesPage/Rappel/Figure8.html
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The 8 has one big advantage: it’s almost foolproof. It’s 
very simple to rig properly, and even with all the fools 
I have seen rappelling with an 8, I’ve never seen one 
rigged into the rope wrong. However, there are quite a 
few disadvantages.

Some 8s have ears. The ears are designed to prevent 
a rare but catastrophic problem: the rope slips up off 
the neck of the 8, and suddenly you’re not rappelling, 
you’re tied to the rope with a girth hitch. So, for rescue 
use – for any use, really – you should use an 8 with ears. 
This is a rare problem, but enough of a concern that one 
should use an 8 with ears if you’re going to use a figure 8 
for rescue work. If you have to rappel with an 8 without 
ears, push the bight of rope down through the large hole, 
rather than pull it up; that means the rope around the 
neck is on top, not on bottom where it can get pulled up 
on the edge or a ledge. 

Another problem with the 8 is that the friction isn’t 
variable, much, while you’re on rappel. Yes, you can 
do a double wrap on the figure 8, as illustrated in the 
diagram. This actually works pretty well for lowering, as 
both ropes come out in the direction of the top (larger 
hole) of the 8. However, if you’re rappelling on an 8 with 
a double-wrap, your braking hand is usually down at 
your right side – that’s the comfortable place to keep it, 
and many recommend it, as you can purportedly get 
a little extra friction by running the rope around your 
hip. But if you do this, then the rope on the braking 
hand side tends to twist where it goes around the 8, and 
this makes your rappel quite bumpy; you suddenly stop 
when it twists, then suddenly go when it untwists.

Another problem with the 8 as a rappel device is that 
you have to take it off your harness to rig into the rope. I 
can’t tell you the number of times I’ve seen people drop 
their 8s, sometimes to bounce all the way to the bottom 
of the cliff or pit. When I first tried an 8 for rappelling, 
I tied a bit of parachute cord (call it “shroud line” if you 
want to be more classy) to the very top of the 8 with an 
anchor hitch (a knot which you will probably be sur-
prised pleased to find I did not include in this chapter) 
and then to a loop on my seat. It did prevent me from 
dropping the 8, but it kept getting caught in the rope no 
matter how I tried to rig it. This is not a problem with a 
rappel rack (discussed next), which stays on your har-
ness – or rigged into the anchor for a lowering – while 
you’re rigging in. 

To lock off a figure 8, you bring the rope across the 
top of the 8, snapping the rope between the top of the 8 
and the tensioned portion of the rope. 

supervision to use. Why? Because if you take your weight off of 
the rappel for a second, as example on a ledge, the rope is likely to 
come free from the Figure 8. Splat. Some of these are shown in the 
Ropelab Figure 8 overview page at https://www.ropelab.com.au/
figure-8-descenders/.

Scarab, Locked Off.

Scarab, Tied Off
Locking carabiner not required.

Scarab, Rigged Properly for Rappel.
Ben McCandless

https://www.ropelab.com.au/figure-8-descenders/
https://www.ropelab.com.au/figure-8-descenders/
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Given a choice, I will always use a Münter hitch or 
a Scarab over an 8, though a microrack is my favorite 
rappel device. The Münter may twist the rope a bit 
more, but it gives a broader range of control. A little bit 
of tightening of your braking hand with a Münter hitch 
slows you down quite well, while on an 8 it doesn’t seem 
to make much difference. 

In the early days of the ASRC, our standard semi-tech 
lowering bag had three slings made up from about 15’ 
(5m) of 11 mm static rope, three locking D carabiners, 
and three figure 8s. With this gear, using the 8s with 
double wraps, we accomplished a large number of semi-
tech lowerings flawlessly. However, having a rappel/low-
ering device with a bit more control would have been 
nice; sometimes on a steep section, the double-wrap 
on the 8 just wasn’t quite enough and it stressed the 
belayers who had to hold a lot of friction around their 
rear ends. 

So, if you’re going to put together a semi-tech kit to 
place into your litter – which makes a lot of sense, as 
the vast majority of the evacs in the Appalachians that 
require a rope are semi-tech lowerings – think about it, 
the roads are usually in the valleys – so if you place a 
semi-tech kit in your litter, prepare a kit like we used to 
do in the early days of the ASRC, but replace each of the 
8s with a:

Rappel Rack 
 Field I 

“The Rappel Rack is the best rappel device in the world.” 
—Bill Cuddington, vertical caving pioneer. 

Much of the technical equipment used in rescue in 
the later 20th century was developed by cavers, not 
climbers. (Dialect note: in the UK and Ireland, cavers 
are cub scouts with flashlights,1 and spelunkers are expe-
rienced and well-equipped cave explorers. In the US, the 
terms are precisely the opposite.)

Why? Climbers are focused on the physical act of 
climbing, and ropes, rappelling and ascending are seen 
as necessary evils. But for cavers, single rope techniques 
– rappelling and ascending – are the primary means 
for exploring vertical caves. And some of the pits that 
cavers want to explore have very, very long drops that 
need to be negotiated. For an extreme example, the 
pit in Sótano de las Golondrinas in San Luis Potosí, 
Mexico, has a minimum 1092’ (333m) rappel. Fern Cave 
in Alabama has Surprise Pit at 404’ (123 m). My first 
date with my wife was back in the early 1970s, and we 
went on a caving trip to Cass Cave in West Virginia, 

1 No offense meant to cub scouts, some of whom are cavers in the US 
sense. But it gets the idea across succinctly.

which has a 130’ (40 m) rappel down a pit next to a 
waterfall. The rappel was great, the ascent back up not 
so much. 

The rappel rack was invented by caver John Cole in 
1966,2 specifically to deal with long rappels. For such 
rappels, you need only a little friction at the top, due to 
the weight of the rope, but need to add friction as you 
descend. That requires the ability to continuously vary 
the friction while on rappel, which is what the rappel 
rack delivers.

Gary Storrick’s web pages on rappel racks (one for J 
racks, one for O and U racks) list 89 different designs, 
but they all share certain characteristics. I have an all-
titanium micro-rack that Carroll Bassett of BMS Rescue 
made for me that Gary doesn’t have in his collection/list; 
Carroll said machining the titanium damaged his tools 
and he wasn’t going to make any more.

Rappel racks have two parallel rods, at a fixed dis-
tance; between the rods are bars, and the rope wends its 
way between the bars. The bending of the rope between 
the bars provides friction. Most racks allow you to move 
the bars closer together, for tighter bending of the rope 
and more friction, or spread the bars apart, for less 
friction. Most racks also allow you to rig the rope to all 
of the bars, or take off a bar or two to reduce friction. 
Most racks have an upside-down U shape, with one leg 
longer than the other, and a welded attachment loop 
at the end of that long leg. Others, like my BMS tita-
nium microrack, have a symmetrical U shape, with the 
bottom of the U serving as an attachment; the bars are 
retained by nuts on the top, which have been individu-
ally tested to take very large loads. Some racks have 
spacers to hold some of the bars in particular position. 

Many rappel racks, especially the smaller ones, have 
one or more hyperbars, usually at the top. A hyperbar 
sticks out to one or both sides of the rack, and has a 
small pin sticking out of one or both ends. You can take 
the rope where it comes out of the bottom of the rack 
and then flip it up and over the hyperbar. This not only 
adds friction around the hyperbar, but compresses the 
rest of the bars together. 

Brake bars come in many different shapes and sizes; 
square with slots for the rope, oval with notches for the 
rope, round, or pipe-like with a hole in the middle to 
allow better heat dissipation. They come in aluminum, 
steel and titanium. Some brake bars are permanently 
mounted on the rack – they may slide up and down, 
but both ends stay on the rods of the rack. These bars 
have a hole drilled in both sides, through which the 
rods of the rack fit. Other bars can be half-detached 
from the rack; there is a hole drilled in one end, but 
the other end has a slot, usually cut as a bit of an 

2 “New Rappel Device,” NSS News v24, #6, June 1966.
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angle. If you squeeze the rack’s rods together a bit, 
then you can pop one end of one of these bars off of one 
of the rods, then rotate it out of the way. Indeed, this is 
how you move the bars out of the way to rig the rope 
through the rack.

This brings up the one big safety concern with a rappel 
rack – it’s not as foolproof as a figure 8. It is possible to 
rig the rope through the rack backwards; that is, with 
the rope on the wrong side of the partially removable 
brake bars. And, since those bars usually snap on the 
rack, it might even look right to a cursory glance.

Which is why, when someone asks you to check a 
rack that’s rigged for a rappel or lowering, always take a 
close look to see where the rope is: which side of those 
partially-removable bars it runs over.

If you try to lower on such a wrongly-rigged rack, 
it holds the first 30-50 pounds of weight, then »ping« 
»ping« »ping« as the brake bars pop off, »whizz« as 
the rope slides rapidly through the brake-bar-less rack, 
and then »umphh« as the top-belayer takes the load. If 
you’re rappelling, even with a bottom belay, I’m afraid 
it’s just splat.

Some people file off the edges of the slots on their 
brake bars, so they won’t snap into place; they will only 
stay if the rope holds them there. However, this has its 
own downside: if you take the load off the rack for a 
minute, as when rappelling and standing on a ledge, or 
when lower a litter and it catches on a ledge, the rope 
unloads, and it’s possible that these filed bars might flip 
out of place, leaving you with no friction, and again 
splat. (Or an »umphh« from the belayer.)1 

I am aware of no deaths from rigging racks back-
wards, but there are numerous reports of close calls, 
including near-death experiences. If you’re going to 
use a rack for rappels or lowering, practice it putting it 
on the rope. Over, and over, and over. Make sure you 
practice rigging it the wrong way a few times, so you get 
a feel for doing it wrong, so you can avoid this feeling. 
But practice doing it right at least ten times more often, 
so that’s the habit you develop. 

When you rig a J rack for a rappel, you want to have 
the short end of the “J”, depending on how you have the 
rack oriented, either down or on the side of your brak-
ing hand. This makes it easier to add or remove brake 
bars. With a U shaped rack, you usually have the slots 
of the brake bars down, so you pull bights of rope up 
through the rack. This keeps your braking hand down at 

1 My large J rack has, as its second brake bar, a hollow steel bar that 
was designed without a lip. (Steel to last longer, hollow to be lighter 
and to dissipate heat better.) To take the picture of this rack rigged 
the wrong way, I had to insert a paperclip to hold the bar closed, then 
airbrushed it out with Photoshop. I have accepted the risk that this 
might flip open when unloaded, but as it’s only the second bar that is 
this way, the risk is lower. 

your side, rather than up in the air, which would be 
more tiring. 

Locking off a rappel rack varies depending on the 
design. You may need to combine one or more of the 
following to lock off your rack. 

For a J rack without a hyperbar, you can bring your 
braking hand up, and then jam the braking part of rope 
between the top of the rack proper and the portion of 
the rope above you. For a rack with a hyperbar, you 
simply loop the rope over the hyperbar. Adding a twist 
in the bight of rope before you loop it over the hyperbar 
makes it more secure and higher-friction. In the case of 
a U rack, you can stick a bight of rope through the bot-
tom of the U before bringing it up to loop around the 
hyperbar. 

In all cases, you want to bring the rope up so that it 
compresses all of the rack’s bars. 

Most racks are rated for rescue loads, but it’s worth 
checking before you get one. If you might be working 
with NFPA half-inch rope, make sure that your rack can 
deal with it. If your team just wants racks for semi-tech 
evacs and not vertical rescue, then one of the smaller 
racks with a hyperbar might be best, as they’re lighter. 

At this point, a rescue-rated rappel rack is the stan-
dard for lowering during vertical rescues, and for semi-
tech evacs that need more than a tree-belay. As new 
devices are developed, this may change, but we aren’t 
there yet. Stay tuned. 

Scarab

There are zillions (well, maybe just hundreds) of 
descent/lowering devices, most of which won’t be cov-
ered in this chapter, as they have no compelling advan-
tages over the others. Browse Gary Storrick’s web pages2 
if you are really interested.

But one of these new-fangled devices, the Scarab, 
seems to have really caught on. 

The company Conterra developed the Scarab in 
~2008. The Scarab is basically a single-bar rappel rack, 
with the equivalent of a two-sided hyperbar on the top 
and another on the bottom. As the equivalent of the 
hyperbar pin is bent inwards, and it’s part of the metal 
plate, it’s referred to as a “horn.” And one speaks of 
wrapping the rope around the horn, rather than wrap-
ping it around a hyperbar, but the principle is the same. 

It’s machined out of a single piece of metal, except for 
the brake bar, so no welded bits or nuts about which to 
be concerned. It’s available in a stainless steel version 
that will take 1/2”/12 mm NFPA rescue rope. If you are 
going to use it solely on 7/16” (11 mm) rope, you can 

2 http://storrick.cnc.net/VerticalDevicesPage/VerticalHome.shtml

http://storrick.cnc.net/VerticalDevicesPage/VerticalHome.shtml
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get the slightly smaller, much lighter, and more expen-
sive titanium version. Both are rated for rescue loads. 
Perhaps because of the size of the hollow brake bar, the 
company’s tests found no problems with heat dissipa-
tion. They also ran a mile of dirty rope through the 
stainless steel version with no visible signs of abrasion. 

If you’re using it as a rappel device, you wrap the rope 
around the one brake bar, then around one of the top 
“horns”; add a wrap around one of the bottom horns 
if you need additional friction. For a rescue load for a 
semi-tech evac, you need to wrap around the brake bar 
and at least two of the four horns. 

The titanium scarab is smaller and lighter than even 
my titanium micro-rack, and for mountain and cave 
rescue use, is starting to find its niche. If your team 
were to have a semi-tech kit with three scarabs rather 
than racks, it would make any tech rescue geek happy. 

It’s worth springing for the extra expense for the lighter 
titanium ones. 

When rigging, it is standard to bring the bight of rope 
up through the scarab; the slot on the brake bar thus 
needs to be down. This makes it easier to control with 
your braking hand down at your side, rather than up in 
the air.

To lock off a scarab, you loop the rope around all 
the horns. Unlike a rack with a hyperbar, there is not 
enough room to twist the rope between the horns. 

If you want a personal rappel device that can also be 
used to lower a rescue load, get a BMS microrack ($100; 
better if you’re planning to do long drops), a stainless 
steel Scarab ($130), or lightest but most expensive, a 
titanium Scarab ($250). I have no financial relationship 
to either BMS Rescue or Conterra, though I’ve known 
Carroll Bassett of BMS for decades. 
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Rappel Management 

Rappelling can be dangerous. Let’s look at some data to 
see where the danger lies and consider countermeasures 
for the dangers, then discuss technique in general, to 
make rappelling safer and more efficient. 

Rappel Safety 

If you look at reports of rappelling injuries and deaths – 
good places to look include the US Occupational Health 
and Safety Administration (OSHA), Accidents in North 
American Mountaineering, and American Caving 
Accidents – patterns emerge. 

Improper rigging is one of the most common causes. 
On July 21, 2009 a firefighter was practicing rappelling 
from a helicopter and his rappel rig was connected to 
his harness only with a rubber ring. He fell to his death.

Prevention: a religious dedication to the principle 
that rigging always needs a formal double-check by 
another person. And when asked to do a double-check, 
take it quite seriously, and take the time to do it right. 
Pay careful attention to the proper rigging of brake bars 
on rappel racks, Scarabs, and similar devices. 

Losing control of a rappel is another common source 
of injury and death. On October 2005, another fire-
fighter was rappelling off a balcony at the fire station, 
and his single-wrap figure 8 descender stuck on the 
edge of the balcony; in trying to free it, he let go with his 
braking hand, and when he cleared the 8 off the railing, 
he was no longer in control and slid rapidly down, injur-
ing his elbow. 

Prevention: train yourself and your team members 
that, while on rappel, your braking hand leaves the 
rope only after you’re locked off and then tied off. 

Use bottom belays whenever possible. See the 
section on bottom-belaying a rappeller in Belaying a 
Rappeller on page 144.

An uncommon cause of rappelling deaths is rappel-
ling off the end of a rope. On October 7, 2008, Dennis 
Luther, a 54-year-old experienced climber, was in the 
Adirondack Mountains, and rappelled down a doubled 
rope, with a Prusik safety. The rope ends were not tied, 
and were not even. He rappelled off one end of the 
rappel rope and pulled the other end down with him, 
resulting in his death.

 ▸ Rappel rigging of rope and rappel device and har-
ness always needs formal double-check by another 
person
 ▸ Make sure no loose long hair or shirttails or similar 
that might get caught in rappel device
 ▸ Braking hand leaves the rope only after locked off 
and tied off 
 ▸ Use bottom belays whenever possible
 ▸ Tripping and falling over edge is greatest danger
 ▸ If not sure if rope will reach bottom: 
 ▸ Tie a figure 8 loop big enough to hold booted foot 
in end of the line you’re casting
 ▸ Triple-check first rappeller’s rig
 ▸ Have most experienced rappeller go over first, and 
be rigged into ascending system that can be put 
on rope if needed
 ▸ If possible, have at least first rappeller use multi-
purpose device like Petzl I’D, which will stop if you 
let go 

 ▸ Good rappel stance is with the legs spread and 
knees only slightly bent, and back straight
 ▸ If you know getting over edge to be a problem, can 
rig étrier over edge for rappellers to step up with to 

clear rappel device from edge 
 ▸ If rappelling over an edge, try to rig high, with a 
redirect on a tree
 ▸ To go over edge, can:
 ▸ “Bipod” with widely spread legs as hinge over 
edge
 ▸ Laying rope down as go over edge
 ▸ Keeping knees as straight as possible so rappel 
device does not catch on edge

 ▸ Can go over edge sideways, on hip opposite your 
braking hand.
 ▸ Do not extend your rappel device for an “auto-
block” safety below your rappel device: it is unsafe 
and may prevent you from getting over the edge
 ▸ A harness with low rappel attachment point, such 
as caving harness or ASRC Seat Harness, makes it 
easier to get over edge
 ▸ If you are stuck on an edge, never take your braking 
hand off the rope
 ▸ If need to stop and let go with braking hand, lock 
off device and tie off device
 ▸ No bouncing on rappel

I m p o r t a n t  P o i n t s
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Prevention: tie a figure 8 loop, big enough for a 
booted foot, in the bottom of the rope unless you are 
absolutely sure it reaches the bottom. 

By far the most common cause of death from rappel-
ling, however, is from not being clipped in or tied in at 
the top of a drop, and slipping or tripping and falling 
over the edge. Prevention: Act fearful of heights, even if 
you’re not. When appropriate, establish a “hot zone” or 
“safety zone” at the edge of the drop; people in the safety 
zone have to be tied in to a safety line, and wear helmets 
with chin straps secured. 

All of this needs to be taken in context, and with a 
very large grain of salt. OSHA collects reports of work-
related rappelling injuries and deaths, and tabulates 
them. And for the twenty year period 1989–2009, there 
were a grand total of… wait for it… six rappelling 
deaths. And nine injuries. If we add outdoor recreation, 
perhaps we can double these numbers. 

On a related note, Tod Schimelpfenig of the National 
Outdoor Leadership School showed that NOLS courses 
were safer than golf. Really. Those golf carts are danger-
ous. And just think about lightning strikes when you’re 
playing golf, or even more commonly while fishing or at 
the beach. In the USA in 2012, 28 people were killed by 
lightning strikes, and 139 injured.

Which means that rappelling may be dangerous, but 
you are on the order of maybe 10,000 times more likely 
to die on the way to or from the rappel in an auto acci-
dent. This doesn’t mean that you should take the safety 
rules lightly, because those are what make us safer on 
the rope than we are on the golf course. 

Stuck on Rappel

At the beginning of this section, we mentioned that you 
should make sure long hair or shirttails or a fold of your 
abdominal skin or anything similar gets caught in the 
rappel device. But sometimes this happens, and some-
one gets stuck halfway down. 

If you’ve rigged your rappel line with a tree wrap, 
then the easiest solution is to use the tree wrap as a 
lowering device to lower the person to the ground. But 
you don’t always have that option, so sometimes you 
have to rappel down to, or ascend up to, the person who 
is stuck. 

Two or three times in some 45+ years of rappelling 
both above- and below-ground I have seen this happen 
times. On my rescue harness I now carry a pair of small 
paramedic shears attached to the harness with one of 
those reels some people use for their keys. That way if 
I’m using those scissors (much safer than using a knife 

in a vertical environment) to free the entanglement, I 
won’t lose the scissors if I drop them.1 

First Down the Rope

If you’re going down the rope first, there is nobody to 
do a bottom belay. What can you do to make sure your 
rappel is a safe as possible?

To ensure the safest rappel, especially if you’re not 
sure the rope reaches the bottom: 
• Tie a figure 8 loop big enough to hold a booted foot 

in the end of the line you’re throwing over.
• Triple-check the rappel rig: you and two other 

1 Rescue Essentials EMT 3.5” (Mini) shears, and Key-BAK Heavy 
Duty SECURIT Retractable Reel 48” reel.

Edge that Tends to Trap Rappel Devices
Ben McCandless

Rappel Device, Extended for Prusik Below, Catching on Edge
Ben McCandless
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people.
• Have your most experienced rappeller go over first, 

and be rigged into an ascending system that can go 
on the rope if needed.

• If possible, have at least the first rappeller use a mul-
tipurpose device like the Petzl I’D, which will stop if 
you let go of it. 

Rappel “Self-Belays” (“Autobloc”)

Some people who don’t know better try to make a rap-
pel safer with a self-belay (“safety,” “autobloc”). 

The idea is to attach a Prusik-like knot above or below 
your rappel device and that this, purportedly but not in 
real life, will make your rappel safer. 

You can attach a Prusik above your rappel device. 
Or any one of the other 35 or so ascender knots; people 
tend to experiment with rappel safeties for some reason, 
likely trying to find one that can be loosened under 
tension. The Penberthy knot I used a few times 45 years 
ago works this way, sometimes; you can press down on 
the top and loosen the knot. Maybe. The problem with 
this is as follows. If you are inexperienced and you lose 
control of your rappel, where do you instinctively put 
your hands? On the rope above you. Which means (a) 
your braking hand is no longer braking, i.e., no longer 
multiplying the friction in the rappel device, and (b) 
now that you’ve grabbed the Prusik, it’s going to start 
slipping. Sizzle as the Prusik slips and melts in your 
hand. Then splat.

You can also fasten a Prusik safety to the rope below 
your rappel device, and attach it to a leg loop. But then 
you may have to insert a biner or a little sling to get 
your rappel device up high enough that the knot doesn’t 
get caught in it. But then your rappel device is far away 
from you, so it’s hard to control. And it makes it harder 
to get over edges or ledges when your rappel device is so 
far away from you. And it’s a lot harder to tie off when 
it’s that far away.

I tried both kinds of Prusik rappel “safeties” 45 years 
ago. (Actually, on my leg loop I used a Penberthy knot. 
Even then, people were experimenting with their rappel 
safeties.)

In the space of about 6 months, I firmly convinced 
myself that these “safeties” cause far more danger than 
rappelling without one and I have refused to use one 
ever since. Now there is evidence that this is the right 
thing to do. 

A study of Prusik safeties for rappels by Dr. Ron 
Farmer called A scientific study of common friction knots, 

 

F a l l  L i n e
 Field II

“Fall line” means different things in different contexts. We use it in two 
ways in this textbook.

In the geography section of the Survival and Wilderness Travel chapter, 
“fall line” refers to rivers. Some rivers that start from springs in the 
mid-Appalachian mountains head west to the Ohio Valley and eventually 
to the Mississippi River and the Gulf of Mexico. But east of the Eastern 
Continental Divide, rivers drain eastward to the Atlantic Ocean. After 
leaving the mountains, a river flows eastward across the Piedmont 
uplands. Once it reaches the edge of the relatively hard rock that forms 
the Piedmont foothills area, it encounters the softer rock of the Coastal 
Plain. By eroding that softer rock faster, it creates a waterfall. You can 
trace a line north and sound along the transition from the Piedmont 
to the Coastal Plain, and everywhere it crosses a major river you will 
find a waterfall. An example the Great Falls of the Potomac just west of 
Washington, DC. See https://en.wikipedia.org/wiki/Atlantic_Seaboard_
Fall_Line for more.

But in the context of this chapter, it means the most direct line down a 
mountainside. The Wikipedia article Fall line (topography) says: “a fall 
line refers to the line down a mountain or hill which is most directly 
downhill; that is, the direction a ball or other body would accelerate if 
it were free to move on the slope under gravity.… Mathematically the 
fall line, the line of greatest slope, is the negative of the gradient (which 
points uphill) and perpendicular to the contour lines.” And it shows 
a picture of a mountain heading straight down the fall line. https://
en.wikipedia.org/wiki/Fall_line_(topography). 

Assume you’re not a spherical rock rolling down the mountainside but a 
litter during a semi-tech evac. Assume further that the mountainside has 
obstructions like rocks and trees, and you have some ability to choose 
your course down the mountain. In that case, your course down the 
mountainside will not be precisely down the fall line. 

The further you deviate from the fall line, though, gravity will be trying 
to drag you sideways, back to the fall line. If you deviate far enough, the 
slightest stumble will see your litter sliding sideways across the moun-
tainside: a good way for one of your litter bearers to break a leg.

If you deviate from the fall line, and then get back on it, the rope may 
end up being caught on a small tree or a rock. If the tree breaks, or the 
rope slips off the rock, their will not only be a sideways pendulum – 
maybe broken legs – but a shock load to the entire system.

Sometimes you may want to deviate off the fall line to avoid some 
obstacle such as a large rock, a drop or an impenetrable rhododendron 
thicket. In such a case, you might be able to use a large anchor-suitable 
tree above the obstacle to deliberately redirect your belay around the 
obstacle as you pass it.

All of us involved in a semi-tech lowering should look down the fall line 
and anticipate problems down the slope. During a multi-pitch semi-tech 
lowering, if you’re a rope team member looking for a tree for the next 
belay need to select a suitable tree in terms of anchor quality. But also 
you need to look down the fall line where your tree will send the litter 
and make sure it’s a suitable slope for a lowering.

During a multi-pitch lowering, this might mean pausing to offset the 
lowering to one side or the other and contouring with the litter to get 
over to another tree anchor to do the next pitch. Contouring is moving 
sideways to the slope, at the same elevation. Climbers call this a tra-
verse. For such a traverse, you may need to belay the litter from above. 

https://en.wikipedia.org/wiki/Atlantic_Seaboard_Fall_Line
https://en.wikipedia.org/wiki/Atlantic_Seaboard_Fall_Line
https://en.wikipedia.org/wiki/Fall_line_(topography)
https://en.wikipedia.org/wiki/Fall_line_(topography)
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found that Prusik (and related knot) rappel safeties 
worked less than half the time.1

Gary Storrick has a web page devoted to the evils of 
Prusik style safeties for rappelling, including reports of 
Prusik failures, and even of a death directly caused by a 
Prusik safety.2

An Australian ropework site also provides some more 
stories about failures of these kind of rappel safeties.3

So: the evidence shows that these kind of safeties 
don’t work, likely give a false sense of safety, have never 
been documented to save anyone, and have been docu-
mented to hurt and kill people. Don’t use them. 

See also the section on bottom-belaying a rappeller, 
in Belaying a Rappeller on page 144.

Rappel Technique 

Good rappel technique likely makes rappelling safer. 
First, you need to make sure you don’t have anything 

loose, such as long hair or loose shirttails, that might get 
caught in your rappel device.

Second, you need to rig in for your rappel and then 
double-check that you’ve got your rappel device and 

1 https://web.stanford.edu/group/alpineclub/info/frictionknots.htm
2 http://storrick.cnc.net/VerticalDevicesPage/Misc/RappelSafetyPost.
html
3 https://www.ropelab.com.au/prusik-self-belay-issues/

harness rigged right, that you’re on the right rope, and 
that the rope is secured properly at the anchor.

Third, you get someone else to double-check those 
things for you. 

Good stance makes you less likely to fall over and 
lose control. On a free rappel (no cliff or pit wall to put 
your feet against), there’s not much choice; your harness 
keeps you in a sitting position. Your left hand grasps the 
rope above you, loosely, to control your position. This 
prevents you from leaning back too far. If you find you 
always have to hold on hard with that left hand, to keep 
from falling backwards, you need to consider a different 
harness design, one that supports you mostly upright 
on a free drop; usually this means a higher attachment 
point. 

If your feet are on the cliff face or the side of the pit, 
there is a tendency for you to fall to the right or the left. 
You can counter this by keeping your feet fairly wide 
apart. Sometimes you are rappelling on a cliff that has 
ledges and indentations. One way to deal with this is to 
keep your knees flexed, and extended on the indenta-
tions. It’s sort of like walking backwards on uneven 
ground. 

Often, the hardest part of a rappel is getting over the 
edge. While this may be true psychologically, the physi-
cal act itself is difficult. Part of this is due to the simple 
geometry. Play mathematician/physicist/engineer. 
Imagine a rope going over the edge of a perfect cube; 

Multipurpose Device Tie-Off 

Petzl I’D shown. Right and wrong ways to tie off with slipped overhand
Copyrighted material, used with permission, courtesy Richard Delaney, https://www.ropelab.com.au/ 

https://web.stanford.edu/group/alpineclub/info/frictionknots.htm
http://storrick.cnc.net/VerticalDevicesPage/Misc/RappelSafetyPost.html
http://storrick.cnc.net/VerticalDevicesPage/Misc/RappelSafetyPost.html
https://www.ropelab.com.au/prusik-self-belay-issues/
https://www.ropelab.com.au/
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the edge is a perfect 90° and the rope is flat against both 
the top and the side. Now, imagine a heavy bipod – an 
A-frame if you will – lifting up the rope on top. Further, 
imagine this bipod moving to the edge and then over 
the edge. As the bipod approaches the edge, it is stable: 
the weight of the rop and the bipod assure this. But 
there is a certain point, as the bipod is transitioning over 
the edge, where the bipod is no longer stable. Suddenly, 
the bipod flips over the edge, and the rope whaps down 
on the top of the cube. 

The bipod is your legs, and that sensation of suddenly 
falling over the edge and the rope whapping down on 
the top of the cliff is a sensation that few people enjoy. 
Some, who are not expecting it, panic, let go with their 
braking hand, and put both hands on the rope above the 
rappel device. An understandable instinctual response, 
but, in terms of survival of the fittest, maladaptive. 
Recognizing that this problem exists is the first step in 
compensating for it.

The easiest way to compensate for this is by rig-
ging. Rig the static line so it doesn’t go over the edge 
of the cube (cliff or pit edge) at 90°. If there’s a 3’ (1 m) 
diameter solidly-rooted tree right at the edge, rig up a 
bit high on it. If the nearest bombproof tree is a bit far 
away, but there’s a somewhat wimpy-looking tree right 
near the edge, throw a tree-wrap on that big far-away 
tree, and then rig a redirect high up on the tree at the 
edge. This can be a wrap of 1” tubular webbing with a 
carabiner to clip onto the rope. If you’re short on equip-
ment, you can even do another tree wrap high up on the 
semi-wimpy tree. 

Sometimes there’s just no way to rig high at the edge. 
In this case, getting over the edge without a shock load 
(in both physical and psychological terms) presents 
more of a challenge.

One technique is to get on your knees as you go over. 
You can even, while on your knees, roll over to the left 
side and go over on the left hip (keeping our braking 
hand away from the edge and free). This certainly will 
get you over the edge without that loud “whap” as the 
rope suddenly hits the ground. It’s pretty undignified, 
and hard to do. If you’re not an experienced rappeller 
and you’ve got to get over a difficult breakover at the 
top, it may be the best choice.

An option that takes more practice, but many prefer, 
is to “preload” – get right before the edge, get your feet 
on the edge, and then slowly put your weight on your 
rappel device, keeping any rope from slipping through. 
If you judge this just right – and it takes practice to 
figure out that “just right” – then you will slowly bend 
over backwards, slowly and gently laying the top part 
of the rope on the ground. Keep your knees straight as 
you do this; that seems to be one of the keys to success. 
This may a bit scary at first, but with practice you’ll find 

it is actually less scary than creeping over the edge on 
your left hip, which I now find scary. The bipod stance, 
with your knees locked and your feet wide-spread, will 
eventually start feeling quite natural.

Right after I bipod over the edge, one of my legs 
automatically moves down just a bit, even before I let 
any rope through the rappel device. It seems to provide 
a little extra stability, just like the common karate stance 
where one foot is back just a bit and turned a little bit 
out.

Another thing to think about: the closer your rappel 
device is to your body, the less likely it will get caught 
on an edge. So the practice of extending your rappel 
device away from your body – usually to accommodate 
a Prusik or other belay knot below the rappel device, 
attached to a leg loop – makes it more likely that your 
device will catch on the edge. 

This brings up the design of seat harnesses. If you’re a 
lumper rather than a splitter,1 there are just three types 
of store-bought seat harnesses. 

The most common used in SAR is a climbing harness. 
It is well-padded, has gear loops on the sides, the waist 
loop rides high, and has an attachment point that is 
fairly high, a few inches above your pelvic bone. This 
type of attachment means that it’s hard to invert (turn 
upside down). This is an advantage, unless you want 
to invert, for example, to reach a patient hanging on a 
rope, to attach your pickoff strap. Having a high attach-
ment point, though, makes it harder to rappel over an 
edge. But climbers are interested in climbing, not rap-
pelling over an edge.

 Caving harnesses rarely have gear loops (though 
you can add them if you wish). The Petzl Super Avanti 
is the classic example; I use one of these for caving and 
for vertical rescue where I’m going to be going up and 
down long stretches. Caving harnesses are not padded, 
so not quite as comfortable as a climbing harness, but 
still pretty comfortable. A caving harness is lighter and 
packs much smaller. The attachment point is lower, 
making it easier to invert – and to rappel over edges, 
which is something that cavers do all the time. If you 
think about it, a caving harness is more suitable for SAR 
than a climbing harness, though not as cool.

The third type of harness is a full-body or OSHA 
harness. This is meets the requirement for doing work 
on towers, washing windows, and other work-related 
ropework. It incorporates a seat harness and chest har-
ness all in one. It has attachments front and back. It is 
much heavier than climbing or caving harnesses. The 
only person I know who wears one for SAR uses it all 
the time for work, so he’s comfortable with it and willing 

1 For a given topic, a lumper prefers fewer subtopics, a splitter prefers 
more.
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to carry the extra weight. Like climbing harnesses, the 
attachment point is high, making it hard to rappel over 
an edge.

Since getting over the edge is by far the most danger-
ous part of a rappel – more loss of control occurs there 
than elsewhere on a rappel – lengthening the distance 
to your rappel device to have a Prusik below the rappel 
device is a bad safety bargain. The benefit of the Prusik 
below the device is far outweighed by the risk of losing 
control fighting to get your device over the edge. 

Once your rappel device is stuck on the edge, there is 
an almost overpowering need to use your braking hand 
to help pry the rappel device free. Even if you bring up 
your braking hand with the rope still firmly grasped in 
it, you won’t have the braking part of the rope under 
tension. And your hand won’t be in the right orientation 
to take the shock as your rappel device comes free. You 
probably can’t lock off your rappel device, as it’s stuck 
on the edge, and locking it off won’t help anyway, as you 
need to get that rappel device down the rope a bit.

This is the most dangerous part of a rappel, when 
people tend to lose control. In his book Rappelling, 
Tom Martin devotes an entire chapter to this problem. 
Anything that minimizes this danger makes your rappel 
safer. One of the keys is keeping your rappel device as 
close to your crotch as possible. Another is to keep your 
knees relatively straight as you’re bipoding over the 
edge; this gets enough slack in the rope so that when 
you go over the edge, your rappel device ends up below 
the lip. You can also try to go over the edge gently by 
preloading as your bipod stance starts gently going over 
the edge. This means you have to get to that exact sweet 
spot where you’re standing on the very edge with your 
legs pretty straight, then gently bend your knees slightly 
to lower the rope gradually to the edge. It takes practice. 
So practice. With someone you trust providing a bottom 
belay.

If you have to rappel over a fairly sharp knife-edge, 
consider attaching an etriér (set of foot loops) via a 
Prusik to the rope above the edge, or directly to the 
anchor if it’s close. This way, if your rappel device is 
stuck on the edge, you can put a foot in the loop and lift 
up a bit to get it loose.

When you are over the edge and you’re in the midst 
of your rappel, you may need to stop and let go with 
your braking hand. For example, you may need to con-
nect your pickoff strap to the person you’re trying to 
rescue. This is when you lock off the device and tie off 
the device.

One final note about rappel technique: bounc-
ing. Bouncing on rappel looks great on a video, but 
is frowned upon by all right-thinking SAR people. It 
increases stresses in the system, so makes anchors, har-
nesses, ropes, and rigging more likely to fail. Other than 

looking good on video, there is really no good reason 
for bouncing. 

Locking Off and Tying Off 
 Field II 

As you may have noticed from the pictures for the 
various rappel/lowering devices, we should distinguish 
between locking off and tying off a rappel device. 

Locking off a rappel/lowering device means jamming 
the rope somehow – different methods for different 
devices – so that your body weight will not cause you to 
continue down the rope, even if you take your brak-
ing hand off the rope. This is a quick-and-dirty way to 
secure your rappel or lowering device.

Tying off a rappel/lowering device or multipurpose 
device is an additional step after locking off. It means 
securing the rope so that a tug on the rope, or banging 
the rappel device against something, won’t accidentally 
unlock it and make you or the litter go splat. If you’re 
doing a third-man rescue of someone in the middle of 
a rope, and you’ll be hanging upside down, It’s a best 
practice to both lock off and tie off. The best way to tie 
off a rappel is with a slipped overhand on the main line, 
secured with a biner jam; look at the pictures for how 
to tie off like this, particularly Münter Hitch, Tied Off on 
page 168. 

For a rappel, it’s best to tie off on the tensioned main 
line above you; this means that, to release it, you are 
pulling down on something above you, which is easier 
than pulling something on your harness, as gravity is 
helping and it engages large muscles. Sometimes you 
have to pull down hard to get it to pop loose.

For a multipurpose device or a lowering device, Petzl 
recommends you tie a slipped overhand on the non-
loaded rope, but instead of tying it around the loaded 
line like for a rappel, just tie it by itself and then clip the 
loop into your anchor with a carabiner. The advantage 
to doing the slipped overhand and clipping it to the 
anchor is that, if the rappel/lowering device or multi-
purpose device fails entirely, your rope is still attached 
to the anchor.

Richard Delaney, although he calls it a slipped half-
hitch instead of a slipped overhand, shows right and 
wrong ways to do this in the diagram Multipurpose 
Device Tie-Off on page 179. Don’t tie a figure 8 knot 
in the loose rope, even if you clip it into the anchor. 
Do tie a slipped overhand in the loose rope and clip to 
the anchor. Do make sure that the slipped overhand is 
tied so that you can pull on the loose rope, not the rope 
between the slipped overhand and the multipurpose 
device or rappel device, to release it if needed.
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The technique to tie this correctly; I’ll assume you’re 
right-handed, you can reverse it if left-handed.
• With your left hand, grab the loose end of the rope, a 

foot or two from the device, and pull up a bight.
• Twist the bight to make a loop. It doesn’t matter 

which way you twist it.
• With your right hand, grab the loose rope on the side 

away from the loop in your left hand, make a bight, 
and push it through the loop on your left hand.

• Clip that loop you just pushed through onto the 
anchor with a carabiner.
The disadvantage to this technique is that, if some-

one bumps the handle on a multipurpose device like an 
I’D, and the rope starts slipping through and then the 
load comes on that slipped overhand, it is going to be 
very hard, and maybe impossible, to get it unhooked 
from the carabiner so that you can release the slipped 
overhand. Tying the overhand around the loaded rope, 
as the pictures for various rappel/lowering devices show, 
if the rope starts slipping, tightens the overhand without 
putting tension on the carabiner you use for a carabiner 
jam, at least every time I’ve tried it. And then you can 
pull on the loose end to release the slipped overhand, 
which you can’t with the Petzl method. 

Rappel Miscellanea 

It’s beyond the scope of this chapter, but switching over 
from rappel to ascend and back again is a very impor-
tant and difficult task for anyone doing technical rescue. 
If you want to go beyond simple rappelling and ascend-
ing, then this is the next skill to master, before you start 
learning third-man techniques for rescuing someone 
on a rope. Practicing, over and over, on a rope hanging 

from a tree in your backyard (or in my case, a rope 
hanging from the rafters of my Great Room) is essential. 
Also, if you’re planning to rappel as part of vertical cav-
ing, this is an important skill.

Next after this comes learning to rappel over a knot, 
and its reverse, ascending over a knot. This isn’t only for 
places where the drops are long enough to tie two ropes 
together. Think about that use of a butterfly knot: tying 
out a damaged section of the rope. 

Lowering yourself down a slope or cliff by rappelling 
is a good way to get down. We won’t discuss lower-
ing a litter down a cliff, as that’s technical rescue, and a 
subject for another time and place. But lowering a litter 
down a slope with a rappel device – now that’s definitely 
within the scope of this chapter. And, as with the story 
this chapter started with (can you still remember that far 
back?), semi-tech evacs downhill can be very efficient.

You could anchor a rope to a tree, and then attach 
a rappel device to the top of the litter and have the 
Litter Captain “rappel” the litter down the rope. In 
fact, this “traveling brakes” technique has been used 
extensively in the past, and I’ve done it before. Twice, if 
memory serves. It has justly gone out of fashion these 
days. For one thing, when you’re tending the litter, 
you’ve got enough to worry about without trying to con-
trol the rappel device, too. And when the rappel device 
is up out of your reach, it’s quite hard to vary the friction 
very much.

As in the opening scenario of this chapter, you 
can use tree belays very efficiently to get down a long 
slope, if you’re got a rope team of three people who 
are expert at the jobs of the Belayer, the Uphill 
Ropehandler, and the Downhill Ropehandler, 
and who are also expert at the downhill rope team rota-
tion, which is our next topic. 
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S u s p e n s i o n  S y n d r o m e  ( H a r n e s s  H a n g )
 Field II

If you hang on a rope in your harness, and you’re not actively 
climbing, rappelling or ascending, you tend to pass out and then 
die.

It goes by different names: suspension trauma, harness hang, 
and others, but suspension syndrome seems best. And it has 
alliteration1 and runs trippingly off the tongue. Wiktionary defines 
syndrome: A recognizable pattern of signs, symptoms and/or behav-
iours, especially of a disease or medical or psychological condition.

There are various theories as to what causes suspension 
syndrome. The most popular is that blood pools in your legs. 
First, your legs are hang down. Second, your leg loops act like 
tourniquets. There is evidence to support the venous pooling 
in the legs but not the tourniquet effect, see Venous Pooling in 
Suspension Syndrome Assessed with Ultrasound:

https://www.sciencedirect.com/science/article/pii/
S1080603219301644.

Why does this occur when you’re hanging in a harness and not 
when you’re walking around on the ground? 

1 Repetition of consonant sounds at the beginning of words..

It’s because the muscles in your legs squeeze your veins when you 
walk. This squeezing, combined with the one-way valves in your 
veins, this makes an efficient pump for getting venous blood out 
of your legs. 

But if you’re just hanging, it doesn’t work. And when all your 
blood is in your legs, then your heart runs out of blood to pump 
to your brain, and then you pass out. 

The study linked found that, of 20 volunteers, all had similar 
blood pooling in their legs, but only seven nearly passed out. 
Those who nearly passed out had a slowing of their pulses and a 
sudden decrease in heart blood output, maybe because of their 
hearts sensing the lack of blood. So (a) people are different, and 
(b) it’s complicated. 

When you’re standing for a long time, like on a parade ground, 
if you faint and fall flat and then blood returns from your legs, 
saving you. When you’re hanging in a harness, you won’t fall flat. 
Like on a parade ground, you can continuously tense and then 
relax your legs, to pump blood out of your legs back to your heart 
and brain.

If you’re going to hang on rope for a while, as for rescue train-
ing, see how to lower your head and elevate your legs in Chest 
Harnesses on page 130.

This might be a good first aid practice while the person is still on 
the line, as you’re getting ready to rescue/lower the person: lower 
the victim’s head and raise the legs with slings. 

There was some misinformation floating around that you should 
not lay an unconscious person with suspension syndrome flat 
as it might kill them. This was nicely debunked by Seth Hawkins 
and Skeet Glatterer in an article in the MRA Meridian in spring 
of 2019 (http://mra.org/wp-content/uploads/2019/06/Meridian-
Spring2019.pdf). 

Valves in the veins of the leg and arm, 1621
Via Wikimedia Commons, licensed under the Creative Commons Attribution 4.0 

International license, courtesy Wellcome Trust 

Venous Valve
public domain via Wikimedia Commons, courtesy ZooFari 

https://www.sciencedirect.com/science/article/pii/S1080603219301644
https://www.sciencedirect.com/science/article/pii/S1080603219301644
http://mra.org/wp-content/uploads/2019/06/Meridian-Spring2019.pdf
http://mra.org/wp-content/uploads/2019/06/Meridian-Spring2019.pdf
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Rope Team Rotation: Downhill 

 Field II 

The rope team rotation for belaying a litter uphill (see 
Rope Team Rotation: Uphill on page 156) necessar-
ily involves a delay as the Belayer moves uphill to 
become the Downhill Ropehandler. However, the 
rope team rotation is different going downhill, simply 
because the Belayer doesn’t need a ropehandler to pull 
the rope around the tree; the weight of the litter pulls it 
around the tree just fine. As long as the rope is stacked, 
or laying out in a nice straight line up the hill from the 
last lowering’s tree, it should feed to the new Belayer 
without any problems.

This has a couple of implications. First, the rope team 
positions need to have different duties. The Uphill 
Ropehandler, instead of having to help get the rope 
around the belay tree, can head downhill to the next 
belay tree, to become the Downhill Ropehandler, 
picking and clearing the path below the litter, and 
looking for a new tree anchor for becoming the next 
Belayer. 

Second, this means that the only delay is in getting 
the old Belayer out of belay stance and giving an 
“Belay Off!” and clearing the rope from around the 
tree and giving a “Clear!” and, a rope-length down the 
slope, the new Belayer backing around the tree and 
giving a “Belay On!” This is much shorter than going 
uphill. 

Since, in most mountainous areas, the roads tend to 
be in the valleys, most semi-tech evacs are downhill. 
And, with this three-member rope team rotation – as 

with the opening story of this chapter – this can go very 
fast, without need for the litter to do more than briefly 
pause during the downhill evac.

Perhaps at this point, you’re happy with a rope team 
of three for downhill; it sounds like a highly-efficient 
way to get a litter patient down a long, wooded hill. But, 
you may ask, why a rope team of three for going uphill? 
Why not four?

If you have a long uphill, it might make sense to set 
up a rope team of four. But long uphill semi-tech evacs 
are, thankfully for our lungs and legs, rare. 

What is more common is a mixture of uphill and 
downhill, much more downhill than uphill; usually 
there will be lot of downhill with scattered bits of uphill. 
A three-member team is optimal for downhill semi-tech 
evacs, and works fairly well for uphill as well.

Let’s take time out to discuss something known as 
operational friction. If you have had any significant 
experience in SAR, then you know what this is, even 
if not by that name. When members all know what 
they’re doing, and everything is going like well-oiled 
clockwork, we speak of low operational friction. When 
members are not sure what they’re doing, having to ask 
for guidance all the time, and making frequent minor 
or even occasionally major mistakes, we speak of a 
period of high operational friction. Actually, we tend 
to use more colorful language: “SNAFU”, “train wreck,” 
“nuclear train wreck,” “cluster.” 

Switching from a rope team of three to a rope team 
of four introduces a lot of operational friction. In fact, 
in training ~40 years ago, we found that the operational 

 ▸ Can do multi-pitch semi-tech lowering with almost 
no delay between pitches
 ▸ Rope team rotation going downhill:  
Uphill Ropehandler >  
Downhill Ropehandler >  
Belayer
 ▸ Uphill Ropehandler: 
 ▸ Hang onto and work way down tensioned rope 
downhill to and with litter
 ▸ Make sure rope does not snag

 ▸ Downhill Ropehandler: 
 ▸ Go downhill below litter, pick path and look for 
good belay trees
 ▸ When hear Belayer call Two-Oh!, point out 
belay tree to Litter Captain

 ▸ Litter Captain sets litter down below chosen 
belay tree, goes off belay
 ▸ As soon as hear Belayer above call Clear!, grab 
the rope, get into belay stance on tree, become 
next Belayer

 ▸ Belayer: lower litter with tree belay
 ▸ Keep eye on remaining rope
 ▸ When 20’ (6 m) of rope left, call Two-Oh!
 ▸ If and when 10’ (3 m) of rope left, call One-Oh!
 ▸ Litter Captain calls Off Belay! and you reply 
Belay Off!
 ▸ Clear rope from around tree, then call Clear! 
 ▸ Go downhill to ride down tensioned rope below 
next belay tree as new Uphill Ropehandler

I m p o r t a n t  P o i n t s
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friction of switching back and forth from a rope team of 
three to a rope team of four far outweighed any poten-
tial speed advantages. So we settled on a rope team of 
three, with the same names, for both uphill and down-
hill. It simplifies training quite a bit, and reduces opera-
tional friction during real evacuations. So, rope teams of 
three, downhill and up.

To summarize the roles for semi-tech downhill:
 •The Belayer:

while serving as the Downhill Ropehandler, 
you sought out a belay tree where you will then set up 
as a new Belayer. Once you’ve picked the tree, wait 
for the “Belay Off! … Clear!” from above, then 
back around the tree in proper belay stance and call 
“Belay On!” and once you hear an “On Belay!” from 
the Litter Captain, belay the litter. One additional 
thought, and a couple of calls that we have not discussed 
up to now: “Two-Oh!” and “One-Oh!” These are time-
honored climber’s calls that are particularly useful for 
downhill semi-tech. 

The thought: how does the Downhill Rope-
handler know when to pick out a specific tree for the 
next belay? The answer:

“Two-Oh!” translates as “you’ve got about 20’ 
(6 m) of rope left.” This is information both for the 
Litter Captain – to look for a good place to stabi-
lize the litter to switch belays – and for the Downhill 
Ropehandler to pick out a new belay tree. For the 
downhill rotation, the Litter Captain and the 
Downhill Ropehandler are right next to each 
other, so there can be a bit of informal communication 
to pick out a place that’s good for both belaying, and for 
setting the litter down, or at least temporarily anchoring 
it to a tree during the belay change. 

“One-Oh!” was not originally a standard call, but it 
spontaneously evolved. It seems to be a better call than 
“I am almost out of rope and you are going to 
stop very, very soon because I can’t belay you 
any further!” We could translate it as “you’ve got 
about 10’ (3 m) of rope left,” but the verbose call above is 
probably a better translation.
 •The Uphill Ropehandler:

As the last Belayer, you gave a “Belay Off!” and 
then cleared the rope from around the tree and called 
“Clear!” Now, as Uphill Ropehandler, you head 
downhill. You follow the untensioned rope below you 
down the hill, clearing any snags you might notice. 
But mostly you just keep moving downhill at a rapid 
pace. One you pass the new Belayer, you follow 
the tense rope that is carrying the weight of the litter, 
and you use it as a handrail as you speed down to the 
litter. You keep an eye on the rope, to make sure it’s 
not snagging on trees or rocks. The prior Downhill 
Ropehandler should have picked a nice route down 

the fall line (the route a ball would roll down the hill), 
free of any obstructions. But sometimes the rope snags 
on something. 

I’ve never seen a snag in the sense that it prevents 
the rope from lowering the litter, that would require 
it getting caught in a crack of the right size. It’s not 
impossible, it’s just that a different kind of snag is more 
common: the rope bends a bit around a rock or stump 
or tree. 

If the rope is bent a bit around a big, solid tree, 
that’s no big deal, and doesn’t need to be fixed. In fact, 

Semi-Tech Evac Descent: Rope Team Positions
In this configuration, left hand is belayer’s braking hand.

From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission.

Semi-Tech Evac Downhill: Rope Team Rotation
In this configuration, left hand is belayer’s braking hand.

From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission. 
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sometimes this allows a redirection of the route off the 
fall line, if needed to avoid a sharp drop or a patch of 
jagger bushes (remember, that’s Pittsburghese for any 
bushes with thorns).

But if the rope’s bent around a small rock or stump, 
that’s a different matter. It could slip off the rock or 
stump and suddenly drop the litter a few inches or 
more. It’s a judgment call what to do about this. In some 
cases, with just a slight bend, and judging the geometry 
carefully, it may be unlikely the rope will slip off, and 
appropriate to continue the evac as is. 

On the other hand, it may be better to get the rope 
off the offending object. There is no standard way to 
do this. You can ask the Litter Captain to move the 
litter to one side to make the bend into a safer straight 
line. In rare cases, you may need to flip the rope off the 
rock or the stump. The Litter Captain may be able to 
stop, go off belay, and untension the rope, at which point 
you can easily flip the rope off the offending object. If 
it is necessary to flip a rope off under tension, which 
should be a last resort, the knuckle-thumb grip used by 
the Downhill Ropehandler during an ascent would 
be the safest way to flip the rope off the offending object, 
presuming you wish to stay attached to all your fingers.

Once you get to the head of the litter, you stay 
there above the litter, continuing to monitor the line, 
and perhaps lending a hand with the litter. Once 
The Downhill Ropehandler turns into the next 
Belayer, you turn into:
 • The Downhill Ropehandler:

You head down below the litter, scouting the route, 
clearing it of loose rocks and logs as needed. You com-
municate and consult directly with The Litter Captain 
about the best route. “Head to the right of this next big 
tree to avoid a drop.” “There’s a nice big Tulip Poplar 
about 20’ below you, keep to the right of it and about 5’ 
past it is a good place to set the litter down for a minute 
while we switch belays.”

The technique for belaying or lowering a litter with 
a tree-wrap or a mechanical lowering device is fairly 
straightforward; it’s just like rappelling only upside 
down. If you consider that all motion is relative, then 
you’re rappelling your anchor and the Earth while the 
litter stays still.

Whether it’s a tree-belay or a mechanical device, 
your job is to give the litter a smooth ride. It does take 
a bit of practice, as you have to learn to control the 
descent gently, making no sudden changes in friction. 
We’ve covered how to change the friction on common 
mechanical devices already. For a tree belay, you just 
need to move one way or the other around the tree to 
control the friction. Remember to keep an eye on your 
rope! Give “Two-Oh!” at the right time. 

As with belaying a litter uphill, you keep the foot clos-
est to the tree or lowering device a bit ahead, and keep 
your braking hand always on the rope. Mostly you just 
need to adjust the friction up or down to keep the rope 
running at the appropriate rate for “Down Slow!” or 
“Down Fast!” What’s the right rate? You’ll have to 
learn from experience. In the words of Supreme Court 
Justice Potter Stewart, it’s hard to define but “I know it 
when I see it.”

If the litter is going over a bit of a breakover, where 
the slope becomes more steep, it may be appropriate 
for the Litter Captain to call “Stop! Preload!” 
(echoed by the Belayer) which means for the 
Belayer to prevent any rope from slipping through, 
and to increase friction in preparation for a harder pull.

In many semi-technical evacs, it’s possible for the 
litter team to put the litter down securely so that they 
may be off belay. If the slope is too steep for this, then a 
short rope attached to the head of the litter, with a figure 
8 knot on the end and a locking carabiner, can be passed 
around a tree, several times if needed, and clipped back 
into itself to secure the litter during the belay change.

Some people say that the Belayer should stay on 
belay until the Downhill Ropehandler is in posi-
tion as the new Belayer. No. If you’re using tree belays, 
and the litter falls while the Downhill Ropehandler 
is just getting into position as a new Belayer? And 
the old Belayer holds the fall? The Downhill 
Ropehandler who is in the process of becoming the 
new Belayer could get squished in the loop of rope 
suffer a significant injury to the abdomen, resulting in 
potentially-fatal liver or spleen lacerations. 

Instead, the litter should briefly go off belay, secured 
in an alternate manner, as the belay is changed. If using 
mechanical brakes such as a Figure 8, rappel rack 
or Scarab, then the crush-injury risk is to the lower 
belayer’s hands, so even then, the litter should go off 
belay, even if the Litter Captain needs to flip a tag 
line from the head of the litter around a tree three times 
to secure the litter.

Having two separate belayers active at the same time 
also presents another danger: confusion. When the 
Litter Captain calls “Belay Off!” what if the wrong 
belayer goes off belay? Stick with a single belayer at a 
time. 

The Litter Captain has gotten the litter to that 
good place right below that Tulip Poplar you want to 
use for a belay tree. You’re already in position above the 
Tulip Poplar, ready and waiting… As soon as you hear 
the “Belay Off! … Clear!” from above, you back 
around the tree enough times to provide adequate fric-
tion. As the new Belayer, you call “Belay On!”

And then we repeat the process, over and over, until 
we’re done.
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Tree belays can “girdle” a tree, removing the bark all 
around the tree, which kills it. Coniferous trees such as 
pines or Eastern Hemlock may be OK for a tree-wrap 
for a static line, but you wouldn’t want to do a tree belay 
on one. The bark is thin, and the sap is very sticky; 
you really, really don’t want pinesap on your rope. You 
shouldn’t do tree belays on hardwood trees with thin 
or delicate bark, such as Paper Birch, American Beech, 
Black Cherry or Ironwood. Large oak trees are ideal for 
a tree belay. As a conservation effort, some SAR teams 
have moved away from tree belays to always using 
slings and lowering devices. However, every SAR team 
member needs to know how to do a tree belay, and this 
requires practice. Many SAR teams tend to practice 
on the same hillside over and over. If you’re just doing 
this with one person tied onto the end of the rope, 
rather than a full litter and litter team, you can do this 
on thick-skinned trees without worry. But if you’ve got 
thin-skinned trees, or are doing this with a full litter, 
then a bit of conservation-mindedness suggests scouting 
out good trees on the fall line up and down the hillside, 
and padding those trees with nice thick cotton duck pad 
wrapped completely around the trees at the appropriate 
height. 

If you’re doing a tree-belay semi-tech evac downhill 
during a real time-sensitive rescue, don’t pad the trees. 
Considering how much paper and wood we consume 
every day, a few trees can sacrifice their lives to poten-
tially improve the medical outcome of the patient. 

Speaking of time-sensitivity, if you’re doing a semi-
tech descent with racks or Scarabs or 8s instead of tree 
belays, there is no need to take the time to tie a wrap-3 
pull-2 anchor around a tree. A modified basket hitch 
around the tree is better, and much faster to rig and 
derig. 

One final note: in order for the rope to be dragged 
down the hill without snagging, make sure it has no 
knot or rope bag on the top end. If you want to keep the 
rope bag attached to the rope, use the end with the rope 
bag to tie into the head of the litter, and put the bag in 
the litter with the patient. 

So we’ve discussed how to carry a litter up a hill with 
a tree belay, and how to slide one down a slope with 
tree belays or another rappel/lowering device. We’ve 
also discussed rappelling to get you down to a bottom 
of a cliff. Now we need to discuss how to get you back 
up that rope hanging on the cliff, and how to get a litter 
up a slope that’s just a bit too steep for the litter team to 
carry the litter. So that means:
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Ascending and Hauling 

The Prusik Knot 
 Field III 

You can’t do rescue these days without being intimately 
familiar with Prusik knots. We use them for tandem 
Prusik belays, we use them as ratchets for haul systems, 
we use them in Purcell Prusik systems; they’re every-
where. This came after testing in the 1980s showed that 
mechanical ascenders failed low shock-loads, spectacu-
larly, by either shredding the rope or exploding. 

If you’re new to SAR, you may therefore get the 
impression that Prusiks are good and mechanical 
ascenders are bad. It’s not that simple. 

When, as a pre-teen, I first started ascending fixed 
lines back in the 1960s, with Prusiks made of manila 
rope, we called it Prusiking rather than ascending, 

because people always did it with Prusik knots. In fact, 
the definitive but out-of-print 1973 book on ascend-
ing systems, by caver Robert Thrun, is even called 
Prusiking.1 And, as far as terminology, Bob was always 
adamant that the proper spelling is Prusik with a 
capital P, as it’s the proper name of the mountaineer/
music professor from the University of Vienna named 
Karl Wilhelm Prusik who invented it back in the 1930s. 
It’s not prusik or prusic or prussic (which is a kind 
of acid you should never put on a rope), and that it’s 
pronounced PREW-sick, not PRUH-sick. But it really 
doesn’t matter as long as you tie it properly and use it 
properly. 

1Thrun, R. (1973). Prusiking. Huntsville, Ala.,, National Speleological 
Society.

 ▸ Correct spelling: Prusik with a capital P, and correct 
pronunciation: PREW-sick
 ▸ Can use Prusik knot on a rope as:
 ▸ Ratchet (Progress Capture Device = PCD) 
 ▸ Part of hauling system 
 ▸ Belay for litter (tandem Prusiks)
 ▸ Ascender for personal ascending system to go up a 
static line

 ▸ When a belay to hold shock load from litter and litter 
bearers falling, use triple-wrap Prusiks.
 ▸ When a belay to hold shock load from litter fall, use tan-
dem Prusiks: two Prusik loops, one slightly longer than 
other
 ▸ For personal ascending system for moving a person up 
a rope, or part of hauling system not exposed to shock 
loads single double-wrap (or triple-wrap) Prusik or 
mechanical ascender: easier to slide on rope
 ▸ Mechanical ascenders designed to seize the rope as 
soon as move up rope, unlike Prusiks that need to be 
set with a tug
 ▸ Mechanical ascenders not used where exposed to shock 
load; they fail (explode) or cut the rope
 ▸ Multipurpose devices:
 ▸ Serve as lowering device 
 ▸ Serve as ratchet and pulley in a haul or belay system
 ▸ Can hold a falling rescue load
 ▸ Examples: Petzl Maestro, CMC MPD, Petzl I’D
 ▸ I’D lighter and smaller than MPD or Maestro but “pul-
ley” is non-rotating so less mechanical advantage with 
hauling

 ▸ I’D also usable as very-safe personal rappel device, 
ascender

 ▸ “Tend” tandem Prusiks, in context of hauling system: 
when haul team stops hauling and Haul Team 
Captain calls “Set!”:
 ▸ Pull down on Prusiks
 ▸ Make sure Prusiks are “set” (seizing main rope)
 ▸ Echo “Set!”

 ▸ Can use Prusik loop or Purcell Prusik lanyard (longer, 
adjustable rope with Prusik loop on end) to attach seat 
harness to safety line at the top of drop, and move along 
the safety line to exactly where need to be  
 ▸ May also attach seat harness to safety line with 
mechanical ascender on a lanyard; ascenders faster to 
get on and off than Prusik
 ▸ If safety line stretched horizontally between trees, and 
attaching handle-type ascender, may need to secure it 
to safety line with extra carabiner so doesn’t twist off 
rope during fall 

 ▸ Ascending systems attach Prusiks or mechanical 
ascenders to body in different ways to allow to safely 
and efficiently climb static line
 ▸ Ascending system must be double-redundant: two 
ascenders attached to seat harness
 ▸ Basic system uses three Prusiks (“three-knot” system), 
Purcell Prusik System is optimized three-knot system
 ▸ Systems like Frog or Texas Inchworm excel at getting 
up long drop efficiently; others are better at switching 
between ascending and descending but not so good at 
efficiently ascending long drop

I m p o r t a n t  P o i n t s
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 Of course, back in those days, manila Prusiks 
worked a bit better than nylon Prusiks, at least as far 
as ascending. They were easier to break loose from the 
static line, so you could move faster than with nylon on 
nylon Prusiks. But once we moved to nylon Prusiks on 
nylon rope, Prusiking was harder. So we tried things 
like Bachmann knots: putting a carabiner through the 
middle of the Prusik, so it was easier to break loose 
from the rope. A bit better, maybe as good as those old 
manila Prusiks. 

But people are ingenious and started working on even 
better ascending devices. There were tens of different 
ascender knots – we discussed the Hedden knot, and 
its upside-down variant, the Klemheist knot, in the sec-
tion on knots, as an improvised technique for making 
an ascender knot out of webbing – but none was really 
much if at all superior, and the Prusik is the knot that 
survived this period of climbing and vertical caving. 
And the Prusik what we routinely use to construct haul-
ing systems, although multipurpose devices are start-
ing to replace them (See Multipurpose Devices on page 
136). 

Ratchets/Progress Capture Devices (PCDs) 
 Field II 

We use Prusiks for different things. We use the Prusik 
loop without a Prusik to clip into the litter rail for a 
steep semi-tech evac, though a webbing loop runner/
sling will work just as well. 

We can use Prusiks to ascend a static line.
But we can also use Prusiks as a ratchet, known by 

people who like TLAs as a PCD. (Three Letter Acronym, 
Progress Capture Device.) 

When you are hauling a litter up a hillside, you don’t 
want it to slip back down the hillside when you stop 
to reset the hauling system. The traditional way to do 
this is to run the rope through a rescue pulley before it 
goes to the haul team/haul system. And, just before the 
rope leading up from the litter reaches that pulley, put a 
Prusik or two on the rope and clip them into the same 
biner as the rescue pulley. (Actually it’s best to clip the 
Prusiks into the biner before the rescue pulley, see the 
sidebar Soft, then Hard on page 152.) For rescue situa-
tions, it’s traditional to use two, as it’s safer and stronger; 
see the section on Belaying with Prusiks on page 149.

Why, might you ask, don’t we use one of those light-
weight pulley-ratchet combinations that climbers use to 
haul packs up a multi-pitch climb?1 Because, if there is a 
shock load on the rope, as might happen with four litter 

1 An example is the Petzl Micro Traxion, https://www.petzl.com/US/
en/Sport/Pulleys/MICRO-TRAXION, but there are others.

bearers, the patient and the litter, that little device either 
explodes or cuts the rope in two. Oops. 

There are multipurpose devices that serve this func-
tion, such as the Petzl I’D, the CMC MPD, and more 
recently the Petzl Maestro; see Multipurpose Devices on 
page 136. The CMC 540° device can serve as a belay 
but not as a ratchet in a hauling system. 

These are expensive and heavy, and so the combina-
tion of rescue pulley with two (“tandem”) Prusiks is the 
default ratchet. The topic of “Prusik-minding pulleys” is 
discussed in Pulleys on page 135.

People argue about whether you really need someone 
(we call this person the Belayer even if we’re hauling) 
to “tend” the tandem Prusiks. “Tend” in this context 
means that, when the haul team stops hauling and the 
Haul Team Captain calls Set!, to pull down on the 
Prusiks and make sure they are set (seizing the rope) 
before echoing Set! 

Mechanical Ascenders 

An ascender is a mechanical device that does what a 
Prusik does, only (a) it slides up the rope easier, and (b) 
it’s designed to go up the rope, so that trying to go down 
with it is difficult. They are mostly used for moving you 
up a static line, also known as a fixed line. A static line is 
a rope that is attached to an anchor at the top of a drop, 
often a vertical drop.

Ascenders can also work as a ratchet/progress capture 
device (PCD), when you’re using a rope to haul some-
thing up a drop. However, few if any ascenders are rated 
to take the shock if a litter, patient and attendants falls 
a bit (a “rescue load”), and this is borne out by testing. 
There are a few relatively new multipurpose devices that 
can act as ratchet for a rescue load, and that can hold 
a fall from a rescue load; see Multipurpose Devices on 
page 136.

Today, there are many brands of ascenders, though 
it seems that Petzl, a French company that started out 
manufacturing caving equipment, tends to dominate. 
Spring-loaded ascenders seem to predominate over the 
old Gibbs free cam design (see the sidebar Ascenders: 
A Personal History on page 191). You can get ascend-
ers with or without handles. Though handles are handy 
for some applications, they also encourage you to pull 
yourself up by your arms, rather than using your legs. 
But they’re handy to connection yourself to a safety line 
at the top of a cliff or other drop, and with the handle, 
it’s easy to reposition them so that you can be precisely 
where you want to be. 

It is common to have safety lines (ropes) near the top 
of drops such as a cliff or a pit in a cave. 

https://www.petzl.com/US/en/Sport/Pulleys/MICRO-TRAXION
https://www.petzl.com/US/en/Sport/Pulleys/MICRO-TRAXION
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You can use a Prusik loop or a Purcell Prusik lanyard 
(a longer, adjustable rope with a Prusik loop on the end) 
to attach your seat harness to a such a safety line, and 
move it along the rope to exactly where you need to be.

You may also attach your seat harness to the safety 
line with a mechanical ascender on a lanyard; ascend-
ers are faster to get on and off such a safety line than a 
Prusik.

If the safety line (rope) is stretched horizontally 
between trees (horizontal), and you are attaching a 
handle-type ascender, you may need to secure it to the 
safety line with an extra carabiner so that it doesn’t twist 
off the rope if you fall. If the safety line is leading from 

an anchor towards the edge, and you are the only person 
attached to it, you don’t need to do this. 

To some degree, now that we have lots of good brands 
of ascenders available; what matters more than the 
brand of ascender is how you attach them to your body 
and use them as:

Ascending Systems 

Rappelling and lowering a litter are very similar. For that 
reason, we looked at rappelling in detail. Ascending a 
static line (fixed rope) is not all that much like hauling 
a litter up the side of a mountain, either in terms of the 

 

S p e l e o l y m p i c s  S u r p r i s e

To further entertain, amuse and educate you about the importance of 
ascending systems, let me tell you a story about how to use Jumars the 
right way. First a digression. Have you heard about Speleo-Olympics? 
These are games that pit cavers against each other in games of caverly 
skill. 

They occur at the annual National Speleological Society convention, 
and at Old Timer’s Reunion (“OTR” to caver-cognoscenti) in West 
Virginia each summer. (That’s the thing that’s held at an “undisclosed 
location.”) However, the OTR games also sometimes include unofficial 
contests like jousting while sliding across a Tyrolean traverse naked.

Some of the contests are pretty tame, like being given a bowl of parts, 
and assembling them into a carbide lamp (uses calcium carbide and 
water to generate acetylene gas for a flame inside a reflector; it was a 
standard caving light for almost a hundred years) and getting the light 
going, as fast as you can. While blindfolded. And cable ladder climbs 
– my daughter Laurel won that one for her age class at Old Timer’s 
Reunion a few years ago.

But others are a bit more challenging, such as obstacle courses. Just 
imagine what a caver’s obstacle course would be like. While working in 
the OTR medical tent, which is actually a pavilion with a roof, concrete 
floor and tarp walls) I saw one guy who dislocated his shoulder during 
the obstacle course. But being a tough caver, he finished the course. 
And won. And only then he came to the med-tent. I had another guy 
who managed to get a corneal laceration from being dragged through 
a gravel crawl on his face (that one you could have an assistant for). 
He wouldn’t go to the ED, so I sterilized the scissors on my Swiss 
Army Knife and used it to trim off the little flap of corneal epithelium 
that was hanging off his eye so it would heal better.

At the Speleo-Olympics, the vertical contests are the big deal. Cavers 
actually train for years, and tweak their ascending rigs over and over, 
so that they can get the best times ascending various lengths of rope 
the fastest. 

I’m not talking about the vertical hell contest, which is different. The 
vertical hell is a bunch of – well, long things – tied or clipped together 
to simulate a vertical rope. There have been lengths of chain, and even 
a kitchen sink. Prusiks work better on this than mechanical ascenders.

But the big contests are the 30 meter and 120 meter rope climbs. And 

now to the story.

Once upon a time, the University of Virginia Cave Club was having a 
vertical practice in the gym. A rappel rack was rigged to an anchor in 
the gym floor. A 300’ (100 m) rope was run through this rack, up to a 
pulley on a girder on the ceiling, thence down to the floor. So as you 
climb up with your ascenders/ascending rig, someone could lower the 
rope through the rappel rack. This way you could simulate climbing a 
300’ (100 m) pit. 

Well, this same weekend, Gene Harrison, one of the ASRC’s founders, 
was in Charlottesville for a conference. And none of the UVA cavers in 
the gym knew Gene - who was not only an experienced caver, but also 
a leading contestant in the 30 m vertical climb at the Speleo-Olympics. 
And Gene had his truck with him. With his vertical racing rig. 

Now, his racing rig was a kind of hybrid system, a Mitchell-ish sort of 
system (search the Web for “Mitchell ascending system”) with Jumars 
but with double rescue pulleys on the shoulder rather than the chest. 

Forty-five years later, Gene says he still has this rig. Great for racing as 
long as you have strong arms, but a real bitch to get over an edge. It 
won him multiple races.

So we worked out a plan. When Gene got a lunch break, he wandered 
over to the gym. In his coat and tie. So Gene was standing there with 
his mouth open, looking at people practicing with their rigs. I was 
sitting there getting into my rig (actually Gene’s racing rig) when Gene 
said “Gee, guys, that looks like fun. Can I try?” So I offered to let Gene 
use my (his) rig to try to ascend the rope. And Gene fumbled as I 
showed him how to rig onto the rope. And then started very slowly and 
unsurely up the rope. “Gee, this is hard. Hang on, I think I’ve got the 
trick now…” and Gene started moving up the rope so fast the person 
on the rappel rack could barely let out the rope fast enough.

Seeing the expression on the faces of all those experienced vertical 
cavers was wonderful. 

The points being (1) cavers put an insane amount of though, time, 
effort and money into their ascending rigs, (2) a good ascending 
system can let you move up a rope quite efficiently, and (2) a good 
ascending system is one where you’ve adjusted everything to be just 
right for your body, and with which you’ve practiced.



8: Nontechnical and Semi-Technical Evacs 191

 Ascending and Hauling        Ascending Systems         

ascending devices or systems. So we will not spend as 
much time on ascending systems as we did rappelling. 

Back in the old days, when we were using manila 
Prusiks, the standard rig was a three-knot system. It’s 
still a good way to start learning how to ascend.

Attach one Prusik to your seat harness, so that the 
Prusik is on the rope at a low chest height. Attach 
another Prusik to your right foot. The Prusik on the 
rope should be well below your seat Prusik, at about 
the knee level. This Prusik is not a simple loop, but a 
bowline or figure 8 loop with a long tail, and in this tail 
is another bowline or figure 8 loop sized to fit your foot. 
Some people would tie a slip knot instead, so the loop 
would cinch around your foot. Others found this pain-
ful on their foot, so would tie a bit of rope onto the loop 
to go around the back of your heel, or a bit of elastic to 
go all the way around your boot. These are sometimes 
referred to as “chicken loops” though most people put 
them on not out of fear, but more out of frustration with 
having to repeatedly put the loop back on a foot while 
ascending a rope. See How to Fasten a Long Prusik Loop 
to your Foot with a Chicken Loop on page 196 for a 
simple, easy way to do this.

 The third Prusik attaches to the rope above your seat 
Prusik, at about shoulder height, with a long tail down 
to your left foot.

Some variants have both foot Prusiks attach to the 
rope below the seat harness. Where you attach the foot 
Prusiks seems a matter of taste, not a matter of safety or 
efficiency. 

To use this system, you stand up on both your foot 
Prusiks while quickly sliding up your seat Prusik at the 
same time; as soon as the seat Prusik’s up a foot or two, 
you sit back down in your seat harness. It’s important 
when you do this to arch your back and bend your 
legs back. This way you are using your leg muscles to 
stand up rather than your back and arm muscles to pull 
yourself up. 

You then move one foot Prusik up, then the other. 
Your then stand up on both foot Prusiks, while quickly 
sliding up your seat Prusik at the same time; as soon as 
the seat Prusik’s up a foot or two, you sit back down in 
your seat harness. And you repeat, over, and over, and 
over…

The Purcell Prusik System is an optimized three-knot 
system and details of how to make it follows. 

Now that we’re talking about ascending systems, let’s 
combine this with a thought from the sidebar Ascenders: 
A Personal History on page 191, the European Death 
Hook (Hiebler) ascender that falls off the rope if you 
wiggle it wrong. What happens if you’re using European 
Death Hooks instead of Prusiks? What if, just as your 
moving the seat Hiebler up, it falls off the rope?

 

A s c e n d e r s :  A  P e r s o n a l  H i s t o r y

The first mechanical ascender I tried, in the mid-1960s, was the Hiebler 
ascender, created by European climber Toni Hiebler. After using them 
on one free ascent, I went back to Prusiks. They worked pretty well, in 
that they moved up the rope well, and gripped the rope well. Despite the 
fact that mine had the little safety clip shown in model (B) at https://ver-
ticalarchaeology.com/2014/02/07/salewa-hiebler-ascender/, I realized 
that if you wiggled them as moving them up the rope, or even looked at 
them wrong, they would fall off the rope. They were renamed “European 
Death Hooks” by North American vertical cavers. 

The next ascenders I tried were Jumars. They’d been made in 
Switzerland since 1958, but didn’t arrive in North America until the late 
1960s. I got a pair. They didn’t fall off the rope! The Hieblers went in 
the trash, but the Jumars are still in my vertical rescue bag. I read the 
instructions that came with them and rigged them as recommended, 
an experience I will relate in the next section, on ascending systems. 
Jumars used a spring-loaded cam, which means that the toothed cam 
is being pressed up against the rope all the time. This means you don’t 
have to worry about the cam coming loose and the Jumar slipping down 
the rope. It also meant a bit of friction as you pulled up the Jumar; and, 
if you were right at the beginning of the ascent, you needed someone to 
hold the bottom of the rope for you, else the Jumar would simply drag 
the rope up instead of moving up the rope. Either that our you had to 
get your thumb on top of the cam and press it down as you lifted the 
Jumar up the rope. But once you got going with Jumars, they were fast. 
Really fast. Prusiks you had to loosen and then push up. Jumars you just 
pushed up. With Jumars, you could go four or five times faster than with 
Prusiks. To this day, some European climbers talk about Jumaring a fixed 
line, regardless of what brand of ascenders they use. 

The only problem with the Jumars is that they were designed to be used 
in your hands: they have handles. There was no real way to attach them 
to different parts of your body. And so, in 1965, Charlie Gibbs, a vertical 
caver, developed the Gibbs ascender. Designed specifically to be attached 
to parts of your body, not operated by your hands, the Gibbs ascender 
had no handle. It also had no spring (later you could get spring-loaded 
versions, but you could still easily disable the spring). The cam was 
held against the rope by the weight of your body hanging on it. When 
unweighted, the Gibbs would slide freely on the rope, meaning less 
effort to pull it up. 

I saw Gibbs’ first demonstration with an ascending rig called The 
Ropewalker, at an annual convention of the National Speleological 
Society. I think Don Davison did the demo for Charlie. Don was in great 
shape and an experienced vertical caver. But still, seeing Don moving up 
a rope twice as fast as a Jumar rig! And with his hands free, using just 
his legs! I got Gibbs ropewalker rig and started using it right away. For 
long drops in caves, this was far superior to Jumars. Your legs are much 
stronger than your arms, so letting your legs do most of the work makes 
sense; you move faster and you’re a lot less tired at the top. 

When I first starting using Gibbs for vertical caving, we used lengths 
of 1” webbing to tie a Gibbs onto the right foot, another one onto the 
left foot with a sling that brought the Gibbs to knee level, with a loop of 
webbing above the knee to hold it in place, and the tail tied to your seat 
harness for safety. A third Gibbs was tied to webbing that went from you 
seat biner up and over your right shoulder, where the the Gibbs was tied 
in place, then down your back to where it tied onto the back of your seat 
harness. A variant we quickly learned to use was to run a bungee cord 
from the knee Gibbs to the shoulder webbing, rather than relying on the 
wrap around the knee to bring up the Gibbs. This crude ropewalker rig 
got me up any number of 200’ pits.

https://verticalarchaeology.com/2014/02/07/salewa-hiebler-ascender/
https://verticalarchaeology.com/2014/02/07/salewa-hiebler-ascender/
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Purcell Prusik: Tying the Purcell Prusik Lanyard or Foot Prusik
Courtesy Rick Webber, used with permission.
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If you are lucky, and don’t fall to your death, you may 
be hanging upside down by two broken ankles.

And even if they’re not as dangerous as European 
Death Hooks, Prusiks or other ascenders sometimes fail.

Therefore, redundancy is a core principle for ascend-
ing systems. Double-redundant, as in the double-redun-
dancy of the ASRC Seat Harness, is what you want for 
your ascending system. 

How? Simple. Just run a sling, or another tail with a 
figure 8 loop in the end, from one of your foot Prusiks 
(most people do it from the lower one) to your seat har-
ness. It takes a bit of work to get the lengths just right, 
so you can pull the Prusiks up without being limited 
by your safety line to the seat harness, but it’s not hard 
to do this. So now, any two of your knots could fail, 

and you’re still sitting in your seat harness and able to 
recover.

There are many variants on this ascending system. 
One of the most popular is the Texas or “inchworm” 
system. You set up one Prusik for your seat harness, and 
a single additional one that goes to both feet. So, you’re 
moving just two Prusiks: more efficient. Faster.1 

There are a couple of other principles that apply to 
ascending systems. The ones that are best for long free 
drops tend to be cumbersome to get on and off the rope, 
or with which to switch from ascend to descend and 
back again. But the ones that are easy to get on and off 
the rope tend to be not so good if you’re facing a long 
drop, or if you’re out of shape. 

1 See https://youtu.be/4_1MTxvR3TQ for a demonstration. 
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Purcell Prusik: Overview, Fitting
Leave bottom tail from medium foot Prusik long, 

tie figure 8 loop in end and clip into harness.
Courtesy Rick Webber, used with permission.
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Purcell Prusik: Placement 
Leave bottom tail from medium 
foot Prusik long, tie figure 8 loop 

in end and clip into harness.

Securing an Ascender on a Horizontal Rope (Two Acceptable Methods)
Public domain via National Park Service Technical Rescue Handbook

 

J u m a r  D e a t h - R i g

When I got my first set of Jumar ascenders, I eagerly looked 
at the little piece of paper that came with them that described 
how to use them.

The first rig I tried was what was shown in picture on that 
little sheet of paper. You take two long loops of small-diame-
ter kernmantle rope and girth-hitch each around the bottom 
of the handle of the Jumar, then tie a slipped overhand in 
the other end. You slip these over your boots. The loops are 
adjusted so that the Jumars are at chest height or a bit above. 
You tie a chest harness (that crossed-loop chest harness I 
dissed in the knots section) and clip a carabiner into the front 
of the chest harness, and around both of those rope slings 
from your Jumars to your feet. I kid you not, this was how the 
instructions told you to use them. 

After trying this once, I realized it didn’t work too well. In fact, 
it sucked royally. It relied on your arm strength to keep you 
upright. If you leaned back on your chest harness, your feet 
went far forwards, and you were hanging from the Jumars 
by your hands. And when your arms tired out, your chest-
harness carabiner ended up sliding down the slings to your 
feet. You end up curled up in a little ball, with your feet under 
your chin, and the Jumars far out of reach overhead. Perhaps 
this is why this became known, by North American cavers, as 
the “Jumar death rig.” 

Now, unlike the Hiebler “European Death Hook” ascenders, 
there’s nothing wrong with Jumars as ascenders. It’s the rig, 
the system, that’s the problem in the “Jumar Death Rig” and 
not the ascenders. 

So if you want to ascend safely and efficiently, you need good 
ascenders and a good ascending system. 

Since Jumars are good ascenders if you rig them correctly, 
you might enjoy the story in the sidebar Speleolympics Surprise 
on page 190.

https://youtu.be/4_1MTxvR3TQ
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If you’re a dedicated vertical caver now getting into 
SAR, you probably have an ascending system that has 
been tweaked over and over and that’s what you’ll use. If 
you’re a dedicated lead climber who also ascends fixed 
lines, you likely also have an ascending system that’s 
been tweaked over and over and that’s what you’ll use. 
The two systems are likely to be quite different. 

If you’re about to invest in ascenders and an ascend-
ing system, you would do well to read a paper on the 
National Speleological Society website about it; John 
Woods’ paper devoted to discussion of, and testing of, 
the currently most common ascending systems, the 
Mitchell and Frog systems,1 and Bennet Lee’s web page 
about how to build an ascending system that can switch 
between four different systems.2

If you’re new to ascending, and you need an ascend-
ing system, and you want to start with something cheap 
(Prusiks) before you consider investing in fancier 
systems or more expensive ascender, you should build 
yourself a:

Purcell Prusik System and Lanyard 

The Purcell Prusik was developed by Arnor Larson 
and named after the Purcell Mountains of southeastern 
British Columbia. The term Purcell Prusik now seems to 
be used in two ways. 

First, it can refer to a complete three-knot Prusik 
system. 

Second, it can refer to a specific way of tying a lan-
yard. Let’s deal with the second meaning first. 

Purcell Prusik Lanyard
https://www.animatedknots.com/purcell-prusik-loop-knot

The Purcell Prusik (lanyard sense)3 is a 16’ (5 m; though 
some say the original specified 3.5 m) length of 6 mm 
nylon kernmantle rope, tied with a figure 8 loop in one 
end, and the other end doubled back on itself into the 
figure 8 knot. That long bight is tied back on itself with 
a three-wrap Prusik. This makes an adjustable tie-in/
lanyard that, because the Prusik is tied onto doubled 
rope, can even be adjusted under a bit of tension. It also 
tends to slip a bit under a shock load, which provides 
a bit of protection against shock loads. In 2005, Mike 
Gibbs presented some information at the International 
Technical Rescue Symposium drop-testing existing 

1 http://caves.org/section/vertical/nh/53/MitchvsFrogPart2.pdf
2 https://bennettlee.com/caving/ascending-multi-system/
3 In the National Cave Rescue Commission, this is called a Quick 
Attachment Safety or QAS. 

lanyards: daisy chains and the like.4 Conclusions: never, 
ever use Dyneema or Spectra or similar non-dynamic/
static rope (see Rope Size on page 78) for a lanyard 
for rescue. And, no commercial climbing lanyards he 
tested were good for rescue (though, in response to this, 
manufacturers now offer shock-absorbing lanyards). 
In 2006, Mike presented another paper, in which he 
presented testing of a Purcell Prusik as a vertical rescue 
lanyard.5 Conclusions: a Purcell Prusik is an acceptable 
lanyard for vertical rescue shock loads, but commercial 
non-shock-absorbing alternatives are not.

If you’re looking for a general-purpose lanyard, for 
example, for tying into a safety line at the top of a cliff 
or the edge of a pit, or for vertical rescue to tie in as a 
litter attendant, this is what you want. Tie the Prusik-
loop end onto a safety line with another Prusik knot or 
clip into the vertical rescue litter rigging, and clip the 
small figure 8 loop into your harness. The theory is that 
if you panic and grab the lanyard, you’ll grab the figure 
8 instead of grabbing the Prusik and loosening it. This 
reasoning seems a bit sketchy to me. But it’s good to 
have a standard way to use this. And, if you’re trying to 
shorten the lanyard with one hand while holding onto 
something with the other hand, it’s easier to pull down 
on the Prusik to shorten the lanyard. 

As you’re tying this only to use as a lanyard, remem-
ber to make the figure 8 loop small, just big enough 
to clip into a carabiner. This allows you more room to 
adjust the Prusik loop and make it smaller. On the other 
hand, if you’re making two to use as foot Prusiks as well 
as maybe a lanyard, as described below, make the figure 
8 loop big enough for a double-wrap Prusik on the static 
line. You tie it just like as shown in the diagram Purcell 
Prusik: Tying the Purcell Prusik Lanyard or Foot Prusik 
on page 192, but you make the figure 8 loop just big 
enough for a carabiner.

Animatedknots.com (https://www.animatedknots.
com/purcell-prusik-loop-knot) shows how to tie a stan-
dard Purcell Prusik Lanyard. There are many variants; 
for a discussion and illustrations of the variants, see 
http://www.bluugnome.com/cyn_how-to/gear/purcell-
prusik/purcell-prusik-tether.aspx. 

4 Daisy Chains and Other Lanyards: Some Shocking Results when 
Shock Loaded. 
https://riggingforrescue.com/daisy-chains-and-other-lanyards/ and 
https://riggingforrescue.com/wp-content/uploads/2017/03/Daisy-
Chains-and-Other-Lanyards.pdf.
5 Lanyards Part II: An Examination of Purcell Prusiks as Personal 
Restraint Lanyards. https://riggingforrescue.com/lanyards-part-ii/ and 
https://riggingforrescue.com/wp-content/uploads/2017/03/Lanyards-
Part-II.pdf.

https://www.animatedknots.com/purcell-prusik-loop-knot
http://caves.org/section/vertical/nh/53/MitchvsFrogPart2.pdf
https://bennettlee.com/caving/ascending-multi-system/
https://www.animatedknots.com/purcell-prusik-loop-knot
https://www.animatedknots.com/purcell-prusik-loop-knot
http://www.bluugnome.com/cyn_how-to/gear/purcell-prusik/purcell-prusik-tether.aspx
http://www.bluugnome.com/cyn_how-to/gear/purcell-prusik/purcell-prusik-tether.aspx
https://riggingforrescue.com/daisy-chains-and-other-lanyards/
https://riggingforrescue.com/wp-content/uploads/2017/03/Daisy-Chains-and-Other-Lanyards.pdf
https://riggingforrescue.com/wp-content/uploads/2017/03/Daisy-Chains-and-Other-Lanyards.pdf
https://riggingforrescue.com/lanyards-part-ii/
https://riggingforrescue.com/wp-content/uploads/2017/03/Lanyards-Part-II.pdf
https://riggingforrescue.com/wp-content/uploads/2017/03/Lanyards-Part-II.pdf
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Purcell Prusik System

The Purcell Prusik system, in the sense of an ascending 
system, is the basic three-knot ascending system that 
I used to use with manila Prusiks back in the 1960s, 
with the seat Prusik above the two foot Prusiks. The 
seat Prusik is a is a simple Prusik loop, but the two foot 
Prusiks are diffferent-length Purcell Prusik lanyards; if 
you’re using your Purcell Prusik lanyards this way, you 
need to make the figure 8 loop at the end big enough 
that you can tie it onto the rope as a Prusik knot. You 
use the Prusik end of the lanyards to adjust the loops 
firmly around your boots. This has the advantage over 
slip knots that they won’t constrict further and squish 
your foot. If you’re using a three-knot system without 
this feature, using just simple long Prusik loops, you can 
use the foot “chicken loop” method that Victoria Airey 
shows in How to Fasten a Long Prusik Loop to your Foot 
with a Chicken Loop on page 196.

A note about using a Purcell Prusik system; since this 
is used for personal ascending, not for rescue loads, the 
Prusiks you tie onto the static line as two-wrap Prusiks. 
These hold a body weight just fine and are much easier 
to loosen and move up than a triple-wrap Prusik. 
However, the Prusik adjustable loops are always tied 
back onto itself with a triple-wrap Prusik. This Prusik 
is tied back onto doubled 6 mm rope, and experience 
shows that a two-wrap Prusik just won’t hold for this 
adjustable loop.

Tie the two foot Prusiks with 6 mm nylon kernmantle 
rope. Even though you will tie one shorter and one 
longer, so that one Prusik is above the other on the static 
line. you tie the foot Prusiks with equal lengths of 6 mm 
rope. (Which is not what some people will tell you.) Tie 
one full-length, and the other shorter as in the picture, 
For the shorter foot Prusik, use the extra length as a 
long tail coming out of the big figure 8 loop, and tie a 
single small figure 8 loop on the end, just big enough to 
clip into your seat harness. The original version didn’t 
have this extra tail, but this is what gives you double 
redundancy.

You can use the lanyard standard of 16’ (5 m) for each, 
or you can cut them to fit your height per the length 
tables in the sidebar (adapted from swiftwaterrescue.
com); I’d recommend the latter. Rick Weber’s diagrams 
and sizing tables, reproduced here, also show you how 
to fine-tune the sling sizes for your body size. This will 
make you significantly more efficient ascending a rope. 

You tie the seat Prusik as a single loop of 6 mm nylon 
kernmantle rope, tied with a double fisherman’s knot.

Although animatedknots.com has some excellent dia-
grams of how to tie a Purcell Prusik, you should ignore 
two things there. 

Height  
(m)

Medium 
Foot

Long Foot Seat

1.50 3.41 m 4.82 m 1.61 m

1.55 3.47 m 4.90 m 1.64 m

1.60 3.53 m 4.98 m 1.68 m

1.65 3.59 m 5.05 m 1.71 m

1.70 3.64 m 5.13 m 1.74 m

1.75 3.70 m 5.20 m 1.77 m

1.80 3.76 m 5.28 m 1.80 m

1.85 3.82 m 5.35 m 1.83 m

1.90 3.88 m 5.43 m 1.86 m

1.95 3.94 m 5.51 m 1.89 m

2.00 3.99 m 5.58 m 1.92 m

Purcell Prusik Rope Lengths for Person’s Height, Metric 
These lengths add 91 cm for a safety from the 

long foot Prusik to the seat harness.

Height  
(ft/in)

Medium 
Foot

Long Foot Seat

5’ 135” (11’3”) 191” (15’11”) 64” (5’4”)

5’1” 137” (11’5”) 193” (16’1”) 65” (5’5”)

5’2” 138” (11’6”) 195” (16’3”) 65” (5’5”)

5’3” 139” (11’7”) 196” (16’4”) 66” (5’6”)

5’4” 140” (11’8”) 198” (16’6”) 67” (5’7”)

5’5” 141” (11’9”) 199” (16’7”) 67” (5’7”)

5’6” 142” (11’10”) 201” (16’9”) 68” (5’8”)

5’7” 144” (12’) 202” (16’10”) 68” (5’8”)

5’8” 145” (12’1”) 204” (17’) 69” (5’9”)

5’9” 146” (12’2”) 205” (17’1”) 70” (5’10”)

5’10” 147” (12’3”) 207” (17’3”) 70” (5’10”)

5’11” 148” (12’4”) 208” (17’4”) 71” (5’11”)

6’ 149” (12’5”) 210” (17’6”) 72” (6’)

6’1” 151” (12’7”) 211” (17’7”) 72” (6’)

6’2” 152” (12’8”) 213” (17’9”) 73” (6’1”)

6’3” 153” (12’9”) 214” (17’10”) 73” (6’1”)

6’4” 154” (12’10”) 216” (18’) 74” (6’2”)

6’5” 155” (12’11”) 217” (18’1”) 75” (6’3”)

6’6” 156” (13’) 219” (18’3”) 75” (6’3”)

6’7” 158” (13’2”) 220” (18’4”) 76” (6’4”)

Purcell Prusik Rope Lengths for Person’s Heights, Imperial
These lengths add 36” to the long foot Prusik 

for a safety to the seat harness
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How to Fasten a Long Prusik Loop to your Foot with a Chicken Loop

This method provides two lengths of Prusik cord under your foot 
and one around the ankle to keep it from coming off: more support 
under the foot, less tightness around the ankle than alternatives.

1. Hold the Prusik loop in your hand so that there is about 2’ (2/3 m) on 
the ground  Twist the part of the loop on the floor once to create a loop.

2. Step onto the twist with the loop pointing the same way as your foot.
3. Bring the loop up over your foot and twist again.
4. Tighten that twist down on the top of your foot.
5.  Leaving the second twist on top of your foot, bring the end of the loop 

under your foot and then:
6. Bring the loop all the way around behind your ankle.
7.  Pull up on the Prusik loop to tighten on your foot and ankle.
 

Photographs by Keith Conover, foot and technique courtesy Victoria Airey
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First, their drawing of the Purcell Prusik system does 
not show the redundant safety to the seat harness that is 
required for this to be a safe ascending system. 

Second, the list of lengths they provide advise using 
a shorter length for the short foot Prusik, but this does 
not consider the extra tail needed for double-redundant 
safety.

Of course, even if you’re making a set of Purcell 
Prusiks as an ascending system, you’ve also got two 
lanyards that will serve well for vertical rescue.

So now we’ve discussed personal ascenders and 
ascending systems, used to get you up a cliff or out of a 
pit. Now let’s discuss how to get a litter up a slope that’s 
too steep for a litter carry, using:
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Haul Systems 

 Field I 

Haul systems are a big deal in technical/vertical rescue. 
Cave rescue, mountain rescue, fire rescue, EMS rescue, 
industrial rescue, all of them emphasize haul systems. 
You are expected to memorize the setups for different 
strengths of haul systems, and regurgitate the theoretical 
and actual mechanical advantage for each. 

There are T-shirts that have common haul systems on 
them, upside down, so you can look at them as you’re 
setting up the haul system. Being able to estimate the 
stresses in such systems, given the angles involved, 
especially for an operation involving a Tyrolean traverse 
(“highline,” but that’s such a boring term in comparison) 
can be important: tension a Tyrolean traverse too much, 
put even a small weight on it, and the stress can rip out 
a 4-foot diameter, 300-year-old oak tree. While this may 
be a safety concern, it’s also a conservation issue; we 
don’t have that many 300-year old oak trees. 

We don’t use haul systems for nontechnical evacu-
ations, and we only use very simple haul systems for 
semi-tech evacs. If it needs a complicated haul system, 
or a Tyrolean traverse (highline), it’s technical/verti-
cal rescue and not a semi-tech evac. So no T-shirts, no 
complex calculations, we’re just going to do some very, 
very simple haul systems here, and leave all that esoteric 
technical stuff for another time and place.

Yes, even in the simple haul systems you will learn 
here, you can get fairly high stresses, and you need to 

take notice of this. But it’s not as big a worry as it is in 
technical/vertical rescue.

For our consideration of semi-tech haul systems, let’s 
first consider an illustrative example of a:

Brute-Force Haul 
 Field I 

An obese, out-of-shape man weighing some 250 lb 
(115 kg), a tourist from Kansas, was driving along 
Skyline Drive in Shenandoah National Park with his 
wife. They stopped at the Timber Hollow Overlook in 
SNP’s Central Section (see map and pictures). With 
some effort, he clambered over the very short rock wall 
and ambled over to the flat rock you see in the pic-
ture. While taking a picture of the Shenandoah Valley 
below, he lost his balance, fell, and went over the grassy 
edge. He rolled down a 45 degree grassy slope onto 
the Appalachian Trail below. about 100’ (30 m) total 
distance, and is lying on the flat but narrow trail below. 
Medically, he seems stable, without any obvious injuries 
other than scrapes and bruises. But he does have some 
abdominal pain and mild right upper quadrant tender-
ness, and he says he can’t walk, just because he hurts so 
much “all over.”

You look at the options. You could do a carry along 
the Appalachian Trail to the nearest road crossing, using 
the wheel on your litter. But it’s about a mile (about a 

 ▸ Haul system has ratchet to keep litter from sliding 
back downhill
 ▸ Pulley and tandem Prusiks, or 
 ▸ Multipurpose device that replaces both pulley and 
tandem Prusiks (CMC MPD, Petzl I’D, or Petzl 
Maestro) 

 ▸ 3:1 Z-rig or a 3:1 piggyback mechanical advantage 
haul system adequate for almost all hauling for 
semi-tech evacs; can rig bigger mechanical advan-
tage such as 4:1
 ▸ Brute force “Georgia haul” system 
 ▸ Effective for semi-tech hauling
 ▸ Needs plenty of room
 ▸ Needs plenty of people to haul.  

 ▸ Rule of 12 for semi-tech evac rope and systems: 
 ▸ Do not exceed people-power of 12
 ▸ If have a 3:1 haul system, don’t have more than 4 

(four) people hauling
 ▸ If you a 4:1 haul system, don’t have more than 3 
(three) people hauling

 ▸ Ways to haul:
 ▸ Walking forwards: can see where going, allows 
to pull hard, as engages large muscles; less fine 
control than walking backwards
 ▸ Walking backwards: can’t see where going, not as 
much strength as hauling forwards, though more 
than hand-over-hand, allows best fine control
 ▸ Hand-over-hand: necessary if there is not enough 
room, produces jerky haul, does not allow fine 
control, most tiring: use both hands in hand-over-
hand fashion
 ▸ Merry-go-round variant runs haul line through 
redirect pulley, used in tight quarters

I m p o r t a n t  P o i n t s
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kilometer and a half) north to the nearest direct road 
access to the Appalachian Trail. You look at the narrow 
trail, and you look up the grassy slope about 100’ (30 m) 
up to the overlook. Neither way looks all that good, but 
this guy has abdominal pain and probably needs a CT of 
his abdomen. So you need to get him out soon. There’s 
a park ambulance responding, and you’ve got a Stokes 
litter, several ropes, and about 50 pounds of rescue gear 
in the truck. You think wistfully about simply using the 
winch on one of the maintenance trucks but none are 
anywhere nearby. You think about getting a tow truck. 
Tow trucks are great for this sort of thing. But you 
know from experience that getting a tow truck to this 
point on Skyline Drive will take a couple of hours. And 
you look around. You’ve got three other NPS Rangers 
right now, and you will have a few more in just a few 
minutes. But there’s an entire Student Conservation 
Association trail crew working a a tenth of mile south 
on the Appalachian Trail, with about 15 very fit young 
people who love nothing more than a challenge. Indeed, 
they heard the commotion and just arrived to see if they 
could help. They are already covered by insurance and 
worker’s comp, so there’s no reason you can’t use them 
to help.

You get the overlook blocked off so that you have the 
entire area to work with. The island between the over-
look and the Drive proper has a couple of just perfect 
anchor trees about 30’ (10 m) apart, about 50’ (15 m) 
from the edge. 

You start at the southernmost of the two big trees on 
the traffic island. You walk a straight line, perpendicu-
lar to the wall and the edge, right to the edge. You look 
below, and straight down below you is the patient. You 
turn to the other NPS Ranger. “This,” you say, “will be 
easy. And fast. We’re going to do this the minimalist 
way.”

You go to the rescue truck, and grab the following:
 • A 300’ (100 m) rope,
 • Two locking D steel carabiners,
 • Two rescue pulleys,
 • Two lengths of webbing for anchors,
 • One set of tandem Prusiks,
 • Eight extra Prusiks,
 • Four rope pads,
 • Some leather gloves,
 • Four lengths of webbing for load straps, and
 • nothing else. 

You figured it’s time to do a brute force haul and get 
this guy up the slope, into the ambulance, and out of 
your park as soon as possible. 

You send the litter down the slope with the end of 
the 300’ (100 m) rope rigged properly into the head of 
the litter. Given the size of this man, you pick your four 
strongest people as litter bearers, and send them down 

with the litter. To get them down, you wrap the rope 
around the tree and use a tree belay to rapidly lower the 
litter and the four litter bearers, which they all seem to 
enjoy.

While you’re doing this, you get a couple of your 
fellow Rangers to rig a modified basket hitch anchor 
on each of the trees, with a carabiner and rescue pulley 
on each, and the set of tandem Prusiks on the south-
ernmost tree, right above the patient. You undo the 
tree wrap, rig the rope through the pulley on that same 
southernmost tree, and attach the tandem Prusiks to 

Map of Timber Hollow Overlook, Skyline Drive, Central 
Section, Shenandoah National Park 

Map public domain via US Geological Survey
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the rope. You assign Joan, the most experienced of your 
fellow Rangers, to tend the Prusiks. 

You then route the rope through the rescue pulley on 
the northernmost tree, and then cast it down the slope, 
about 30’ (10 m) north of the patient. You place rope 
pads both on the wall and on the edge; you decide to 
move some large rounded rocks to be under the rope 
pads at the edge, as it’s just dirt and grass. The SCA kids 
volunteer to do this “We’ve had lots of experience mov-
ing big rocks!”

You pick eight of the SCA volunteers as a haul team. 
Thoughtfully, they’ve brought their own leather gloves 
so you don’t need to get any more out of the truck. You 
spend a few minutes briefing them.

“Listen up! We’re going to be doing what’s known as 
a brute force haul, also known as a Georgia haul, or the 
armstrong technique. 

“You are going to pull on this rope, and that’s going 
to pull the litter up this slope. See that set of Prusiks 
there? If you slip, those Prusiks will keep the litter from 
slipping back downhill. Jenny there will be tending the 
Prusiks to make sure they don’t jam and to make sure 
they set if and when we need them. 

“All of eight of you will be holding onto this rope 
here, and as you pull down on it, it will pull up the litter 
over there. You could all hang onto the rope and pull 
down, then set the Prusiks, climb up the slope, and then 
repeat it. But there’s a more efficient way to do this. 

“We’ll divide you into two teams of four; you four and 
then you four. Bill, you will be the top hauler in the low 
team, and we refer to you as the Belayer. Don’t worry 
about the title, I’ll explain what your job is in a minute. 

“You all know about Prusiks, from your trail work, 
right? Good. So all eight of you start spaced out about 
20 meters up this rope, a couple of feet apart – just 
enough so you’re not trampling on each other’s feet. 
Good.

“Now, attach your Prusiks and hang onto them with 
your hands; remember to wear your gloves.

“Good. Everyone in position?
“Now Bill and the three of you below him will hang 

onto your Prusiks, leaving them locked on the rope, and 
haul down until you’re hitting the Appalachian Trail, 
that’s about 20 meters, yards, whichever you prefer. Bill, 
you keep an eye out behind you, and when the bottom 
person hits the trail, you will call “Ready … Switch!” 
nice and loud.

“The four up you up top, while they’re hauling down 
with fixed Prusiks, you’ll be sliding your Prusiks up the 
rope and using the rope to haul yourselves up the slope.

“When you hear Bill call “Ready … Switch!” those 
of you on top will fix your Prusiks and pull on the rope 
with your whole body weight.

“Bill, you and your three will at that point be haul-
ing yourselves up the rope, sliding your Prusiks as you 
go. And when you’re about to run into Jennifer there, 
you call out “Ready … Switch!” and all of you on the 
bottom fix your Prusiks and start your free rid downhill. 
And of course those of you on the top start climbing up 
the rope with your Prusiks.

“Frank, once the litter gets to the edge and jams there, 
call “Stop!” and Jenny will set the Prusiks. Then all of 
the extra people at the edge will help muscle it up and 
slide it over the edge.

“Any questions? No?
“Jenny, you ready on the Prusiks? Good.
“Frank, are you and the litter team ready? Yeah, just 

let the haul team do all the work of getting the litter up 
this hill. You just have to keep it up off the slope. Did 
you show everyone how to use the load straps? Good, 
that’ll make it a lot easier for you. Just hang onto the lit-
ter and allow the rope to pull you up. Don’t try to lift the 
litter up until the rope takes most of the weight. 

“Haul team, start hauling!”
And in a matter of a few minutes, the litter is at 

the top, and the patient is placed into the waiting 
ambulance.

How to Haul 
 Field III 

The brute force haul, also known as a Georgia haul 
(anyone know where that term came from?) can be an 
effective technique when you have plenty of room and 
plenty of people. It requires minimal equipment, and 

Brute Force Haul
From ASRC Mountain Rescue Manual, copyright © 1983 ASRC, used with permission.  
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minimal knowledge of rigging. Even if people haven’t 
done it before, some “just-in-time training” usually suf-
fices. This particular haul used a haul team of eight, and 
four litter bearers; the diagram shows a haul team of six 
and a litter team of three. Depending on the angle of the 
slope and the weight of the patient, you’ll need to adjust 
your numbers. You can also have the litter bearers wear 
seat harnesses and tie into the litter rail with a Prusik 
loop or single-length runner, as described in Steep Semi-
Tech Litter Bearers on page 43. This provides more 
security if the slope is particularly steep or slippery or 
exposed.

There’s a tradition in vertical rescue teams that the 
haul team never attaches anything to the haul line, using 
only their gloved hands, but this makes no sense to me. 
For for a brute force haul like this, Prusiks are both safe 
and effective; for that matter, I use them on haul teams 
for technical/vertical cave rescues, as does my Allegheny 
Mountain Rescue Group. They are especially helpful 
to hold onto when it’s cold enough that you’re wearing 
mittens.

Hauling Both Lines Together

Merry-Go-Round Hauling
Public domain via National Park Service Technical Rescue Handbook
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Since the haul team’s Prusiks won’t be holding more 
than a fraction of body weight, and they are basically 
working as handholds, you could easily substitute any 
ascender of your choice for your haul team. But one 
advantage of Prusiks is that, if using a two-tensioned-
line system, your Prusiks can go around and haul both 
lines at once. A few notes about using Prusiks for haul-
ing, as shown in the picture Hauling Both Lines Together 
on page 201:
 1 A two-wrap Prusik is easier to slide, and for this use, 
there is no need for a three-wrap Prusik.
 2 Unlike for other uses, you want the knot right in the 
middle of the loop, as it makes a better handhold.
 3 Even if you have a seat harness on, if you are on a 
reasonably flat place, it is easier to haul if you just hang 
onto the Prusik rather than clipping it into your seat 
harness. 

You would think that the technique for hauling on a 
rope would be simple and non-controversial. You just 
stand some people in line, hand them the haul rope, and 
tell them, “When I say haul, haul!”

Wrong! Within the ASRC, we’ve had long, animated 
discussions about the right way to haul. Our consensus 
is that the right way to haul, as with almost everything 
else in SAR, depends on the conditions. But here are 
the things that you should consider when deciding how 
your haul team should haul.
 • Walking forwards as you haul:
• Can see where you’re going to put your feet, impor-

tant if footing is uncertain: better situational aware-
ness about hazards like tripping or spraining an ankle

• Hauling forwards allows you to pull harder, as it 
engages large muscles

• Less fine control than with walking backwards but 
more than hauling hand-over-hand

 • Walking backwards as you haul:
• Can’t see where you’re going to put your feet, impor-

tant if footing is uncertain: less situational awareness 
about hazards like tripping or spraining an ankle

• Hauling backwards does not provide as much 
strength as hauling forwards, though more than 
hauling hand-over-hand as it engages large muscles,

• Allows the best fine control
• Perhaps desiring that situational awareness as to 

the litter, people tend to naturally gravitate to this 
method

 • Standing and hauling hand-over-hand:
• May be necessary if there is not enough room to walk 

while hauling
• Tends to produce a rougher, jerky haul, so should not 

be the default way to haul; does not allow fine control
• Primarily uses arm and upper back muscles so it is 

more tiring than hauling while moving forwards or 
backwards

• It is important to not pull-and-reset with both hands, 
but use both hands in hand-over-hand fashion so 
there is no rhythm that causes jerkiness. This takes 
some practice. 
In addition to these variants, if there isn’t much room 

for the haul team, you can use a redirection pulley or 
carabiner to do a “merry-go-round” haul as shown in 
the illustration Merry-Go-Round Hauling on page 201.

Regardless of which way you are going, or whether 
you’re rotating haul team members, the member in the 
front is the Haul Team Captain.

If your haul team is on on fairly level ground, not 
using Prusiks, and you don’t need to haul that hard, you 
can have the haul team member at the front of the line 
peel off and go to the back of the line and start haul-
ing again. This has the potential to make a long haul 
smoother. 

Mechanical Advantage 
 Field I 

Sometimes, you need to haul a litter up a slope and 
you have plenty of equipment, but not enough room 
or people for a brute force haul. In that case, you can 
use pulleys and Prusiks (or a multipurpose device, 
see Multipurpose Devices on page 136) and a smaller 
haul team to create a simple mechanical advantage haul 
system. We won’t get into the details of how to, for 
example, create a 16,000:1 haul system; we’ll stick with a 
simple system known as a 3:1 Z-haul. 

The Z-haul is a straightforward 3:1 (theoretical) haul 
system, meaning if there were no friction, the force with 
which your haul team effectively hauls is three times as 
much as if they were hauling with a brute force haul. 
Thus a haul team of three is the theoretical equivalent of 
a brute-force haul team of nine. 

Unfortunately, no real-life mechanical advantage 
system is frictionless, so, depending on the quality of 
the hardware you’re using, your haul team of three 
may be the equivalent of eight, seven or less. But it will 
still be significantly more than three. Real-life tests of 
systems with good-quality pulleys show that the actual 
mechanical advantage is about 80-90% of the theoretical 
mechanical advantage, though it varies with the brand, 
the specific individual pulley, and the type of rope. 

As a consequence, though, everyone on the haul team 
will have to haul three times as much rope as they would 
with a brute force haul. 

Using oval carabiners instead of rescue pulleys gets 
you only about 50% of the theoretical mechanical 
advantage, so the pulleys make a big difference.1

1 See https://www.ropelab.com.au/

https://www.ropelab.com.au/members-rope-efficiency-in-haul-systems/
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There are two variants of the 3:1 Z-haul: single-rope 
and piggyback.

Single-Rope 3:1 Z-Haul
 Field I 

The simple version uses a single rope. 
See the diagram 3:1 Z-Haul, 3:1 Piggyback Z-Haul and 

4:1 Haul Schematics on page 204. You tie the rope onto 
the head of the litter. You place a modified basket hitch 
(or other webing anchor sling) on a suitable tree to use 
as an anchor. You attach a locking carabiner, rescue pul-
ley and tandem Prusiks to the webbing.

As in the diagram, the rope comes up, through 
the tandem Prusiks (“Prusik #2” in the diagram) and 
through the rescue pulley. Though the diagram shows a 
single Prusik for clarity, the tradition and best practice is 
to use two “tandem” Prusiks, so that you have a backup 
in case one fails. 

These Prusiks serve as a ratchet, or progress capture 
device (PCD): they keep the litter from falling down 
the hill if the haul team stumbles and lets go of the haul 
line. This ratchet Prusik also serves, therefore, as a belay 
for the litter. That’s why we call the member who tends 
these tandem Prusiks the Belayer.

The rope then through a rescue pulley attached to the 
anchor, and goes down to and through a second rescue 
pulley that’s attached to a single Prusik on the haul line 
(“Prusik #1” in the diagram), then back up to your haul 
team. 

The rope going down to the litter is usually much 
longer than the amount of rope between the two pulleys 
and back up to the haul team. 

Therefore, the haul team will usually, several times, 
need to reset Prusik #1 closer to the litter to pull up 
more of the rope. Whenever they do so, the Belayer 
will make sure that the Prusiks #2 have gripped the rope 
and are holding. 

A potential disadvantage of this system a shown 
in the diagram is that your haul team may be pulling 
uphill. You can fix this by adding a third rescue pulley 
on your anchor tree. This is called a direction change 
pulley. 

We will not get into details of how to analyze the 
exact mechanical advantage of such a system, so just 
take our word that this is still a 3:1 haul system with a 
direction change.1 

members-rope-efficiency-in-haul-systems/ and https://www.ropelab.
com.au/members-pulley-rope-efficiency/ (paywalled)
1 If you just can’t stand it, and really, really need to know how 
to analyze such systems, read “Understanding Mechanical 
Advantage in the Single Sheave Pulley Systems Used in Rescue 
Operations,” https://www.swaledalemrt.org.uk/download/

For a simple haul with this system, what follows is 
a standard sequence of calls and actions. There is no 
national standard for the calls, so this list uses those 
given in Nontechnical and Semi-Tech Evac Calls on page 
162.
• From Haul Team Captain to Litter Captain 

and Belayer. Haul team is ready to haul.
• Belay On! From Belayer to Litter Captain. I 

am now belaying you. 
• Ready Haul Team! From Belayer to Haul 

Team Captain. Get ready to haul. 
• Haul Team Ready! From Haul Team Captain 

to Litter Captain and Belayer. Haul team is 
ready to haul.

• Ready Litter Team! From Belayer to Litter 
Captain. Get ready to for the litter to be hauled up.

understanding-mechanical-advantage-in-the-single-sheave-pulley-
systems-used-in-rescue-operations/. If you still have a hard time 
figuring this out, join a vertical rescue team or get another one of the 
technical rescue references out there on the Web. Or better yet, get 
that T-shirt with the upside-down mechanical advantage systems on 
it, and wear it on a regular basis.

 

L o a d - R e l e a s i n g  H i t c h e s  f o r  S e m i - Te c h  E v a c s

If you’re rigging for a steep or very steep semi-tech uphill haul, you 
should insert a load-releasing hitch  between the rescue pulley and the 
webbing around the tree. (Load-Releasing Hitches are discussed in 
Load-Releasing Hitch on page 125.) It’s the standard way we rig hauling 
for a technical/vertical rescue, and with good reason. When hauling a lit-
ter up a vertical drop, it’s not uncommon for the litter to get stuck under 
an overhang, even a little one. And then you need to let out a little slack, 
which isn’t a problem unless the Prusiks are set, in which case the only 
reasonable alternative to get unstuck is to use the load-releasing hitch 
to let out a bit of slack. (Unless you’re using a multipurpose device such 
as the Petzl I’D Evac, in which case it’s just a matter of moving a lever; 
see Multipurpose Devices on page 136.)

However, if you’re just hauling a litter up a not-very-steep slope with 
no clifflets or other obstacles that might require using a load-releasing 
hitch to lower the litter a bit, then the chances of you needing to use 
a load releasing hitch to lower is nearly infinitesimal. So rigging this 
without a load-releasing hitch is fine from a “needing to release the 
Prusiks” standpoint.  If it’s steep or very steep, though, you may want 
the load-releasing hitch as a shock-absorber. See Safety Factor and Shock 
Absorbers on page 140.

If you are from a team that does technical rescue and says “always rig 
any mechanical advantage system with a load-releasing hitch” to form 
good habits, that’s OK. Forming good habits is important. 

But if you’re from one of these “always use a load-releasing hitch” teams 
and you’re working with a team that does Z-hauls without one, and 
they’re getting ready to haul up a nice smooth and even slope, don’t 
start screaming about how unsafe it is. You’re wrong, it’s not signifi-
cantly less safe in this situation, and you might get flat-rocked. 

“Flat-rocked” a technical cave rescue term that we won’t explain except 
to say that hitting someone on the head with a pointy rock causes too 
much external bleeding. Just kidding.

https://www.ropelab.com.au/members-rope-efficiency-in-haul-systems/
https://www.ropelab.com.au/members-pulley-rope-efficiency/
https://www.ropelab.com.au/members-pulley-rope-efficiency/
https://www.swaledalemrt.org.uk/download/understanding-mechanical-advantage-in-the-single-sheave-pulley-systems-used-in-rescue-operations/
https://www.swaledalemrt.org.uk/download/understanding-mechanical-advantage-in-the-single-sheave-pulley-systems-used-in-rescue-operations/
https://www.swaledalemrt.org.uk/download/understanding-mechanical-advantage-in-the-single-sheave-pulley-systems-used-in-rescue-operations/
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• Litter Team Ready! From Litter Captain to 
Belayer and Haul Team Captain. Litter team is 
ready to be hauled up.

• Up Slow! From Litter Captain to the Haul 
Team Captain. Haul the rope/load up slowly. 
Haul Team Captain echoes. 

• Haul! From Haul Team Captain to haul team. 
Pull on the haul line. 

When the haul team runs out of room or rope to pull, 
there is another sequence of calls and actions:
• Stop Hauling! From Haul Team Captain to 

haul team. Stop hauling. 
• Set! Call from Haul Team Captain to Belayer. 

The haul team can make no more progress or the 
haul is over. Once Belayer has tightened the ratchet 
Prusik on the rope, Belayer echoes Set! Haul team 
then gently releases tension on haul line until load is 
on ratchet Prusik. 

• Reset! From Belayer to haul team. The ratchet 
safety Prusiks are holding the load. Drop the haul 
line and move the haul Prusik back toward the load. 

• Haul! From Haul Team Captain to haul team. 
Pull on the haul line. 

• Repeat as needed until done.

Piggyback Z-Haul
 Field I 

If you need the entire length of your main line rope for 
the slope, and you have a second rope, you can use the 
second rope to set up a Z-haul just as described above 
and shown in the diagram. The only difference is that 
you don’t attach the bottom end of second rope to the 
litter. Instead, you:
• On the bottom end of your second rope, you tie a 

very small Figure 8 loop and back it up
• You clip a locking D ring carabiner into that small 

Figure 8 loop
• You attach a Prusik onto your main line rope, then 

clip it into that locking D ring carabiner on the end 
of your second rope. 

3:1 Z-Haul, 3:1 Piggyback Z-Haul and 4:1 Haul Schematics 
Courtesy Rob Thomas, The School for Mountain Leadership, South Africa http://www.sml.co.za/; used with permission

http://www.sml.co.za/
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You’ll also need to put the tandem ratched Prusiks 
#2 to the main line rope, to capture progress in the main 
line rope, and prevent the litter from slipping back 
downhill. 

With a piggyback Z-haul, the Belayer has a harder 
job: pulling the main line rope up so that there is no 
slack between the ratchet Prusiks and the litter. If you 
have a third rescue pulley, you can let the belayer use 
it as a direction change above the Prusiks, allowing the 
Belayer to pull down and away from the anchor, which 
is a lot easier than pulling up.

More Mechanical Advantage

If a 3:1 Z-haul isn’t enough to lift your load, you can set 
up a 4:1. 5:1, 6:1, 8:1... If your SAR team does technical 
rescue, you’ll need to know these. 

The principles are the same as with a 3:1 Z-haul, but 
you need additional equipment. While you can rig 
such systems with special rescue pulleys that have an 
attachment point at both the top and at the bottom, 
let’s assume you don’t have them, and are just building 
a system from rope, Prusiks, carabiners, and standard 
rescue pulleys. 

If you want to do, for example, a 4:1 haul system, you 
will need two ropes, or perhaps a single long rope tied 
to the anchor with a figure 8 knot in the middle, which 
effectively gives you two ropes with which to work. 

You will need to rig the pulleys as shown on the 
diagram 3:1 Z-Haul, 3:1 Piggyback Z-Haul and 4:1 Haul 
Schematics on page 204. While this gives you addi-
tional mechanical advantage – useful if you are short on 
haul team members, or don’t have room for more haul 
team members (common in cave rescue), this will help 
you. But you have to realize that you will be doing Set! 
Haul! Reset! much more often, which slows down the 
haul process. And you need to remember not to exceed 
the Rule of 12: see The Rule of 12 on page 205.

Haul Calls 
 Field I 

There are standard calls for semi-tech evacs in 
Nontechnical and Semi-Tech Evac Calls on page 162; 
calls specific to hauling include:
• Haul! From Haul Team Captain to haul team. 

Pull on the haul line. 
• Haul Team Ready! From Haul Team Captain 

to Litter Captain and Belayer. Haul team is 
ready to haul.

• Litter Team Ready! From Litter Captain to 
Belayer and Haul Team Captain. Litter team is 

ready to be hauled up.
• Ready Haul Team! From Belayer to Haul 

Team Captain. Get ready to haul. 
• Ready Litter Team! From Belayer to Litter 

Captain. Get ready to for the litter to be hauled up.
• Reset! From Belayer to haul team. The ratchet 

safety Prusiks are holding the load. Drop the haul 
line and move the haul Prusik back toward the load. 

• Set! Call from Haul Team Captain to Belayer. 
The haul team can make no more progress or the 
haul is over. Once Belayer has tightened the ratchet 
Prusik on the rope, Belayer echoes Set! Haul team 
then gently releases tension on haul line until load is 
on ratchet Prusik. 

• Stop Hauling! From Haul Team Captain to 
haul team. Stop hauling. 

• Up Fast! From Litter Captain or a climber to 
Haul Team Captain and Belayer. Haul the 
rope/load up faster. Haul Team Captain echoes. 

• Up Rope! From Litter Captain or climber to 
Haul Team Captain and/or Belayer. Take in the 
belay rope; or, take in the belay rope faster if you can. 
For hauling, Haul Team Captain echoes; for a 
simple belay, Belayer echoes.

 

T h e  R u l e  o f  1 2
 Field I 

Mechanical advantage is good: it can increase the efficiency of your haul 
team, allowing just a few people to haul up a litter.

Mechanical advantage is bad: it can increase the strength with which 
your haul team can haul to the point that your rope snaps or other parts 
of the haul system explode.

The “Rule of 12” is mostly applicable to vertical/technical rescue, and 
not semi-tech evacs. It states that if you multiply the number of people 
on your haul team by the theoretical mechanical advantage of your 
haul system, it should never, ever go over 18. An effective strength of 
eighteen people is enough to break most rope rescue systems. And with 
that many people hauling on a rope, it won’t feel like you’re pulling very 
hard when you get up towards stresses that can make your haul system 
snap or explode.

If you have a 3:1 haul system, don’t have more than 4 (four) people haul-
ing on it. Four times three is twelve.

If you have a 4:1 haul system, don’t have more than 3 (three) people 
hauling on it. Three times four is twelve. Having four people hauling 
would mean four times four, which would get you to sixteen, which is 
over twelve, and too much.

For most semi-tech hauls with a 3:1 or 4:1 system, a haul team of three 
is plenty to get the job done without straining. 

The rule of 12 is for 11 mm (7/16”) rope as commonly used for wilder-
ness search and rescue. For 1/2” (13 mm) rope commonly used in the 
fire service, it’s the Rule of 18.
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• Up Slow! From Litter Captain to Haul Team 
Captain and Belayer. Haul the rope/load up 
slowly. Haul Team Captain echoes. 

Rescue Specialist Role 
 Field I 

If there are not enough people to have a Rescue 
Specialist supervising without another role, the 
Belayer is the central coordinator of a haul. But if 
you have enough experienced people, having a separate 
Rescue Specialist is a good idea. 

The main roles of the Rescue Specialist are: 
• Supervise and make sure that all members are per-

forming their tasks properly, including inspecting the 
rigging before the haul starts. 

• Serve as Safety Officer.
• Make sure that all components of the haul mesh 

well; most times, you do this by positioning yourself 
where you can hear the Belayer, the Haul Team 
Captain and the Litter Captain, and relay calls 
from one to the other. 
To avoid delusions of grandeur as a Rescue 

Specialist, remember that, if your members know 
what they’re doing, you’re basically a megaphone.

There are many different terms for this position: 
Rescue Specialist, Onscene Rescue Coordinator, Rescue 
Onscene Coordinator, Rigging Master or Rigging Boss. 
Regardless of the name of the position – and the 
Incident Command System doesn’t specify a title for this 
position – this duties are the same. And the ASRC has 
used Rescue Specialist for almost 50 years, so that’s 
what I’m using here. It also has the advantage of being 
shorter to type and fewer syllables to speak.

The Rescue Specialist duties may be fulfilled by a 
field team leader or by someone working under the field 
team leader. 
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Operational Friction, Route and Urgency 

Operational Friction 
 Field I 

We mentioned operational friction earlier when discuss-
ing the size of a rope team and why we use three instead 
of four. Operational friction is what differentiates a 
smooth-running operation from a SNAFU (Situation 
Normal, All Fouled Up). 

As an emergency physician who does wilderness 
search and rescue and disaster response, and works at 
a Level I Trauma Center/Burn Center/Stroke Center/
Cardiac Cath Center, I have spent ~35 years dealing with 
and thinking about operational friction. All emergency 
physicians do; we have to. The nature of our practice, 
involving unknown volumes of unknown patients with 
unknown problems, presents a worst-case situation for 
managing medical operations (operations in the sense 
of managing patient flow, not surgery). Given in SAR we 
face emergency time-urgent operations, perhaps we can 
learn some lessons from the ED.

There are many things you can do in the ED to 
decrease operational friction. One of them is moving 
from a serial process to a parallel process. It used to be 
the standard process all across North America that if 
you came into the ED walking or in a wheelchair, you 
first went to Registration, where a clerk would obtain 
information about your complaint, your insurance, your 
address, and have you sign a bunch of forms. Then you 
would be seen by a “triage” nurse who “triaged” you. 
Actually the way this evolved, it had almost nothing to 
do with triage. Nurses were forced to do a full “nursing 

assessment” gathering all sorts of useful but non-emer-
gent information, such as when you had your last flu 
shot, and whether or not you smoked, and your fall risk. 
Then you got taken to a room where you waited to be 
seen by a doctor. 

Now our ED does this in parallel. You come in, 
you’re seen by a triage nurse who actually triages you. If 
you’ve got something bad, you go to a high-acuity area 
of the ED. If you’ve got something not so bad, you go 
to a lower-acuity area of the ED. But as long as there’s a 
room available, you go back to a room right away. 

The next person to see you might be the registration 
clerk. Or the nurse. Or the doctor. It all depends on 
who’s free. Sometimes it’s all three. It’s done in paral-
lel. This really speeds throughput. Can we use parallel 
processing in SAR evacuations? Certainly. If it’s a long 
evac, we can have a small team well ahead of the litter, 
figuring out the best route, clearing it a bit, and flagging 
it with flagging tape, maybe even flagging good belay 
trees, or perhaps setting up belay anchors ahead of time. 
For cave rescues, we can preplan how many people we 
need to “pave” or “turtle” an area, and make sure they 
are standing by, briefed, and ready to pave or turtle right 
before the litter gets there. 

There is a focus in the media on emergency care for 
stroke.1 There are different kinds of stroke. One is a 
hemorrhagic stroke: bleeding in the brain, commonly 
from untreated high blood pressure. But the more com-
mon kind is what we call an ischemic stroke. Ischemia 

1 Also known as cerebro-vascular accident or CVA. 

 ▸ Operational friction causes operations to not go 
well 
 ▸ Can decrease operational friction.
 ▸ Doing processes in parallel: people knowing 
duties expected of delegated positions
 ▸ Distributed decision-making
 ▸ Standard terminology including standard calls 
 ▸ Standard procedures including litter bearer rota-
tion and laddering 
 ▸ Practice “makes perfect”

 ▸ Front right litter bearer is Speaker, usual sole con-
duit of information between the SAR teams:
 ▸ Use first names
 ▸ Get close to your patient, pitch voice to be private 
 ▸ Consider hand on patient’s shoulder for 

reassurance
 ▸ Talk about moving “you” or “John” rather than mov-
ing “the litter” or “the patient”

 ▸ Route you choose depends on the ease and safety of 
different routes:
 ▸ Uphill much harder with litter than walking
 ▸ Contouring almost as hard.
 ▸ Down is easy

 ▸ Level of urgency depends on:
 ▸ Weather
 ▸ Terrain
 ▸ Resources
 ▸ Patient’s medical condition, which may change 
over time

I m p o r t a n t  P o i n t s
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means lack of blood to an area. Like in your butt when 
you’re on a backboard. So an ischemic stroke is blockage 
of an arterial blood vessel. This can come from disease 
of the arteries in the brain, for which old age, diabetes 
mellitus, and smoking are big risk factors. You can also 
get an ischemic stroke from an embolism – a blood clot 
in your heart that breaks off and travels to your brain, 
common with an irregular heartbeat called atrial fibril-
lation. Young, otherwise healthy people with “holes in 
the heart”1 can get this as well. If you have an ischemic 
stroke, giving you a clot-busting medication such as 
recombinant tissue plasminogen activator (r-tPA) can 
cure you – or kill you. The quicker you give tPA after an 
ischemic stroke, the more likely it is to make you better 
– often lots better – than to kill you. But after several 
hours, it’s more likely to kill you than make you better. 
And it’s best to give it in the first hour. 

But getting tPA to patients with strokes in the first 
hour is hard. Very hard. And much of the delay occurs 
in the ED. And we’re not doing too well with these 
times, for multiple reasons. So efforts to improve these 
times have been ongoing for the many years. This is 
similar to our doing semi-tech evac drills with the rope 
team rotations, over and over and over, even if it’s just 
using lampposts on an urban street.

One simple thing we did to lessen operational fric-
tion for strokes was to have EMS call ahead so we could 
get the CT scanner cleared and ready for the stroke 
patient; you need a CT to see if this is an ischemic or 

1 Atrial Septal Defect (ASD) or Ventricular Septal Defect (VSD). The 
small blood clots that form in the small superficial veins of the legs are 
normally filtered out in and dissolved the lungs. While small clots in 
the lung are not a significant problem, large ones from a deep venous 
thrombosis lodging in the lungs may be fatal. With a hole in the heart, 
even small clots can get past the lungs into the brain and cause a 
stroke. 

hemorrhagic stroke. This has parallels in our scouting 
the evac route and preparing it for the litter. 

Whether to start thrombolysis for stroke (that’s a 
fancy word for clot-busting; remember, doctors get paid 
by the syllable, with extra charges for Greek and Latin 
roots), was, in the early days, considered by the powers-
that-be to be a decision that could only be made by a 
super-specialist, called a stroke neurologist, after seeing 
the patient. Trouble was, there were only a few of these 
stroke neurologists, and they’re not there in the ED, or 
even in the hospital, when a stroke candidate arrives. 
So finally we realized that this is a decision that can and 
should be made by the emergency physician seeing the 
patient. Simply due to operational friction, we had to 
have emergency physicians make these decisions. So 
that’s now the way we always do it, and our times to tPA 
have gotten shorter, with no worse outcomes. 

A parallel to SAR would be the question of who 
makes decisions during an evacuation. If the Rescue 
Specialist (someone in overall charge of the evacu-
ation) is out scouting the route, and a decision needs 
to be made by the Litter Captain, does the Litter 
Captain have to stop, get on the radio, and request 
a decision from the Rescue Specialist, regardless 
of how small a decision this might be? Distributed 
decision-making, where leaders at all levels are expected 
to make decisions when needed, decreases operational 
friction, as long as those decisions are communicated. 

In another parallel, during World War II, the German 
and Russian armies had very different leadership styles. 
The Germans used distributed leadership, whereas the 
Russian army was a totally top-down model. There was 
a lot of operational friction in the Russian army, a lot 
of waiting around for orders. If they had emulated the 
German army’s leadership style, they likely would have 
won the war much sooner. This means the Rescue 
Specialist has to accept that his or her power is not 
absolute, that the Litter Captain or a member of 
the rope team may have to make tactical changes in 
the Rescue Specialist’s plan; whereas the Rescue 
Specialist has to concentrate on strategy, the overall 
big-picture view. Are we going to do a semi-tech evac 
down the slope, and then Tyrolean highline across 
Passage Creek, or are we going to do a carryout along 
the Buzzard Rocks trail?2

Speaking of the Rescue Specialist: in a compli-
cated rescue, say with bits of technical or difficult semi-
tech, it’s standard for the Rescue Specialist to stay off 
the litter, and off the haul team to be free to supervise. If 
the rescue’s just some simple semi-tech and nontechni-
cal the the Rescue Specialist can help carry the litter. 

2 The picture of Massanutten Mountain was during that exact 
decision-making process.

ASRC Members Scouting a Semi-Tech Evac
Massanutten Mountain, George Washington National Forest, Virginia, 1976.
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Similarly, if the patient has significant medical issues, 
it’s better for the Medic (the member who is attending 
the patient, usually whoever has the best medical train-
ing) to stay off the litter, maybe darting in from time to 
time, such as at belay changes, to check the patient. That 
way the Medic isn’t too exhausted to stay close to the 
litter and can concentrate on the patient. If the patient 
has a sprained ankle, though, there’s no excuse for the 
Medic to stay off the litter.

Some people say that “The person in the front right 
(passenger seat) is always the Medic.” This is stupid. 
Yes, The Litter Captain is busy, and the person in the 
passenger seat is ideally situated to speak with the 
patient. But if you’re rotating litter bearers, your Medic 
will keep changing, and you may have someone there 
with nothing more than Red Cross non-wilderness 
First Aid, whereas right behind him is a board-certified 
emergency physician. It reminds me of the time we 
found a 72-year old boxing coach who’d been lost for a 
week off the Appalachian Trail in a wilderness area. The 
story is in the section on Legal Aspects. Andy Peet and 
I were standing, in ASRC uniform, next to the patient 
that we had examined and treated. We were pretty dirty 
and maybe a bit smelly, which may be an extenuat-
ing circumstance. The local EMS agency’s ambulance 
arrived, and one of the local EMTs came up, and liter-
ally pushed us aside: “move aside, I’m an EMT!” she 
said. Andy and I looked at each other. I said “Hi, I’m 
Dr. Keith Conover, and this is Dr. Andy Peet. Would 
you like us to tell you about our patient?” Oops. After 
apologizing for her gaffe, she was quite competent and 
enjoyable to work with as we prepared him for transport 
in the ambulance and gave her a report. 

This “passenger seat is Medic” is probably a corrup-
tion of something that was originally an excellent idea, 
and all SAR teams should adopt this idea. In the Laurel 
Caverns cave rescue that you will read about in a few 
paragraphs, one thing the patient said to me, once she 
got to the ED, was how confusing and frightening it was 
having so many different people coming up the litter 
and talking with her. I’ve seen this in many other res-
cues as well. Everyone on the litter team, and everyone 
in the rescue as well, wants to talk with the patient. I’m 
sure this is all well-intentioned, people after all are there 
because they care about the patient. But make a rule that 
there are only two people who talk to the patient – the 
Medic, and the person on the front right. If you need 
a name, call this person the Speaker. the Speaker 
can say “How are you doing?” but nobody else should. 
The patient can talk to anyone of course, and people 
should reply appropriately. But only the Speaker or 
the Medic start a conversation with the patient. When 
a team acts this way, it can create a strong sense of 
professionalism and trust in the patient and others at 

the scene. It also reduces operational friction by keeping 
people focused on their tasks rather than interrupting 
them to check on the patient. 

If you in the front right, acting as the Speaker, best 
practices as you’re talking with the patient:
• Use first names: yours and the patient’s.
• When talking with the patient, lean in close and 

get close into the patient’s personal space unless 
the patient doesn’t seem to like it. Pitch your voice 
so that it’s clear you’re speaking with the patient 
one-on-one.

• If you have a chance to put a hand on the patient’s 
shoulder, do so unless you perceive that the patient 
doesn’t like it. A hands-on approach is comforting 
for most people getting carried out in a litter.

• Don’t talk about moving the litter, talk about moving 

LEVEL OF URGENCY CHART

FORM: ER-NCRC-002

ER-NCRC USE ONLY

DATE: BY:

GROUP:

Mission/Cave: Date:

Very Young

On the following chart, the lower the numerical rating of the factor, the higher 
the relative urgency becomes.

Very Old

Other

1

1

2-3

Age

Known or suspected injured or ill or mental problem

Healthy

Known fatality

1-2

3

3

Medical Condition

One alone

More than one (unless separation suspected)

1

2-3

Number of subjects

Not experienced, does not know cave

Not experienced, knows cave

Experienced, not familiar with cave

1

1-2

2

Subject Experience Profile

Experienced, knows cave 3

Past and/or existing hazardous weather

Predicted hazardous weather (8 hours or less)

Predicted hazardous weather (more than 8 hours)

1

1-2

2

Weather Profile

No hazardous weather predicted 3

Inadequate for cave

Questionable for cave

Adequate for cave

1

1-2

3

Equipment Profile

Vertical cave - For more than intermediate

Horizontal cave - Maze structured

Horizontal cave - Linear

1

2

3

Cave Structure

Subject Profile

Rating Score

Total Score

Urgent response ------------------------------------- 7-10

Intermediate response-----------------------------11-17

Measured, limited response ----------------------18-21

Cave Rescue Urgency Worksheet
Courtesy Eastern Region, National Cave Rescue Commission, used with permission.
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Dana, or whatever the patient’s first name is. This is 
not just for the patient, but to remind the entire litter 
team that we are dealing with a human being and not 
just an inanimate rescue litter.

Route and Urgency 
 Field I 

Picking an evac route is an art and not a science. The 
more experience, the better you will be able to pick a 
good route. If you know land navigation route selec-
tion (that is the subject of another chapter), then you’re 
way ahead. Even when you’re just orienteering, it’s often 
faster to contour around a hill rather than to go over 
it. This applies double, or more, when you’re carrying 
a litter. And with a litter, doing down with a tree belay 
is easy and fast. Going up with a tree belay is difficult 
and slow. Going up with a haul system is faster, but the 
operational friction is higher, and delays things. Pre-
rigging a route may save time but uses up a lot of skilled 

people. If you want to learn more 
about evac route planning, find 
some experienced SAR people who 
are free for an evening, buy them 
beer and pizza, and ask them to tell 
stories about past evacs. 

Once upon a time,1 there 
was a National Cave Rescue 
Commission (NCRC) Orientation 
1 actually, 7/11/93

to Cave Rescue (OCR) class at Laurel Caverns. Laurel 
Caverns is a commercial cave on the top of Laurel Hill, 
which is the westernmost edge of the Allegheny Plateau, 
which extends from central Pennsylvania through 
Maryland to central West Virginia. It’s about an hour’s 
drive southeast of Pittsburgh. It’s sort of unique, in that 
the cave is owned and managed by cavers with NCRC 
training. (Makes it a handy place for OCR classes.) They 
have commercial tours along prepared paths that last 
an hour or so. But is unique in that you can also rent 
helmets and go “wild” caving there in relatively safe por-
tions of this non-vertical cave, though with an experi-
enced caver guide. 

NCRC OCR classes are the most common classes 
offered by NCRC. An OCR is a one-weekend class, 
accepting both cavers and fire-rescue-EMS people as 
students. The Saturday morning is devoted to class-
room sessions; cave environment for the rescue types, 
basic first aid and rescue for the caver types. Saturday 
afternoon there is some above-ground litter humping, 
practicing laddering and litter bearer rotation. Sunday is 
a mock cave rescue underground.

I taught some sessions Saturday, but had to go back 
to Pittsburgh that night as I had to work in the ED on 
Sunday. I have a deal with the ED that I will not take off 
for searches, but for rescues where a cave rescue doctor 
is needed, we’ll call in backup and I’ll head out.

During the mock rescue on Sunday, the students were 
heading into the cave, when they were passed by one 
of these wild-caving groups. A 17-year old girl with the 
group said in passing “I hope you don’t have to rescue 

Map of Laurel Caverns, in Southwestern Pennsylvania.
Courtesy Laurel Caverns, used with permission.

Keith and Eric After the 
Laurel Caverns Rescue
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me!” An open invitation for the Fates (Clotho, Lachesis, 
and Atropos)1 to intervene. 

Of course, when she got back to a room known as 
The Post Office, she climbed up a big rock and fell on 
her head. The OCR students and instructors responded. 
Now this was an OCR and not one of the NCRC week-
long classes, so there were no field phone lines strung. 
So after assessing the patient, Julia Smith, a long-time 
cave rescue instructor and Ohio paramedic, sent a run-
ner with a note out to Jackie Bannerman, who was the 
Incident Commander for the operation. 

The note said the patient had fallen onto her head, 
had altered mental status, was bleeding from the mouth, 
had one unresponsive pupil, and had injured her hip/
thigh and right leg. 

Jackie took one look at this, read it again, and called 
me in the ED and asked if I could come assist with the 
rescue. Bruce MacLeod was on backup call and started 
driving into the ED to cover. I called STAT MedEvac, 
our helicopter service, who agreed to fly me out to the 
cave. As I was making these arrangements, I noticed the 
unhappy look on the face of Eric Swanson, the emer-
gency medicine resident who was working with me. 

Now in those days, the emergency medicine resident 
working this shift worked in the ED, in his or her flight 
suit, ready to fly off on a scene run at any moment. This 
was sort of a scene run, an interesting-sounding one. 
And Eric was a climber, had been caving, had done 
mountain rescue work in his native Utah, and had 
helped teach Wilderness EMT classes before. So I said 
“Eric, I have some spare polypro you can put on under 
your flight suit, and we can find a spare helmet and 
light. Wanna come along?” Big smile. 

So we flew out there in the helicopter, went into the 
cave, and worked together just like we were in the ED. 
(That means he did all the work and I just stood there.)

When we got to the patient, she was already loaded in 
a KED (short spine board) and in a plastic Stokes litter. 
She had a SAM Splint on her right arm. Eric talked with 
her and with Julia. He and I then discussed the case as 
we accompanied the litter, being managed by the OCR 
class and members of the local fire department who had 
responded. We asked for a brief stop for Eric to examine 
her. 

It seems she had indeed fallen, and was initially 
hysterical and uncooperative; later she calmed down. 
Because she was uncooperative, they had immobilized 
her spine. She was now cooperative and said the immo-
bilization was hurting and she wanted out of it. She had 
indeed bruised her left thigh, but there were no signs to 
suggest a fracture there. She had slight tenderness over 

1 That’s the three Fates by their Greek names; Nona, Decima and 
Morta if you prefer the Roman names; Urðr (Wyrd), Verðandi and 
Skuld if you prefer the German Norns.

the radial head of the right elbow but not elsewhere, and 
a fracture there is not splinted, but simply put in a sling 
for three days and the patient encouraged to move the 
elbow as much as possible, to prevent stiffness. 

She was alert and oriented, and Eric did a brief neu-
rological exam that was entirely normal. Her pupils were 
now normal, and we concluded that the prior unrespon-
sive pupil was simply a stunned pupil from the fall, not a 
sign of brain injury. As far as the blood from her mouth, 
she had a bruise of the right cheek, and a tiny abrasion 
on the inside of the mouth that was no longer bleeding 
and needed no stitches. 

We were able to clear her cervical spine clinically, and 
get her out of the spinal immobilization for which she 
thanked us profusely. The remainder of her exam was 
entirely unremarkable.

We then explained to the rescuers that the urgency, 
which was initially thought to be quite high, was now 
quite low. She had already had the same evaluation she’d 
get in a Level I trauma center except for an X-ray of 
the elbow and a CT of the brain, and as a low-priority 
patient in the ED, would probably wait an hour or two 
for those anyway. So there was no need to hurry; we 
wanted rescuers to take their time and avoid injury. 

However, rescuers, mostly from the local fire depart-
ment, started grumbling about how the doctors were 
interfering with the rescue. And despite our entreat-
ies for them to take their time as the urgency was now 
much lower, the fire department members kept rush-
ing things. And one sprained his ankle badly enough 
he had to be helped out of the cave. And another fell 
and injured himself somehow, not too seriously as I 
remember.

Perhaps this was due to some of the rescuer’s narrow 
mindset: “our job is to get the patient out of the hazard-
ous environment to an ambulance and anything that 
interferes with this job is bad.” No real thoughts that the 
overall goal is the well-being of the patient. Note, that’s 
“patient” and not “victim” even if you’re a first-aider 
or just a non-medical rescuer. We discuss the effects of 
stress on decision-making in the chapter on Leadership 
and Followership.

The pilot had maneuvered the helicopter to right 
outside the old entrance, which made the takeoff pretty 
tricky as it’s in a narrow, winding ravine. And even 
though the rescue was now low urgency, the helicopter 
was going back to the hospital anyway so we all got a 
helicopter ride. Once in the ED, we got the CT and the 
X-ray, confirmed our initial diagnoses, and discharged 
her home. We did get some looks when Eric and I came 
into the ED in muddy coveralls. 

This story illustrates two important points. 
First, the level of urgency of an evacuation helps 

determine things such the speed of the evacuation, 
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and the risk of rescuer injury; sometimes the route of 
evacuation, taking a riskier or safer route; whether staff 
should arrange for ground transport, or air transport, 
and whether to a local ED or a trauma center. Certainly 
the EMS crew of the ground or air ambulance should 
be involved in this decision, but those who have been 
caring for the patient for a long time should have major 
input into this decision. 

Second, that of the many factors that influence the 
urgency of the evacuation – listed in the form for cave 
rescue – the one that is the most susceptible to modifi-
cation is the assessment of the patient’s medical condi-
tion. The more advanced the medical care at the scene, 
the better will be the medical assessment. This can make 
big changes in the urgency. The cave rescue presented 
above is an example of downgrading the urgency, which, 
if acknowledged by the rescuers, could have prevented 
two significant injuries. 

On the other hand, consider this case. On a search, 
a field team member falls and does a belly flop on the 
ground. She hits her left upper quadrant on a rock, 
and has some mild pain there. After a minute to catch 
her breath, she gets up and continues with her task. 
However, she starts getting lightheaded, and develops 
pain in her left shoulder. The team Medic, a Wilderness 
EMT, examines her, finds left upper quadrant tender-
ness, and a tachycardia with an elevated heart rate. The 
Medic correctly suspects a subcapsular hemorrhage of 
the spleen, which can be fatal, and calls Base to arrange 
helicopter transport to a trauma center, thus saving her 
life. Again, medical knowledge not only determines the 
urgency of the evac, but in this case, it changed a field 
team member into a patient. 

I may have a warped view of this, as I’m an emer-
gency physician, but ask other experienced SAR medical 
people and I think they can all give you cases where 
medical assessment changed something about an evac. 
Big-time. If you think about it, medical condition is the 
one urgency factor in which subtle clues can make a big 
difference in the calculation. 

So I’m a big fan of SAR people calling a doc for 
advice. Not medical direction, but advice. So the senior 
medical person at the scene can combine this advice 
with what he or see knows from being on-scene, to 
make the best decision about the urgency of the evac. 
My mountain rescue group members are supposed to 
know, if I’m not in the field myself, to call me any time 
of day or night with such consults. If needed, I can even 
sub-consult to a neurosurgeon, orthopedic surgeon, or 
trauma surgeon.

Evacuation Time
 Field I 

Here is a final thought for this section, about estimat-
ing the time it will take to get someone out of the 
backcountry. 

Those with fire-rescue or EMS rescue experience, but 
little wilderness search and rescue experience, usually 
estimate a time that is a third or a quarter of the time it 
will actually take. Those experienced with wilderness 
search and rescue tend to be pretty much on the mark.

Some of this is because of the operational friction 
of a wilderness evac. However, most of is that people 
who have no experience with a wilderness evac simply 
don’t appreciate how slowly the litter moves over rough 
terrain. 

For the longest wilderness rescues in the mid-Appa-
lachian region – cave rescues – Curt Harler has this to 
say:

The rule of thumb presented in the recent NSS 
Cave Rescue Webinar “Stuck Between a Rock And 
a Hard Spot” is that it will require an hour of rescue 
time for every 10 minutes you have travelled under-
ground. Look at an eight-hour Saturday trip that you 
are four or five hours into. That distance under-
ground equates to a minimum 24-hour rescue…
assuming all goes well and the victim is not in a 
complex vertical situation or in brutally low passage. 
It assumes someone knows where the victim is. 

If you have popped into a Sunday cave and got 
two hours in, your anticipated rescue time is 12 hours 
(six 10-minute periods times your two hours under-
ground). That’s a long time. And that’s in a baby 
cave. 

Do the arithmetic: That big trip that takes you 12 
hours into the cave will, on average, require three 
days – full, 24-hour days – to extract a victim. 
This assumes that the callout for the rescue hap-
pens promptly and response from trained rescuers is 
almost immediate. It assumes a sufficient number of 
rescuers respond.1

If you do cave rescue: consider the logistical implica-
tions, even just as far as personnel. How many trained 
rescuers do you need to run a 34-hour cave rescue 
for three days? Cave rescues chew up rescuers pretty 
quickly.

1 “Just How Long Will You Be Stuck?” The Netherworld News of the 
Pittsburgh Grotto, National Speleological Society; Volume 69 Number 
3, May 2020
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On the other hand, if you have lots and lots of rescu-
ers, an evac can go pretty quickly. ASRC Groups won a 
commendation from the Director of the National Park 
Service back in 1983 for a rescue on Old Rag Mountain 
in Shenandoah National Park.1 It was a night technical 
rescue in freezing rain, after a multi-day search. Once 

1 http://archive.asrc.net/ASRC-Operations/1983-10-12-Crawford-
Rescue-Washington-Post.pdf and http://archive.asrc.net/ASRC-
Operations/1983-10-14-Old-Rag-Press-Release.pdf.

we got the patient down to a switchback on the Saddle 
Trail, we had on the order of a hundred people spaced 
along the trail down the the fire road, which was only 
about 3/4 of a mile (1 km). They were able to basically 
pass the litter from down the entire trail and it took 
almost no time at all.

http://archive.asrc.net/ASRC-Operations/1983-10-12-Crawford-Rescue-Washington-Post.pdf
http://archive.asrc.net/ASRC-Operations/1983-10-12-Crawford-Rescue-Washington-Post.pdf
http://archive.asrc.net/ASRC-Operations/1983-10-14-Old-Rag-Press-Release.pdf
http://archive.asrc.net/ASRC-Operations/1983-10-14-Old-Rag-Press-Release.pdf
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Making Future Evacs Better 

Of everything covered in this entire chapter, 
choosing an evacuation route and urgency is likely 
the most important. Unfortunately, it is the subject 
you are least likely to learn from reading. Experience 
is key, but listening to tales of past rescues is probably 
just as important. In the great scheme of things, evacs 
don’t happen that often to SAR team members. If it’s 
a big search, hundreds of SAR team members may be 
involved, but only a few take part in the evac once the 
patient is found.

Before written language, oral traditions were the 
human race’s extended memory. But as with the Iliad 

and the Odyssey, you can later record oral history. Yes, 
such stories may “grow with the telling” and, over time, 
the precise details may become smudged. Nonetheless, 
for evacs and for SAR in general, such stories are 
sources of wisdom.

I’ve written down a few such stories for this chapter. 
But we need more. Search out experienced SAR team 
members. Write down their stories about rescues. 
Publish them, somewhere people can find them online. 
You may thereby save a life.
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