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is taken from the most recent third edition of the
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Translator’s Note and
Acknowledgements

Some readers will notice a lack of references to oth-
er caving manuals or articles. This point is not ad-
dressed in the original French edition(s), most like-
ly because the French caving community is already
familiar with the history and origin of this book
and the background of its authors (see Foreword).
There are only three references in the Third Edi-
tion bibliography; this is because Techniques de la
Spéléologie Alpine IS the reference, at least in the
French caving world. Perhaps this is why some call
it “the Bible” of caving techniques manuals. Mar-
bach and his co-authors and colleagues in the
French Caving Federation and French Caving School
helped invent and develop many of the techniques
and standards described here, and they continue
to do so today.

That said, there remained the challenge of trans-
lating a French caving manual into English, and
ensuring that this “European” manual remains rel-
evant to North American readers. Any caver who
has caved in different regions or countries will
agree that techniques and equipment differ
around the world. This book presents horizontal
and vertical caving techniques in detail, and partic-
ularly the single rope techniques developed in Eu-
rope. These are undoubtedly relevant — and often
similar, if not identical - to the vertical techniques
used by non-Europeans. However, there are a few
exceptions. Working closely with Marbach, | have
adapted some parts of the text in the hopes of
making it as complete and relevant as possible to
all readers. Those who are familiar with the 2000
edition will thus notice adaptations to the sections
on descenders, racks and rack use, LEDs and seat
harness pathology. Likewise, | have used footnotes
throughout to provide complementary informa-
tion on various points.

Non-European (and particularly American) read-
ers will likely encounter techniques or ideas here
that are not only new to them, but that may seem
a bit shocking. They may even question the “accu-
racy” of a statement or the soundness of a tech-



nique. The techniques and standards presented
here have been tried and tested (or used and
abused) by competent cavers — underground and
in the labs — and have proven safe and effective in
practice. But the intent of this book is not to
convince the reader of THE right technique; it is to
share knowledge and hopefully widen the field of
discourse. As Marbach often points out, it is ulti-
mately up to the individual to decide what works
best.

Another challenge relates to the diversity of the
English language, and particularly the diversity of
caving terminology. Churchill once said that we
English-speakers are often separated by a common
language. Though this rarely interferes with com-
prehension, there is a lot of variation between Brit-
ish, Australian and American use, and I've noticed
this particularly in the field of caving. Correct terms
for one group may be awkward or even “techni-
cally incorrect” for the other. Example: a vertical
passage requiring a rope for progression may be
called a shaft, a pitch, a pit, a hole or a pot, de-
pending on where you live and cave. Likewise, the
mechanical device we use for climbing up this ver-
tical passage may be called an ascender, a rope
grab, a rope clamp, a jammer or a jumar, and the
act of going down this passage may be rappelling,
descending, or abseiling. | hoped to make this edi-

tion as relevant and complete as possible for all
English readers, and have tried to include all rele-
vant terms when introducing them. Thereafter, I've
tended to choose the American (or Texan) terms
that | use most naturally.

This English edition would not be complete
without the contributions of several helpful and
enthusiastic persons. All proofed the text at vari-
ous stages of its development and offered their
suggestions on a multitude of technical, linguistic
and content-related points. | am therefore eternal-
ly grateful to David Elliot, Yvonne Droms, Mark
Tremblay, Rebecca Jones, Karlin Meyers and Rob-
ert Vocke for all their help. | also wish to thank
Georges Marbach for the endless hours of atten-
tive proofing and discussion, and for his thorough
collaboration on every aspect of this English edi-
tion. Thanks also go to Alex Sproul for his input,
Alan Warild, Hanna Barbara, Lea Guidon and Pas-
cale Gisin for additional proofing, On Rope for per-
mission to adapt additional rack drawings, and
Jean-Yves Decottignies for additional line draw-
ings.
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Foreword

with Jean-Claude Dobirilla, first appeared in

1973. Twenty-six years ago...an entire gener-
ation ! Forthe first time, it presented a comprehen-
sive method for exploring vertical caves without
cable |ladders, though the book was certainly not
meant to be exhaustive at the time. Jean-Claude is
aman of action and conviction, so we hoped to stir
things up and get people talking. We meant more
to provoke than to demonstrate, which is why we
included so many photos and illustrations for a text
that we deliberately made brief. Hence a book of
less than one hundred pages, compact and he-
retical, if not explosive... The choice of format of
course meant that many points were left out, as
we were describing methods that were still too new
to have been tested thoroughly or subjected to all
possible scenarios.

By the time we published an updated edition
eight years later (in 1981) many things had already
changed, beginning with cavers’ opinions and hab-
its — but many questions and criticisms remained.
We had to take a more critical approach to the sub-
ject, launch new field tests, recast and develop the
book further. Jean-Louis Rocourt was the perfect
partner for accomplishing the task at hand: his de-
manding, rigorous nature contributed immensely
to greater development in the second edition. The
result was a 350-page book, but neither was this
second attempt intended to be exhaustive...though
we were getting closer. Left as such for nearly twen-
ty years, the second edition seemed to have satis-
fied its readers since it required two additional print
runs. But again it is out of print...

Objectively - if we can indeed be objective - the
basis for both of these editions has hardly changed
or lost its relevance. The fundamental principles set
out in the first have not been called into question
by use or experience, and new tests and technical
developments outlined in the second remain rele-
vant today. That important techniques have been
refined and new materials have appeared on the
market changes nothing about caving fundamen-
tals, and a simple explanation of each would have

| he original edition of this book, co-authored

been sufficient to present these. However, several
considerations argued for a complete rewrite of the
book, which is what we finally chose to undertake.

First of all, commercially available caving gear
has developed markedly since 1981; devices that
were hand-built by cavers fifteen years ago are now
available in stores, and so many discussions in that
domain have become superfluous. When talking
about safety issues in this new edition, we will re-
fer only to manufactured products since these are
considered to be safe. The modern caver has large-
ly lost the habit of building his own equipment and
since his income — at least in many countries - has
risen, this is no longer necessary. Besides, few would
have the knowledge to do so nowadays, since mod-
ern materials have proliferated to such an extent
that only specialists can understand all the specifi-
cations.

This brings up another problem: this book is not
intended to be advertising for one brand or prod-
uct over the next, and we tried not to single out
specific brands too often. But this isn't always pos-
sible or desirable; it's sometimes easier to get the
point across by referring to a specific product. For
example, when a piece of equipment is unigue, it
would be strange not to use the product name.
We've tried to maintain a balance here, sometimes
citing specific brands or models but sticking to the
generic terms as often as possible. We've tried to
remain neutral without being vague, though we
may not have succeeded entirely —we all have our
preferences!

Another reason for replacing the 1981 edition
was that the illustrations had become dated. This
was particularly true of the photographs, which
had been used throughout to represent complicat-
ed technical maneuvers. Because of shadows, ex-
traneous details crowding the picture and the more
or less relevant angle of view, photos are not as
clear as drawings. We have therefore gone back to
representing technical points with line drawings in
the new edition. The reader will notice more of
these in the second part of the book (devoted to
exploration techniques) than in the first (covering
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equipment), where illustrations would be less use-
ful. For example, drawings of manufactured pro-
ducts are not included, as illustrations are widely
available in manufacturers’ product guides and
specialized equipment catalogs.

Another advantage of using line drawings is
that it allows us to represent figures at angles that
would not be possible in a photograph. For exam-
ple, figures illustrating how to pass a rebelay can
be viewed from the wall side, as if this were trans-
parent. Techniques for travelling in crawlways can
be viewed from above, and overall views can be
clearly represented where a photograph would be
ineffective because of distance, poor lighting, or
lack of detail.

We have also removed numerous tables and
numbers that are no longer necessary, either be-
cause the techniques they once justified are widely
accepted now or because safety standards free to-
day's caver from having to worry about the
strength of his equipment. However, we in turn
found it necessary to provide a more detailed de-
scription of these standards and the basis for them,
and for each category of equipment they govern.
The massive intrusion of these standards in the cav-
ing domain has far-reaching consequences, some
of which we have yet to fully understand. They
range from liability concerns when a piece of gear
is loaned to a friend to reduced innovation (and
increased cost) among manufacturers due to high
testing and approval costs. They can also affect our
potential inability to distinguish between quality
and mediocrity among products, since all must con-
form to the CE (Confomité aux Exigences) mark.
This labeling is everywhere, guaranteeing safety
and thus a peace of mind for the user that was once
reserved for a limited number of manufacturers
known for their quality and competence, and to
which the client was ever loyal.

Of course, the regulatory nature of CE standards
has no authority in countries outside the European
Community, but we have nevertheless decided to
retain CE descriptions in the English edition of the
book for several reasons. Primarily, these standards
are inarguably relevant to safety, having been es-
tablished after close collaboration with industry
experts and sports and recreation professionals in
all relevant fields. Other international standards,
namely those of the UIAA (Union Internationale
des Associations d'Alpinisme), are nearly identical.
In fact, the UIAA sits on the technical committee

that develops and defines CE standards, so there
isn't a single safety criteria that escapes its consid-
eration. Each piece of equipment has a minimum
safety specification that should be respected, espe-
cially among those who install rigging or who are
responsible for club and collective equipment.
These specifications also apply to anyone who con-
structs his own equipment or modifies any piece of
equipment that already conforms to the standard.
This is particularly the case with seat harnesses: in
many countries, some of the more well-informed
amateurs take to producing these themselves, but
only after verifying the most important CE/UIAA
safety specifications. On the same note, most local
gear manufacturers in non-CE countries use these
specifications in developing their own products.

CE norms are of course compulsory in Great Brit-
ain as well.

Like those before it, this edition is by no means
exhaustive. For example, the subject of cave diving
is not covered in any detail (despite its prodigious
success and many promising developments), nor is
the use of explosives in enlarging passages or en-
trances (though this has opened countless new
caves). These activities involve specific risks and are
more fully developed by specialists in numerous
other works. Moreover, we will only touch briefly
on the subject of cave mapping, which is now in
the process of transformation. It would be more
useful to deal with this subject in ten years, since
developments in electronic technologies are now
revolutionizing how we survey caves and draft
maps. This applies not only to mapping and ar-
chiving software, but also to survey instruments:
laser meters and electronic clinometers will soon
relegate our dear old surveying tools to the muse-
um. But why should we present this information
again here when it is already available in other ex-
cellent sources?

Finally, we admit that the reader may still find
some errors or misprints in the text as well as in the
illustrations, despite careful proofing and revisions.
Also, the techniques described in this book apply
to an activity that we all know is potentially dan-
gerous. It is the reader’s responsibility to proceed
with care and caution and to test the methods de-
scribed in a safe setting where there is no risk of
falling, before applying them underground.

Rewriting a book that is recognized as a “defin-
itive source” is always a challenge: it has to be at
least as good as the last, which doesn't come easy.



This new attempt has been made with a fresh ac-
complice. My long career betrays my advancing age.
Though my profession has allowed me to maintain
a thorough knowledge of the equipment and a
passion for perfecting it, | no longer possess the
same global knowledge as can be found in those
caving circles where cutting-edge techniques are
tried, tested and debated, and where today’s ex-
plorers voice their aspirations and develop tomor-
row’s trends. For that, one would have to belong
to the inner circle that drives today's caving in our
country: the French Caving School (Ecole Francaise
de Spéléologie) and the French Cave Rescue (Spéléo-
Secours Francais). By virtue of his activities in both
of these organizations, Bernard Tourte was able to
make a significant contribution to the present edi-
tion, which reflects our combined efforts.

Foreword | 1

This edition is of course only a snapshot of
French techniques for exploring vertical caves in the
year 2000. Like previous ones, it describes recent
developments and presents innovative technigues,
the fruits of our labor and that of our colleagues.
But like the 1973 and 1981 editions, this too is des-
tined to become outdated, and perhaps more
quickly as caving grows in popularity. And so | wel-
come this eventuality, as | did in our conclusion of
the 1973 edition. A new team may someday re-cre-
ate a fourth edition — perhaps in an electronic ver-
sion? In any case, | clearly will not be part of that
new adventure... It is thus that each of us tries to
share what he knows before passing the torch on
to the next, a simple link in the chain of progress
and knowledge!

Georges Marbach,
Choranche, August 1999
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Equipment

A Basic Principles

n the text that follows, we will continually consider an important component of caving that affects

nearly everything you do underground: energy. Cavers rarely talk about it and although the topic hard

ly seems compelling, keep in mind that when you enter the subterranean world you possess a precious
store of "energy capital” that will diminish throughout the excursion. It is vital that you know how to
manage this resource.

There is so much to do underground. Making observations, following leads, surveying, clearing obsta-
cles, taking photos, sketching a geological cross section, or simply admiring the beauty of the cave
environment...so many of these activities require concentration, willpower, physical effort, and a capacity
for action. A body that is fatigued by or overly engaged in the simple problems of travel and movement
(as would be the case with a beginner) will possess no reserves for action, particularly in the event of an
unexpected problem or emergency. The key word is therefore “efficiency.” The art of rigging and travel-
ling through a cave lies in the parsimonious management of your precious “energy capital” in order to
ensure a pleasant, effective and successful trip. This savoir faire supposes a thorough mastery of tech-
niques that allow you to safely overcome obstacles without hesitation or wasted effort. It also relies on an
informed and rigorous choice of equipment. These two considerations are of course the subject of this

book, and even dictate its organization.

When choosing, using and maintaining your gear,
always keep the following fundamentals in mind.

Safety

Safety is naturally fundamental to all our con-
siderations since the risks involved in a fall in a 50-
meter pit are not the same as those on a hiking
trail. Failure of a piece of equipment can lead to
serious consequences, even if this only involves a
pack shoulder strap. Any problem will still result in
added exertion and energy loss for the duration of
the trip, thereby increasing fatigue and compro-
mising your reflexes. All of this reduces your
strength and ability to react in the event of any
additional unanticipated difficulties.

A more serious and disabling problem could
arise: the strap on a poorly maintained seat har-

ness breaks, or a carelessly placed rope is sev-
ered...

The possibilities of failure are endless and, un-
derstandably, the fundamental requirement for
safety cannot be covered in a few lines; it is a re-
curring theme throughout this book.

Weight

Weight is the enemy of every caver, especially in
vertical caves. During the descent, everything is fine
since gravity is helping you along. But then there is
the climb out... Even in horizontal caves, you are
faced with constrictions of all kinds (crawlways,
meanders, belly-crawls, squeezes) that require you
10 take off your pack and carry itat arm’s length or
in strange, uncomfortable pasitions. These situa-
tions devour your energy; so, the lighter the pack,
the less the fatigue!

The same goes for clothing: why skimp on gear
if you turn around and wear heavy clothes that are
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unnecessarily thick or retain moisture? You will
unconsciously carry this insidious weight through-
out the cave as your body becomes progressively
more fatigued.

Going light obviously has its limits: too light and
you can no longer ensure a proper level of safety.
If you are tempted to minimize — or miniaturize —
material, you need good technical knowledge and
experience to know where to draw the line. Not
everyone has the necessary competence, which is
why our lawmakers have decided to impose mini-
mum standards. These guarantee user safety when
the gear is used properly and for the correct activ-
ity or purpose. Where ropes are concerned, this is a
particularly important point and we will discuss it
at length in the following pages.

Functionality

We could also speak of simplicity here, which
stems in part from the demand for lightness: any
redundant tool or useless function should be elim-
inated since it compromises lightness. This also
brings us back to the safety factor: when you start
to feel fatigued, you are less likely to make a mis-
take if you use simple, straightforward gear that is
readily accessible at the right moment. In case of
an emergency, it is imperative that you be able to
act promptly and without the slightest hesitation.
This means both eliminating unnecessary gear and
putting the gear on properly.

Strength and durability

Dressed in hard stone, the subterranean world
is never gentle on your equipment. In constrictions,
in meanders, on any slippery surface, you will exert
considerable energy for even the simplest move-
ments. If your caving suit, seat harness or pack gets
caught, there may be a strong temptation to use
brute force to wrench it loose rather than to back
up and gently free it - but your gear will suffer in
the end. Any resultant damage depends to some
extent on the gear's sturdiness but once again, you
must find the limit between strength and light-
ness.

Deciding among criteria

In the end, compromise is necessary when deal-
ing with so many different factors. Lightness should
not be achieved by sacrificing strength, which it-
self requires more material and therefore weight.
Even if the old saying "it's better to have too much

than not enough” is true, the wise caver evaluates
his needs accurately to avoid an unnecessary equip-
ment overload.

Naturally, the balance depends on each individ-
ual's ability — or inability — to use, carry, maintain
and repair his or her equipment. Doing too little or
too much will ultimately have consequences:
“brutes” will need more robust therefore heavier
and equipment, while the careless will need to re-
peatedly invest in new gear!

Cleaning your equipment just to put it right back

in the mud may seem a bit silly and, reinforced by

our natural tendency toward laziness, this perspec-
tive leads many people to neglect their gear be-
tween uses. There may even be a bit of pride in-
volved in nonchalantly emptying one’s pack out-
side the cave in a dusty cloud of dried mud, then
shaking out a caving suit stiffened with clay before
putting it on. After all, isn't all this dirt proof of
numerous challenging adventures, a gauge of com-
petence and qualifications? Clearly, only rank be-
ginners or losers would unpack spotless, new gear...

Wrong. Neglecting your gear can have serious
consequences:

* Dirty equipment wears out quickly. Mud and
clay stiffen straps, which in turn rub together
with more friction. Cave mud contains micro-
scopic calcite crystals that cut through fabric like
mini-razors, working their way into seams and
slowly cutting the threads of harnesses, packs
and caving suits. These crystals are insidious and
they penetrate into the rope, severing its fibers
and diminishing its strength, not only on the
surface but also at the core.

« Cleaning gear after a trip is the perfect oppor-
tunity to inspect its condition, It helps you find
weaknesses before they worsen and compro-
mise the strength and safety of the material. This
is when you see the small crack in the carabiner
gate, the tiny gash in the caving suit, the thread
that is unraveling at the bottom of the cave
pack, or the damaged gasket on the carbide
generator.

Make a habit of using this time to inspect the
key elements of your equipment. While the spe-



cific elements depend on the gear being exam-
ined, these are the warning lights that will help
you anticipate future failures that may be diffi-
cult to repair underground.

» Some metallic materials are sensitive to the com-
bination of moisture and mud. This mixture
leads to an acidic or oxidizing environment that
attacks steel and even aluminum and its alloys.
Care should thus be taken to store metallic ma-
terials in a well-ventilated, dry, cool (but not
cold) place.

* Finally, a few words on comfort: your caving suit,
undersuit and socks are much more comfortable
and warm when they are soft and dry, rather
than stiff with dirt and dried-out perspiration...

Standards and product labels are powerful agents
of consumer safety and offer some guidance in a
field that is often confusing for the non-specialist.
Labels can aid you as a user in finding the product
that is suited specifically to your need. They ensure
that the product has been tested by professionals
and is sanctioned by a governmental or European
standards body (e.g., AFNOR: French national stan-
dards; or EN: European Norms). The European
Community (EC) Headquarters in Brussels is now
calling the shots by enacting directives that will be
imposed throughout the EC, and extend to the
rest of the world via trade agreements. In all the
member states of the EC, national standards are
now nothing more than transcriptions of a Euro-
pean Directive, “EN", into each country’s respec-
tive language.

The directive that concerns us as cavers was is-
sued in late 1989. It stipulates that no product used
for personal protection (PPEs) in any of the mem-
ber states may threaten the health of consumers.

More specifically, these PPEs must be classified
into three categories, | to Ill, according to the sig-
nificance of the risks involved in using the product.
Thus, little is required of the manufacturers of Cat-
egory | products (which are meant to protect
against minimal risks) except to satisfy the general
principle of the directive. Such products include, for
example, sunglasses, swimming goggles, shin
guards and sewing thimbles. Manufacturers guar-
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antee the harmlessness of their product by mark-

ing their conformity to the directive with the label

"CE" (Conformité aux Exigences) placed on each

item. As luck would have it, the protective clothing

worn for sports activities was removed as a catego-

ry as long as it was for private personal use. If a

manufacturer claims that its product provides a

specific protection, then it must carry the appro-

priate label.

Category Il is already more regulated. It includes
products that protect against moderate risks; for
example, cuts, impacts and burns. Gloves and hel-
mets used for caving thus fall under this category,
as do crampons and life jackets. In this category,
compliance can be declared only after an indepen-
dent lab, certified by the government as a “desig-
nated lab,” has granted its CE approval. To begin
this process, the manufacturer must submit a case
file presenting the product specifications and sup-
ply samples that are then tested in the lab.

Category Il includes all products that protect
against life-threatening risks, such as electrical shock
and falls from a height. Ropes and seat harnesses
are among the Category Ill products used in cave
exploration. They're not kidding around at this level.
Approving a Category Ill article is a long and costly
process. As with Category Il products, the manu-
facturer must submit a set of specifications dem-
onstrating performance levels that are at least equal
to the standard requirements governing the spe-
cific sector. The product must be conceived, creat-
ed and tested, technical specifications must be com-
piled, and then everything submitted to the
designated laboratory responsible for testing ev-
ery aspect of the product, point by point. Once cer-
tification is obtained, the product is marked "CE"
along with the number of the designated lab that
is charged with ensuring the quality follow-through
compliance of the product. Finally, the product must
come with instructions for use containing the nec-
essary headings and required warnings, before fi-
nally being allowed on the market. Phew!

But it's not over yet. The manufacturer must also
prove that it can maintain the same level of quality
required by the standard for each piece it manu-
factures. To do so, it must do the following:

+ either obtain certification for its quality assur-
ance system from an authorized organization
like the French AFAQ (Association Francaise
pour |'‘Assurance Qualité), the German TUV or
the British Lloyds;



Basic Principles

= orundergo annual inspections, in which a series
of random samples are taken and subjected to
a battery of tests at the designated laboratory,
so as to verify and assure the uniformity of the
product.

You can imagine that all of this must be quite
expensive and it is of course the consumer who pays
for it all in the end. But does safety really have a
price ? Undeniably, the CE Mark has one important
advantage: it guarantees a minimum of safety. But
a few exceptions have given rise to some aberra-
tions, as with the standards for static caving ropes.
This will be discussed later...

Seen purely from the viewpoint of industrial
safety standards, ascenders (rope grabs) and de-
scenders are presently considered only as accesso-
ries to anti-fall systems, and not as products for
personal protection (PPEs). This classification is con-

tinually evolving and even if the standards present-
ed in this book are current at the moment of its
printing, they are unlikely to remain so for long.

The 1989 directive covers the following PPEs
used in caving:
* In Category II:

- helmets

- gloves
* |n Category Il

- ropes, cords, webbing and slings
safety (seat) harnesses
connectors (carabiners and maillon rapides)
chocks (hexentrics, nuts, friends, etc.) and
pitons

- pulleys
* Not applicable:

- descenders

~ ascenders (rope grabs)

- belaying devices

| I

vy

|

22-m pitch in Théophile Cave, Alpe-d'Huez, France. Photo 5. Caillault.



The complicated and rigid classification system
of PPEs has of course resulted in some unintended
negative consequences. In a specialized area such
as caving, demand for goods is low and production
runs are short, so manufacturers must think twice
before introducing a new product. Just imagine: a
harness manufacturer must notify the designated
laboratory each time it makes the slightest design
or colour change to the webbing used in its har-
nesses. With such rigorous regulation, why would
anyone want to start manufacturing a product in
Category Ill, even with a very good idea in mind?
Potential technical advances have therefore been
slowed and we are now faced with a problem:
what happens when a new product with no pre-
existing standard arrives on the market? Lawmak-
ers have made provisions for this particular case
with the option of a special CE approval whereby
the manufacturer and designated laboratory work
together directly. The manufacturer demonstrates
to the lab that its product meets the safety require-
ments established by the directive, supporting its
argument with a case file it has compiled. When
the two parties are in agreement, the file is accept-
ed and the product is then eligible for CE certifica-
tion. Manufacturers with clever marketing strate-
gies can sometimes benefit from this special
procedure. For example, while descenders do not
fall under the CE Mark, some manufacturers sub-
mit to these special certification procedures to ob-
tain the well-known label anyway. They then mar-
ket the product implying that the label is required,
thereby misleading unsuspecting customers into
thinking that they are the only manufacturers that
have been able to obtain it! Welcome to the age
of marketplace guerrilla warfare...

In the sections devoted to equipment descrip-
tions, we will outline the regulatory standards re-
quired for each piece of gear. As nearly every coun-
try in the world has adopted the international
system of measurements (SI, or metric system),
none of the units used in these discussions should
surprise the reader, aside from the Newton, which
is a unit of force that has replaced the kilogram
force (kgf, not to be confused with the kilegram,
kg, a unit of mass) and the pound force (Ibf). In
deference to current legal, scientific and engineer-
ing practices, we will use the unit Newton to quan-
tify force in this book. A Newton equals 102 grams-
force (since the acceleration of gravity equals 9.81
m/s?). As the forces we are concerned with are a

Reference to a Standard.; the “CE" Mark

thousand to ten thousand times larger than a New-
ton, we will use a multiple of this basic unit, the
kilo-newton (kN), which equals 102 kgf or 225 |bf.
For example, a maillon rapide must legally with-
stand 20 kN of tension along its length (long axis),
which corresponds to 2040 kgf or 4500 Ibf in the
old units.

As we mentioned earlier, fixed anchors (anchor
sleeves, studs, eyebolts, rings, hanger plates),
whether they are set by expansion plugs or by glue,
do not fall under the directive as PPEs. They are
instead considered to be collective equipment. This
does not mean that their choice and placement
should be left entirely to the imagination of the
person setting them. Quite to the contrary, the
person placing the anchors sets the level of diffi-
culty needed to overcome the obstacle. His actions
should therefore follow the rules of the art. He
bears an obvious responsibility to all future users
and could quite clearly be implicated in the event
of a serious accident. In a society that is becoming
ever more litigious, it is a risk that must be careful-
ly weighed.

But this Sword of Damocles should not be our
primary motivation for rigging carefully and cor-
rectly; the motivation should rather spring from a
respect for others, from whom we expect recipro-
cal treatment. It is also out of a respect for nature
that our rigging should alter the natural world as
little as possible while assuring our safety. Poor rig-
ging must inevitably be redone, which then multi-
plies anchor points and thus damages the rock. We
have all seen and deplored the sight of multiple
anchors sprinkled like stars in some constellation
at the top of some pitches, reminders of the way
some cavers perceive their relationship to our caves.

It is important here to recall the unwritten code
of conduct that connects underground exploration
with a natural respect for this magnificent play-
ground. This respect is necessary for the survival of
our sport.

But we'll come back to this later. ..
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however, we are exposed to scrapes, bumps, hits, shocks, cuts, water and cold. We need special protec-

| n our daily lives as well as underground, our clothes serve as protection against the elements, In caves,

tion to defend ourselves against this aggressive environment.

The primary role of our undergarments is to limit
heat loss, and particularly in alpine caving. The
body naturally releases heat as a by-product of its
metabolic processes, constantly regulating these
processes 5o as to maintain a constant core tem-
perature of approximately 37°C (98.6°F), which is
necessary for proper functioning. If the external en-
vironment is too cold, the body cannot do this
alone, and clothing is essential in helping to pro-
tect against excessive heat loss. Heat can be lost
through three processes, the effects of which are
cumulative. These are convection, radiation, and
conduction.

Convection only operates through a liquid or
gaseous fluid; in caving, the primary concerns are
with water and moist air. Heat always transfers
from hot to cold, so when fluid molecules come
into contact with a warm body, the heat moves to
the cooler molecules. These become lighter and rise
through the fluid, to be replaced by other cold
molecules on the body's surface. You can limit con-
vection heat loss by wearing undergarments that
fit snug around the body, limiting the circulation
of air and water near its surface. Loose clothing
will allow small air currents to pass between it and
the skin, every time you move. In addition to snug
undergarments, gloves and a fully closed caving
suit will also help limit limit heat loss. And of course
you should always try to avoid getting wet.

Radiation is the emission of heat in the form of
infrared waves and depends entirely on the tem-

perature of the emitting body (in this case, yours!).
Only a metallic barrier such as an aluminum-coat-
ed sheet can stop heat loss from radiation. This is
why the rescue blanket is so effective in keeping
you warm during an extended break in activity, and
it should be an indispensable part of your personal
gear.

Finally, conduction transfers heat by physical
contact, further facilitated by the presence of mois-
ture (an excellent conductor). Placed between our
bodies and the external environment, our under-
garments act as a physical barrier and thus an insu-
lator, preventing conductive heat loss. But the best
insulator (besides a vacuum) is dry air. Dry fibers
are by their very nature insulating, largely because
they trap the air in their mesh, making the air itself
the insulator. As soon as the air begins to escape,
convection transfer takes effect. When the air is
dry, there is little difference in the performance
characteristics of various types of fibers. Under-
ground, however, the air is at about 100% humid-
ity and wearing a PVC-coated caving suit prevents
perspiration from evaporating away from the
body’s surface. Our undergarments then trap the
moist air and this is precisely when the difference
between one type of fiber and another becomes
important.

In the caving environment, whether a fiber is
hydrophilic (attracting or absorbing water) or hy-
drophobic (repelling water) will play a primary role
in its effectiveness. Hydrophobic fabrics perform
better because they repel water, particularly to-
ward the cooler, external environment. This allows



your body and clothing
to dry out quickly and
you are more comfort-
able. On the other hand,
hydrophilic fibers absorb
and hold water. They re-
main wet and cold, al-
lowing heat to escape
through conduction.

Although we often
prefer natural fibers in
everyday life, these are
hydrophilic and poorly
suited to caving in a cold,
humid environment. Cot-
ton is the worst of all and
you should even avoid
wearing cotton under-
wear when caving. Wool
is better but it becomes
heavy when wet, making
it somewhat inconve-
nient. Silk is light but also
absorbs water.

Most synthetic fab-
rics are hydrophaobic and
therefore more appropri-
ate to our needs. Leaving aside the more expen-
sive fabrics, we are left with three synthetics: rho-
vyl, polyester and polypropylene. These fibers may
also be manipulated to further enhance their per-
formance. For example, some may be treated so as
to channel water more quickly away from the body
(Capilene), or ruffled up to trap more air inside
(fleece). The thickness of the fabric also plays a role
in its performance.

But it is not enough to be warm; comfort also
depends on freedom of movement and therefore
on the elasticity of the fabric. Better elasticity can
be achieved either through better weaving tech-
nigues, or by adding rather expensive elastin fibers
such as Lycra.

Fig. 1 - Fleece undersuit

The one-piece undersuit

We favor undersuits because they stay in place,
regardless of how much we twist and stretch them.
The old combination of thermal tops and bottoms
is ill-suited to your movements in the cave. When
you raise your arms high over your head (during a
climb, while climbing rope or in a tight crawlway),
the bottom of the shirt comes up but, blocked by
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your harness belt, cannot go back down. Little by
little, the top and bottom inch their way apart, your
lower back becomes exposed to the chilly air and/
or caving suit, and uncomfortable rolls of fabric
start to bunch up above the belt.

The comfort and price of a thermal undersuit
depends on its elasticity and whether this is multi-
directional, unidirectional or nonexistent. The first
is optimal since it allows more freedom of move-
ment. This saves precious energy and results in a
net gain by the end of the trip.

Choose the thickness of your suit according to
your own metabolism; for example, whether you
are warm- or cold- natured. If you have trouble de-
ciding, go for more flexibility and choose the light-
er model. You can always add another layer if nec-
essary.

* Key points:
s \When choosing an undersuit, look for the fol-
lowing:
- reinforced knees and elbows
- a zipper with at least two if not three pulls
- a high collar
- wrist and ankle finishings: they should be
comfortable and made of the same or similar
material as the rest of the suit (soft and hy-
drophobic).
* Some models exist with longer zippers, which
prove especially useful for women in “urgent”
situations.

0% Tip:

Sew an extra square pocket over the knees, with
a Velcro closure on the upper leg. Insert closed-cell
foam padding into the pockets, and you have a set
of comfortable kneepads that you will find very
useful for those long, low crawlways. This is partic-
ularly helpful if you are using a lighter undersuit
meant for warm caves. The problem with tradition-
al kneepads is that they have a tendency to cut off
circulation behind the legs when they are too tight,
or twist and slide down the legs when they aren‘t
tight enough !

—_
2 Maintenance:

Wash your undersuit at a low temperature af-
ter each use to eliminate perspiration residue as
well as clay and dirt particles. The latter tend to
irritate the skin, especially at the cuffs where the
wrists are always moving.
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The caving suit is your armor against the elements.
It needs to be comfortable, thin, light and flexible,
yet also protective, durable...and therefore thick,
heavy and stiff! These contradictory qualities are
evidently incompatible, so you will have to make
some compromises.

Cotton, polyester and nylon are the only mate-
rials used for caving suits. Because it soaks up so
much water, cotton is only used for caving in coun-
tries with warm climates, in caves that are particu-
larly dry or perhaps for specialized activities such
as archeology.

Coating

Synthetic fibers, however, have one very annoy-
ing characteristic: they are smooth, whereas natu-
ral fibers are rough. To enhance their performance,
woven synthetics must be coated to prevent them
from losing their shape. Without this coating, the
crossed threads would slide away from each other,
becoming tight in some places and loose in others,
until holes form in the fabric. Coatings help seal up
the tiny holes between the weave, rendering the
fabric resistant to water as well as airflow. That
these caving suits are impermeable to water is a
plus; that they don't “breathe” is a definite minus.
Lighter coatings allow some air movement in the
fabric, but also mean poor impermeability as well
as durability in general, even when made up of the
strongest threads.

Coatings in fact enhance the cohesion of the
weave, making it more abrasion resistant. Stron-
ger coatings produce a very solid, impermeable fab-
ric which, on the other hand, turns into a portable
steam bath as soon as the person wearing it be-
comes active.

The ideal balance between a durable coating
and good breathability has yet to be acheived. Mi-
croporous coatings cannot withstand the harsh
conditions encountered in caving. As for Gore-Tex,
this would have to be laminated over Cordura to
achieve the necessary strength; however, Cordura
has a rough surface that easily picks up clay and
dirt, which compromises the breathability already
offered by this expensive material, Since few peo-
ple are willing or able to pay upwards of $400 for a
Gore-Tex-treated caving suit, most of us will have
to wait for more effective and affordable possibil-
ities. Some are already appearing on the market.

Coating a fabric involves pressing a paste into
the weave using a series of rollers, The paste, made
up of various compounds, is pressed into the inner
side of the fabric or sometimes into both sides. Two
types of material are generally used for caving pur-
poses: PVC and polyurethane. PVC tends to hard-
en in cold conditions and to become brittle with
age, but it is very durable and relatively inexpen-
sive. In addition, PVC coating can be fused togeth-
er with high frequency welding, which reinforces
and totally waterproofs the stitching. This is a def-
inite advantage for anyone caving in wet systems.
Finally, PVC is easy to repair with an adhesive such
as Seamgrip or Aquaseal.

Polyurethane-coated materials are more expen-
sive, but more comfortable because they are less
rigid, especially at low temperatures. Some types
can be fused together, but their seams don't hold
up to the thrashing we give them underground. As
a compensation, sewn seams in polyurethane suits
do offer a bit more breathability. Some models at-
tempt a compromise by using PVC only below the
waist, where we are more often likely to get wet.
This allows for more airflow around the upper body
where we perspire and need it the most.

Once upon a time when cavers had to climb and
descend right through waterfalls, the hood - fold-
ed up and stored in the collar of the suit - was cru-
cial in protecting against the cold water. Now that
the common approach is to rig away from water-
falls whenever possible, the hood has seen its im-
portance diminish. However, it is still useful in pro-
viding insulation during prolonged periods of
inactivity.

Choosing a caving suit

We have seen that there is no such thing as a
universally adapted caving suit. You would need
one of each. Because it is waterproof, the PVC mod-
el (such the Styx, fig. 2) would be used in active
alpine caves. In drier caves, a polyurethane suit
(such as the Helix or Sud, fig. 3) will suffice and is
much more comfortable to wear, given its supple-
ness and breathability. If you can't have both,
choose your suit according to the kind of caving
you do most often.

Choosing the correct size is essential. Torso
length should be well adjusted, especially if you
rarely wear a seat harness. If the crotch falls too
low, it will limit the breadth of your stride and will
probably rip the first time you straddle a canyon or
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¢ The suit should have the least amount of ex-
posed stitching as possible. The more outer
stitches you have, the more quickly they will
wear from abrasion. Then the Velcro comes
apart, the bottom tears open, the patches rein-
forcing the knees turn into hanging flaps...You
get the picture.

* Also avoid stitching near the armholes, since
these areas are highly exposed to falling water
{as when climbing in pits) and frequent scrap-
ing in meanders and crawlways.

» If you choose a suit with a reinforced rear, the
second layer should be made of one continuous
piece of fabric, without stitching down the cen-
ter. This makes it more durable and resistant to
wear. On models with stitching down the cen-
ter, the stitches come undone quickly and the
exposed material underneath, already worn by
frequent rubbing, will tear more easily along the
new thread holes when repaired.

* The diameter of the pant legs should be greater
than that of your rubber boots, so that the suit
can be worn over them.

* The Velcro closure on the torso should be at least

Hg. 2 - PVC-coated caving Fig. 3 - Polyurethane-coated 40 mm wide.
suit nylon caving suit

13 Tips:

+ Use every possible occasion to air out your suit
by allowing the warm, moist air accumulated in-
side to escape. This is just a matter of having the

take a wide step. It is best to try on the suit, mak- presence of mind to think of it, which comes nat-
ing sure the crotch is where it should be, and simu- urally once you've developed more ease and ef-
late the kinds of movements you make when cav- ficiency in movement:
ing: with arms lifted high, you should be able to — Open the Velcro in the chest area when trav-
lean forward easily without restriction, take wide, elling through spacious passages. If the suit
straddling steps, etc. isn't too mud-caked, turn both sides in from
the neckline, making a “V*" down the chest to
* Key points: the waist. In larger fossil systems, you can
* Choose a smoother fabric that will be less likely even remove the upper part of the suit if the
to retain mud. Once it dries, the dirt will fall length of the passage is long enough to justi-
away easily rather than become enmeshed in fy doing so.
the fabric. - Create even more ventilation by opening the
* Choose a suit with a slippery internal coating. undersuit as well.
Your undersuit will be better able to slide - When moving through long walking pas-
against it, making it easier for you to move. If sages that don't require the use of your
the caves in your area are mostly dry, choose a hands, remove your gloves and place them
thinner coating. against your chest, between your suit and
s Make sure the flap of the outer pocket (if your undersuit.
suit has one) is as flat against the suit as possi- « Be careful not to get mud on the Velcro closures
ble. This will prevent snagging during those or your suit will stay open for the rest of the

tight squeezes and crawls. trip!
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» If you plan to carry your suit in your pack when
you return from the cave, you can avoid getting
it muddy by turning the suit inside out, folding
the arms and legs into the torso area and clos-
ing it with the Velcro. This way, the mud stays in
the suit and your pack stays relatively clean. You
may even wish to put your muddy harness and
vertical gear inside as well, but remember to
take it out as soon as possible. If you don't, the
metal parts will oxidize.

= More durable types of kneepads are usually
worn outside the caving suit. Some cavers find
it convenient to place the strap of their foot-
loop between a kneepad and the suit, which
allows them to keep the footloop on while mov-
ing from one pit to the next, without it catching
on rock outcrops.

& Maintenance:

= A wash with a hose is essential after each use.
Failure to do this leads to more rapid wear on
the stitching by microscopic calcite crystals
present in the mud and clay. The seams will come
apart sooner - much to the chagrin of the own-
er, who will undoubtedly complain that the
maker of the suit can’t even sew a decent seam.
A tip for the lazy: a suit left submerged for an
hour in a stream or river and weighted down by
rocks will wash itself.

= Fine calcite crystals also cut the loops on the soft
side of the Velcro closure, which reduces its hold-
ing power.

= Don'tforget to let the suit dry completely if you
want to avoid carrying some moisture-loving
microscopic friends with you on your next trip.

= The time spent cleaning your suit is also the per-
fect opportunity to detect and repair any holes
or tears in the fabric. Do this immediately and
not “next time" ; they will only get bigger and
more difficult to repair.

= PVCis easy to repair using the appropriate glue
and pieces of the same fabric, which can be pro-
cured from the manufacturer (ask for scraps).
Glue the replacement piece inside out against
the outside of the suit so that the strongest coat-
ings come into contact with each other. For larg-
er tears, add another piece to the inside of the
suit as well.

« Polyurethane is a bit harder to glue. Neoprene
sealant is acceptable, but one brand stands out
above the rest: Seamgrip. This product contains

Toluene (methylbenzine) and should be used in
a well-ventilated area. With polyurethane, sew
on the patch using a durable synthetic thread,
then seal the seams with Seamgrip. This will
protect it against abrasion and waterproof the
seam. You can also use Seamgrip to plug small
holes.

« For all repairs, regardless of the type of glue or
patch used, always work with clean, dry materi-
al on a flat surface and respect the drying time
recommended by the manufacturer.

e

Gloves protect the hands from scrapes and cuts and
help keep them clean for those times when cleanli-
ness is especially desirable (surveying, photogra-
phy). They also protect against the cold air, water
and the walls of the cave. Gloves with longer cuffs
are a plus, since they also protect the wrists.

PVC-coated gloves are commonly used in Europe
since they are inexpensive and relatively sturdy.
They are made by mounting a cotton lining on a
mold and dipping it in a bath of PVC. The lining
absorbs the sweat from your hands, but it unfortu-
nately retains this moisture and hardly ever dries
out underground.

The problem with PVC here is the same as with
caving suits: it becomes stiff when cold, making it
more difficult (and uncomfortable) to move. Syn-
thetic rubber and thick latex gloves are durable and
suppler, but difficult to find with longer cuffs.

No matter what kind of glove you use, you'll
notice with frequent rope descents that your gloves
wear out asymmetrically. The glove for your "rope
hand” will wear out more quickly than its counter-
part, especially at the junction between the thumb
and palm, where you hold the rope for braking
during descent.

7 Key points:

+ Be sure the length of the fingers is correct: 100
short and your hand movement is restricted; too
long and you compromise your grip.

= Gloves that are too big are easily lost, but gloves
that are too small cause too much pressure and
make your fingers cold.



1% Tips:

* \We never know exactly what we should do with
our gloves when they are caked with mud and
we suddenly have to perform some precise or
delicate operation. Solution: pierce a hole about
2 cm in diameter in each cuff. This will allow
you to clip them onto a carabiner attached to
your seat harness. Be sure you make a clean,
round circle without any jagged edges; other-
wise, it will snag and tear more easily on the
carabiner.

= |f they aren’t too mud-caked, the best place to
put your gloves is against your chest, between
your undersuit and your caving suit (which
should remain slightly open). Here, they will stay
warm and might even dry out if they stay there
long enough (as during a snack break, for ex-
ample). You can also sit on them, in which case
they will insulate you from the cold cave floor.

* When at the base of a wet pitch, bend your arms
and raise your hands to avoid getting water in-
side your gloves, Use the same position when
you descend a steep slope where loose dirt falls
away under every step.

& Maintenance:

* Rinsing with water is sufficient, but they must
be completely dried out to prevent the progres-
sive rotting of the cotton lining.

= Evenwith regular rinsing, dirt will eventually ac-
cumulate inside your gloves, rubbing painfully
against your fingertips. So from time to time,
turn the gloves completely inside out and scrub
the lining. You can make the job easier by using
a tub full of hot, soapy water. Machine washing
is also effective, but remember to rinse the
gloves and turn them at least partially inside out
before throwing them in.

Rubber boots are waterproof, supple, gripping, in-
sulating, and inexpensive, and they reign supreme
on the feet of European cavers. Also known as
“Wellies” to the British, they are only too warm ta
wear in more temperate zones (and the Americans
steer clear of them, perhaps to distinguish them-
selves from the Old World). Note: rubber soles offer
the best grip. The problem is that rubber wears
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down more quickly since, on a microscopic level,
traction is the result of attraction between the con-
tact surfaces. When the materials separate, the
softer particles remain stuck to the harder ones and
the sole imperceptibly erodes away. If our boots
grip remarkably well on that clean, white flow-
stone, it's understandable that they will also leave
their mark, which explains why we must sometimes
move about in booties when we go through par-
ticularly pristine passages.

Choose non-lined boots, since the cotton lining
holds water and perspiration; the boots then chill
and soak the feet. Finding non-lined boots is some-
times difficult and is expected to be more so in the
future. In France, the Workplace Regulation Au-
thority (Réglementation du Travail) has declared
non-lined boots to be "unhygienic,” so all safety
and work boots are now lined as required. A few
non-lined models remain in the agricultural sector,
where we tend to find more independent types
than salaried government workers...and where the
legislature interferes less. For smaller feet, these
boots may even be more difficult to find and for
years women with a shoe size smaller than 39 Eur
(5 UK; 8 US) have had to fall back on PVC. These

Fig. 4 — Non-lined rubber caving boots
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may be more durable, but they are known to be
very slippery. So, if some small-footed colleagues
seem a bit uneasy in more treacherous situations,
don‘t jump to any conclusions. The good news is
that one manufacturer has recently come up with
the excellent idea of extending its line of non-lined
boots to women's sizes, which are now available in
sizes of 39 Eur (3 1/2 UK; 5 US) and above. Are cav-
ing manufacturers finally beginning to notice that
women go caving, toa?

To be thorough, we should mention the recent
appearance of shoes designed specifically for cav-
ing. These are made with neoprene and sturdy Cor-
dura, and are waterproof and durable with excel-
lent ankle support. A deeply treaded sole offers
good traction. The sole is also more rigid, making
them more comfortable in our footloops for those
long rope climbs. They are better at holding our
socks in place and, having neoprene insulation, are
warmer than rubber boots. Even better, they don’t
fill with water in stream passages, and allow for
moisture to escape from the leg openings of the
cave suit. These specialized shoes only have one
disadvantage: they cost three times more than rub-
ber boots and are no more durable. That said, they
also have a tendency to start taking in water in as
little as ten centimeters depth.

So for the moment, the reign of our trusted
Wellies isn‘t under serious threat...

Fig. 5 - The pant leg pushed up at the knee and held with a
rubber inner tube band makes bending the knee easier

* Key points:

Look for a model with as much rigidity as possi-
ble in the bootleg. This will give more support
for your ankles and help protect against sprains.
Wearing a thin neoprene sock (see below) will
add even more support,

The soles should have deep, thick treads, espe-
cially at the heel. This serves both for shock ab-
sorption and better grip on slippery surfaces.

id Tips:
* Cuttwo bands from a used tire inner tube (Tube-

less tires are taking over, so stock up!). You can

use these rubber bands to hold the legs of your

caving suit over your boots, sealing them to-
gether. This will be useful for:

- caving in cold systems, as it will help reduce
heat loss.

— lifting your knees (climbing rope and in steep
terrain and boulder slopes): since your caving
suit doesn’t slide easily past the rubber boot-
leg, you will usually have to make an added
effort to adjust your suit and lift your knees.
This is a waste of precious energy that can be
avoided. Simply pull the bottom of your pant
legs up toward the top of your boots, puffing
them up at the knee, and hold them in place
with the rubber bands. This automatically al-
lows more ease of movement at the knees.

— moving quickly through shallow pools. If your
suit doesn’t have any holes in it, you can even
step rapidly through pocls and stream pas-
sage up to your thighs without getting wet.

In easy horizontal passages, roll your suit up to
just above your bootlegs to allow excess warmth
to escape through the bottom of the suit. You
can also fold the top of your boots down. Be
careful not to leave the fold in the same place
each time, or the rubber may eventually break
at the fold. The same is true if you fold or roll
the boots in the same manner every time you
transport them, so avoid doing this.

In river passages, rubber boots fill up and be-

come heavy, and you will have to empty these

“lead weights” often. To do so with the least

amount of effort, remove the rubber band from

around your pant leg, raise your leg up and press
your boot heel against a wall. Better yet, use
soled neoprene shoes instead of rubber boots

when caving in stream caves. These hold only a

thin layer of water that stays pleasantly warm



against your feet. Rubber boots with pierced
drainage holes or with the tops cut off are only
makeshift solutions and they keep your feet
cold.

» Never tuck your pant legs into your boots. This
is a perfect trap for pebbles, mud, sand and wa-
ter.

* [f you cave often, buy your boots a few months
before you begin to use them and let them dry
out in a cool, dark place. This will allow the rub-
ber to harden a bit and will lengthen the life of
the boot (it will also very slightly diminish its
traction).

» Rubber boots can be very cold in snow. To keep
your feet warm, slide a pocket toe warmer be-
tween your sock and boot. These function on
the reaction between iron oxide and air. They
don’t work in water, but there are other variet-
ies on the market that do.

» Shock absorbing insoles add extra warmth as
well as padding.

& Maintenance:

* Rinse your boots with a hose, being careful to
remove all pebbles and clumps of mud that may
be lodged in the grooves of the soles. Pebbles
left wedged in your soles will wear them down
more quickly, and mud will turn to dust when it
dries and find its way into your equipment. Al-
low the boots to dry out completely.

» Aside from drying time, do not leave your boots
in direct sunlight. This will eventually cook the
rubber, causing it to crack and break.

* Atorn or cut boot is nearly impossible to repair,
so avoid walking over particularly sharp rocks
or scraping them over jagged edges. You can
repair smaller snags with tractor tire patches and
vulcanizing glue.

Socks and booties

The feet and hands are the first parts of the body
to get cold, so good socks are extremely important.
They should have a thick loft, both for warmth and
to cushion your step. As with all of your other
clothes, they should be made of synthetic fibers.

Rubber boots have an annoying propensity for
‘swallowing up’ socks which, due to constant rub-
bing, tend to slip down under the heels and gather
there in uncomfortable folds. You can hold your
socks in place by wearing neoprene or quilted fab-
ric booties over them. The latter are less expensive,
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but they quickly lose their shape and soak up wa-
ter. The better choice is a jersey-lined (both sides)
neoprene bootie, about 3.5 mm thick. Always wear
inner socks or synthetic liners with these, since the
neoprene can cause irritation, and perspiration will
facilitate fungus growth. The neoprene will hold
your socks perfectly in place and provide added
cushioning for the feet.

¥ Key points:
* What to look for when shopping for socks:
- the loft of the small loops in the knit;
- reinforced heels and toes;
— elasticity, which will allow the sock to fit well
and remain in place.

Al -

L 4 Tips:

= Bring an extra pair of dry socks on long explora-
tions that follow a stream or river passage.

» Take the time to stop and wring out your wet
socks. The minute spent will be worth hours of
warmth to your feet!

* A pair of high quality, thick socks is better than
two pairs of thin ones.

¢ In stream passages, use neoprene socks with a
thickness that will provide proper insulation for
your feet, and ankle-length inner socks rather
than knee-highs: once they become soaked with
water, the latter will most likely collapse around
your ankles anyway.

Maintenance:

To preserve their shape, cushioning ability and
elasticity, wash your socks in cool water after each
use. Neoprene socks may simply be hand-washed
in cool water, but can also be machine-washed ata
low temperature. It is a good idea to turn booties
inside out when possible, so that the inside of the
booties get thoroughly washed. Hang them to dry
out of direct sun, and never use a dryer.
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The pontonniere is invaluable in long and relative-
ly deep (no more than 1.5 m) stream passages or
partially submerged crawlways. It saves a consider-
able amount of time when used in place of an in-
flatable boat since it makes it unnecessary to shut-
tle packs back and forth. It also eliminates the
significant heat and energy loss that comes with
prolonged submersion. It restricts your movements
somewhat, but much less so than a neoprene wet-
suit, which is much bulkier.

The pontonniere is a pair of one-piece water-
proof overalls with feet, worn over your thermals
or undersuit. It comes up to just under your arm-
pits, and is held in place by suspender-like straps.
Some models are made of fused PVC-coated nylon,
much like the PVC caving suit except with lighter
fabric. As with the caving suit, the inelasticity of
PVC limits movement, especially at the knees. For-
tunately, a more comfortable version exists in la-
tex, which moves more easily with the body. This
material is lighter but more delicate, so it should
always be worn under a caving suit. A major disad-
vantage of the pontonniere is that it traps and con-
denses moisture inside, eventually saturating your
socks and undergarments. For this reason, take it
off as soon as you are out of the water to prevent
overheating, excessive condensation and ultima-
tely, chilling.?

The cagoule is a kind of waterproof anorak (of-
ten made of latex) that covers the upper body and
most of the head and face. It fits tightly around
the wrists and snuggly around the face to prevent
water from seeping in. For climbing in waterfalls
or crawling in low, water-filled passages, it is the
ideal complement to the pontonniere. To seal the
two against the influx of water, either roll the bot-
tom of the cagoule (if it is long enough) and the
top of the pontonniere together, or attach a large,
wide rubber band (again from those useful inner
tubes!) over the area where the two pieces over-
lap, like a belt. This combination will get you
through some very wet situations in relative
warmth and comfort.

Fig. 6 — Cagoule.

Fig: 7 - Latex
Pontonniere

i Tips:

« Wear asecond pair of regular or neoprene socks
over the feet of the pontonniere to keep them
in place inside your rubber boots. Otherwise,
like your socks, they will tend to work their way
down toward the bottom of your boots and get
twisted around your feet.

« Neoprene socks also help protect the ponton-
niere from being torn and cut by small pebbles
that may find their way into your boots.

« Because latex is delicate, never step on rocky
ground when putting on or taking off the pon-
tonniere. Instead, use an emptied, flattened
cave pack or your caving suit as protection.

« When using the pontonniere without a cagoule
in deep water, it’s a good idea to have an elastic
belt on hand, made from inner tube bands and
linked together with girth hitches (lark’s foot
knots). Just before you enter a deep spot, fas-
ten it around your chest with a carabiner to en-
sure a tight seal in case the water reaches above
that level.

Morth Americans may use the term "waders” but the pontonniere is a much more specialized and refined form of

“wader.” The cagoule or latex hood is similar to a skintight anorak, covering the head, neck, shoulders, arms and torso,

and is also called a balaclava.

Good news! A pontonniere is being developed in France that is waterproof, breathable and elastic, making it far more

comfartable and perfectly suited to our needs. It will likely appear on the French market in 2002 and be sold by Expé.



= When undressing after your submersion, be sure
to wring out both socks and undergarments
before continuing.

3 Maintenance:

» Because your waterproof garments are both ex-
pensive and fragile, consider paying special at-
tention to their care. When properly cared for
and stored in a cool, dry place, they can last you
ten years or more.

= Rinse both pieces thoroughly —inside and out -
with clean water and dry them in the shade,
making sure to turn them so that both sides dry
out thoroughly. Finally, dust both sides with tal-
cum powder.

s Never leave them in direct sunlight; the latex
will decompose and stick to itself, preventing
further use.

* The latex combo is easy to repair with tire patch-
es and rubber solution.

Neoprene overalls (“farmer johns” or “long johns”)
rival the pontonniere in water-filled passages. In
long and deep river passages, a complete wetsuit
may replace the pontonniere and its cagoule alto-
gether.

Be aware that the thickness and rigidity of a
wetsuit will restrict your movement, especially if
tighter passages require you to wear a cave suit
over it for protection. The two layers don‘t slide
easily against each other, making it hard to lift your
legs and bend your elbows.

During longer trips and even in water, neoprene
wetsuits may cause skin irritation behind the knees,
in the armpits, and at the bend in the elbows. Be-
ing effectively waterproof, neoprene also prevents
perspiration from escaping when you are out of
the water...so don't even think of climbing a pitin
one!

Another disadvantage is that wetsuits are heavy
and cumbersome to carry; one suit can fill an en-
tire pack by itself. For these reasons, they are only
effective (and worth the trouble) in long, horizon-
tal river passages that require prolonged immer-
sion. At least then you won't need to be cautious
about getting wet - jump right in and splash all
you want!
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b Key points:

= Your wetsuit should be an exact fit. If it’s too
loose, water will circulate too easily, chilling you
to the bone. If it's too tight, your movements
will be even more restricted and you'll surely be
miserable. At worst, it could also restrict circula-
tion and lower body temperature. Consider hav-
ing one custom made or making alterations to
fit your body size.

= Choose the thickness of the neoprene accord-
ing to the temperature of the water. There’s no
need to wear a heavy, cumbersome suit if you
don't need it.

= Maintenance:

= Wetsuits require relatively little maintenance
and withstand both dampness as well as direct
sunlight.

= They are also easy to repair using a neoprene or
tire patch and neoprene glue, which you can
find in any dive shop. Work on a hard, flat sur-
face. Position the patch over the area to be re-
paired and cut both pieces at the same time us-
ing a sharp blade, then glue side to side.

Fig. 8 - Two-piece
neaprene wetsuit
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3 Lighting

The shell

It's hard to imagine a caver without a helmet.
No matter where or why you go caving, the hel-
met is an invariable part of our equipment and ful-
fills two very essential functions: it protects the
head from contact with the rock and rock falls, and
it carries your light source, freeing both hands for
use in moving through the cave.

A helmet has two parts: the shell and the
cradle. The shell is bowl-shaped and generally
rimless so as to reduce bulk and thus the possibi-
lity of it getting stuck in tight areas. It protects
against the more benign bumps and shocks and is
made of strong plastic compounds: ABS, nylon,
polyethylene, and polycarbonate are the more
common.

Climbing helmets already fall under European
Community (EC) safety standards; all are now
functionally identical aside from decorations and
the number of ventilation holes. In accordance
with the EC directive, all helmets in Europe must
have ventilation holes. Under falling water, you'll
have to resort to the hood of your caving suits
(Petzl sells plastic plugs for the Ecrin Roc, allowing
you to cover the holes or leave them open accord-
ing to your needs). All shells are made of a hard
plastic, and EC standards impose a minimum level
of resistance to wear and aging. A helmet that
conforms to these norms is stamped “CE" inside
the shell, with the date of manufacture clearly
marked. Helmets can last about five years or more,
depending on the frequency of use. A helmet must
be retired at the first appearance of cracks in the
plastic, corroded rivets, deteriorated cradle web-
bing, or if the helmet sustains a violent shock due
to a fall.

A note to those who are tempted by “industrial
standard” construction helmets without holes.
These differ from sport helmets in one important
way: the chin strap on a sport helmet must with-
stand a force of .5 kN without opening, while on
construction helmets it must open when subjected
to under .15 kN force. With the latter, you thus
risk losing the helmet in the event of a fall or an
abrupt shock — and that's a risk you don‘t want
to take.

The cradle

The cradle is designed to absorb the impact of a
rock or other violent blows, and must be made of
shock absorbing material. It usually consists of a
network of webbing straps that adjust around the
nape and chin but not over the skull area, so as to
prevent any contact between the top of the head
and the shell. This safeguard leaves the helmet
perched a bit higher on the head, leaving some
sideways play. You can compensate for this by tight-
ening down on the nape and chin straps. Some
models provide adequate shock absorption by add-
ing a layer of expanded polystyrene foam to the
inside of the helmet. This foam crushes when hit
hard. These models should be avoided despite their
lighter weight, since the foam traps heat and caus-
es excess perspiration. Foam protections are also
ill-suited to the adverse conditions of caves and
tend to wear out quickly.

The nape and chin straps

Made of nylon webbing, these straps prevent
the helmet from being knocked off the head in the
event of a lateral impact, during a fall, or even
when you bend forward. The chin strap should be
\-shaped, framing the ears on each side, and the
buckle below the chin should always be closed.



Safety standards require that the adjustment buck-
le below the chin be able to loosen or open auto-
matically under a certain amount of pressure, to
prevent the risk of strangulation. Quick-release
buckles are especially convenient when you are
stuck in a squeeze.

® Key points:

= Choose the lightest helmet possible since all hel-
mets comply with the same safety standards. But
beware of polystyrene linings, which are hot as
well as fragile.

¢ Not all helmets fit all head shapes; be sure you
have a good fit before buying one. Some mod-
els have a very practical tension adjustment
around the head, regulated by two side adjust-
ers. But this doesn't allow width adjustment and
50 may not ensure a safe and correct fit for those
with narrow heads. Again, we advise a careful
and complete fitting.

* Be sure the cradle has a comfortable headband
that will limit or prevent irritation to the fore-
head.

* Remember that adding holes to the outer shell
will nullify the manufacturer's guarantee.

i Tips:

* When mounting a headlamp (acetylene or elec-
tric) directly on the helmet, be careful not to
drill the holes too large, too close together, or
too close to the edge of the helmet. A carefully
drilled circular hole will insure the best distribu-
tion of stress on the plastic.

* Be sure to tighten the head strap. It will tend to
enlarge and loosen during the first few minutes
itis worn due to heat from the head, so it should
almost feel too tight when you put on the hel-
met, to prevent its bobbing about on your head
during the rest of the trip.

* Keep a close eye on a helmet that has been set
aside during a break with the acetylene lamp
lit. The tube may twist and knock the helmet
over, causing it to melt or catch fire, burning the
straps and irreversibly damaging the shell.

fiill standard (EN 12492):

Caving helmets must conform to the same stan-
dards as climbing helmets but construction helmets
do not, and should not be used.

» ventilation: the outer shell must contain holes
covering a minimum specified surface area.
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Fig. 9 - Protex caving helmet

* shock absorbing capability: the helmet is placed
on a standard dummy head and subjected to an
impact. The force transmitted to the dummy
must not exceed 10 kN in each of the following
cases:

- vertical impact of a hemispherical mass of 5
kg released from a height of 2 meters;

- impact from the front, side or back of a spher-
ical mass of 5 kg released from a height of .5
meter.

- resistance to perforation: a conical massof 1.5
kg must not make contact with the dummy
when dropped vertically from a height of two
meters.

— the strength and effectiveness of the retain-
ing system (chin and nape straps) are also
tested.

& Maintenance:

* Modern helmets are quite sturdy and only re-
quire a simple wash with water and a sponge or
brush. The headband should be cleaned more
thoroughly to remove sand and dirt, which can
be especially irritating to the forehead. Allow
the headband to dry completely.

« The helmet is not a do-it-yourself piece of equip-
ment. Shell, cradle and chin strap are all ex-
tremely important for safety; if any part of the
ensemble is damaged or altered, the entire hel-
met should be replaced.
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Lighting

Now that we no longer need to build our own
equipment, we rarely end up doing emergency re-
pairs while caving. The carbide lamp, however, still
provides us with this opportunity. It remains one of
the only devices that is capricious at the slightest
change in treatment, much to the chagrin of its
perplexed user.

Carbide

Acetylene has been used as a light source for
over a century and remains the unparalleled pref-
erence of most European cavers. It is inexpensive,
safe, and easy to transport, and it emits a strong,
even, pleasing light. Carbide (calcium carbide) is
synthesized in an electric furnace at 2000°C from a
mixture of coke and calcium carbonate. Today in
France, it is only manufactured by one company
(Bellegarde), and would have likely disappeared in
the 1970s if not for the energy crisis.?

When carbide reacts with water, it gives off acet-
ylene gas, lime and a lot of heat, which we espe-
cially appreciate in cold caves. While most normal
people are repulsed by the odor of acetylene gas
(this comes from impurities; acetylene itself is odor-
less), cavers who are accustomed to its use often
associate this scent with a powerful and evocative
feeling of adventure. Acetylene combustion in the
air is incomplete, forming carbon particles that are
made incandescent by the flame's high tempera-
ture. It is these carbon particles that create such a
bright and pleasing light.

To ensure the best possible carbon combustion
—and thus the best lighting — the jet should spread
the flame out in a kind of fishtail. The jet should be
fanned right-to-left for a broader illumination in
front, rather than front-to-back, which will instead
light up the walls to either side. Faulty jets produce
a high, cylindrical flame that flickers, glows a red-
dish color, and emits more soot. Barely able to see,
you begin the ritual cursing and abuse of your gen-
erator, coming away looking like you just walked
out of the Gulf War...

Classic generators
The reaction between water and carbide takes

place in the generator, or “acetylene lamp." This is

3

made up of two parts: the upper reservoir holds
water and is filled through a screw cap. An adjust-
able valve allows water to drip into the lower res-
ervoir, which is filled with carbide. Acetylene gas
escapes through a tube leading to the burner tip
on the headlamp. The increased pressure in the
generator is only about one-tenth more than that
found in the atmosphere, so you would really have
to abuse your generator to make it explode. This is
in fact a rare but potentially hazardous phenome-
non. What is more likely to cause an explosion is
the accidental opening of your spare carbide con-
tainer in the cave pack and the resultant exposure
to moisture that could lead to a sudden, massive
production of acetylene. The caver’s headlamp can
ignite the gas as he opens the container. Fortunate-
ly, the explosion that follows is usually limited to
the destruction of the pack, some crisped eyebrows
and a temporary loss of hearing. Not critical, but
annoying nevertheless.

Steel generators have been around since the
beginning, but their monopoly has more recently
been broken by more modern materials: the Fisma
and Arras models have nearly disappeared from the
market, replaced by one made of stainless steel,
the Stella (fig. 11). Lighter materials are also avail-
able: the Ariane (fig. 10) and the Alp are both made
of plastic. The Cascade comes from Moscow and is
a gem of a generator in duraluminum, but it's un-
fortunately a rare find in the West. The Russians
have also become the titanium specialists, having
so much of this left over from the former military-
industrial armament factories.

Special generators

Water is at times rare underground, and it al-
ways seems to be rarer on those occasions when
we see it trickle out of our lamps in a crawlway.
Some generators remedy this problem with a
closed-circuit mechanism that prevents water from
escaping. The plug and dropper valve are sealed
by o-rings; a capillary tube crosses from the car-
bide compartment into the water reservoir, inject-
ing gas into the upper portion of the water reser-
voir. The acetylene gas thus regulates the necessary
pressure drop by drop. However, these generators
can be unstable: as more water drips on the car-
bide, the pressure increases in both compartments,

Calcium carbide is still produced and used in the United States to make acetylene gas for welding, so is unlikely to
disappear from the North American market anytime soon.



Fig. 10 - The Anane
plastic carbide gen-
erator.

Fig, 11 — The stainless steel Stella
works on either a closed or open g
circuit

increasing the drip flow, and so on. The only solu-
tion to this problem is to open the water filler cap
and release some of the acetylene gas build-up. Do
not place your jet or any other flame near the filler
hole during this maneuver ! There is really only one
stable rate for a given closed-circuit generator, cor-
responding to the specific flow of each drip valve.
Determine the correct adjustment the first time you
use the generator, and thereafter open the valve
to the same setting while preparing to enter the
cave. Do not touch the valve again, except to trou-
bleshoot an eventual problem. Some of the more
sophisticated models come with a pump that al-
lows you to increase the internal pressure as you
see fit. This refinement will (rarely) allow you to
astound your colleagues upon entry into a larger
gallery, and (more often) consume large quantities
of carbide.
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Disposing of spent carbide

Lime — known to us familiarly as spent carbide -
is the solid by-product of the reaction between cal-
cium carbide and water. Pure lime is a weak base, is
non-toxic, does not chemically pollute the environ-
ment, and contains no dangerous impurities that
can harm cave life. However, these gray-white de-
posits are an eyesore and tarnish the natural beau-
ty of our caves. They remain indefinitely where
they are dumped. Existing piles unfornately en-
courage others to repeat the offense, while the
newcomers should instead denounce the careless-
ness of their predecessors. Even in flood zones,
spent carbide tends to harden and is not complete-
ly flushed out by the water. Burying it in mud
banks is a practice that will likely incur the disap-
proval of biologists: small particles of carbide resi-
due continue to give off acetylene in the moist soil
and by saturating it, the gas can ultimately affect
the fauna.

The general rule is to “pack it out,” which is of
course not such a difficult task and in fact, it quick-
ly becomes second nature. After all, spent carbide
is hardly heavier than the carbide rocks we carry
into the cave. Use a sturdy plastic sack for trans-
port, large enough to allow you space to dump
your carbide directly into it. Close it securely with a
knot and store it at the bottom of your pack.

Carrying the generator

Whatever the model, the carbide generator is
carried either on the hip, across the chest on a
shoulder sling, or on the attachment point provid-
ed by some chest harnesses. Wearing it on a sling
allows easy transfer of the generator when you're
stuck in a squeeze, but also allows it to slide around
every time you lean forward, Wearing it on the hip
has the opposite advantages and disadvantages;
moreover, the generator tends to pull the seat har-
ness down and bruise the hip. A solution is to com-
bine both methods: wear the generator on asling,
clipped to the side of the seat harness with an ac-
cessory carabiner to hold it in place. The carabiner
should be one with a flat wire gate, like those once
used for hanging water bottles from the belt. In a
moment of need, such as when you become stuck
in a squeeze, you just have to give it a good hard
tug to deform the clip and release the generator.
This is the only time when brute force rather than
calculated finesse will help you out of a tight situa-
tion!
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% Key points:

* |In caves as on the surface, do not dump your
carbide; empty it into a plastic sack and pack it
out to the nearest waste bin.

* When choosing a generator, be sure the water
reservoir is sufficiently large (ideally, as large as
the carbide reservoir}; that the screw valve is
long (to prevent you from losing it so often);
that the filler cap cannot (theoretically) be |ost;
and that the joint between the two compart-
ments does not stick out too much (this will re-
duce wear).

= Choosing a slender generator (Ariane, Stella)
will result in fewer jams in tight passages — and
fewer bruises on the hips!

* When weight is the primary consideration, plas-
tic models are the top choice. Duraluminum and
titanium generators are second best, then stain-
less steel and finally steel. Those who spend less
time maintaining their equipment should be
aware that the steel models rust if not cared for
properly.

+ If you want a generator that works smoothly
without too many surprises, choose metal over
plastic models. They are not only sturdier but
are much less capricious. Specifically, the flexi-
bility of the (otherwise sturdy) plastic can result
in deformities caused by the occasional hard
blows that occur during a trip. This can lead to
problems with pressure variation, especially
when carbide nearly spent and overall pressure
in the lamp is low: the result is a flame that re-
peatedly goes out.

id Tips:

* Make a scratch as a reference point for opening
the valve screw; this will make it easier to regu-
late the lamp since this setting should remain
unchanged, even with classic generators.

* Generators require a steady fine-tuning. A low-
er gas flow rate should not be compensated by
asudden, massive release of water. This will only
lead to a sudden overproduction of gas, a hot-
ter lamp and thus surplus water vapor in the
lower compartment. This water vapor will then
condense in the tube or burner jet, interrupting
gas flow and resulting in an unstable flame that
repeatedly goes out.

e Adecrease in flow rate is usually caused by lime
accumulating over unreacted carbide. Since
water enters from above, lime forms on the car-

bide, making it more difficult for the water to
reach unreacted portions. The solution for this
is to shake the generator to make the lime fall
between the solid pieces. To allow a steadier
functioning of the generator, empty the spent
carbide at least once between refills.

= An abrupt release of water on the carbide in a
hurried attempt to light your lamp will lead to
problems later. Think instead of opening the
screw valve to its usual aperture about three
minutes before going underground. A simple
snap of the igniter as you step into the cave or
grab the entrance rope will give life to a nice
blue flame that will soon turn a brilliant yellow.

* |nside the generator, store the carbide in a ny-
lon stocking or some other thin, porous fabric,
This makes it easier to clean the lamp and pre-
vents lime from plugging up the gas or valve
openings. It also makes it easier to recuperate
unused pieces of carbide.

s Carry unused carbide in a rubber "banana” fash-
ioned from a car tire inner tube. It's free, water-
proof, sturdy, supple, and lightweight.

* Treat the interior of the water reservoir on steel
generators with an anti-rust product from time
to time.

* Occasionally remove and clean the double air/
water tube on the Ariane, which tends to plug
up with use,

= Open a stuck generator by wrapping a piece of
webbing (from a shoulder strap or chest harness
strap) around the lower half. Have a friend hold
the upper half to help twist it loose. The Ariane
has two convenient holds on the carbide cap
that can be used to grip the generator (with a
descender, for example).

¢ Once the generator is open, never empty the
carbide by banging the lower screwbase on a
rock or wall; this will destroy the threads. With
the Fisma, the entire screwbase could break off.

& maintenance:

¢ Close the screw valve a few minutes before leav-
ing the cave and empty the water. Empty the
carbide as soon as you are outside; otherwise,
the spent carbide expands and hardens into a
dense block that must be chiseled apart to be
extracted. This swelling can also destroy the low-
er reservairs of plastic lamps.

* Wash the generator with water and a non-me-
tallic brush (especially with plastic models). If the



generator is metal, separate both parts and let
them dry out completely to avoid rusting. Rust
can attack the interior of the water reservoir in
particular, and eventually eat through it. Also
leave the plug and screw valve open when dry-
ing out the generator.

* Use a pointed tool from time to time to scrape
out the lime deposits that accumulate between
the threads on the screwbase, then lubricate this
with a compact grease (or butter or cooking oil
if you're in a remote area).

= When making repairs with a soldering or braz-
ing iron, fill the water reservoir with water to
help dissipate some of the heat, otherwise you'll
end up seeing the valve stem, plug, or threads
come apart!

The tube
The tube brings the acetylene formed in the
generator up to the headlamp’s jet.

* Key points:

* Choose a tube that:

- won't harden in the cold;

— is supple, with the appropriate diameter for
easy attachment to, and detachment from,
the gas stem on the generator;

- does not soften or melt when heated, since
the metal stem from the lit burner jet can be-
come quite hot;

- won't crush easily when it gets jammed be-
tween your body and the cave, causing un-
timely blackouts.

id Tips:

* A tube that hangs too far from the body gets
hung up everywhere; the smallest rocky outcrop
could compromise your rhythm, if not your bal-
ance, and this can be a nightmare in a tight
squeeze | When the gas tube connects to the left
side of the lamp, as with Laser and Duo head-
lamps, it is best to wear the generator on your
right side. The tube then rises in front of the
right armpit, passes over the shoulder and
around the back of the helmet to join the head-
lamp at the jet. Make sure it is not twisted.
When worn like this, the hose can be easily con-
trolled and remains closer to the body, more or
less following its contours. This is an effective
and comfortable setup.

The Acetylene Generator |

s Cut off any excessive tube length so the tube
rests in close contact with the body, without
pulling tight against it: test this by turning your
head completely to the right.

Acetylene lamp

The acetylene headlamp is made up of an alu-
minum mounting plate, a pipe that connects to the
gas tube, a jet held in a waterproof bezel by an o-
ring, a piezo spark igniter, and a concave alumi-
num reflector to spread light forward. To function
properly, the reflector should be kept clean and
shiny. The major advantage of the piezo igniter is
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Cassowary Cave, Papua New Guinea. Photo L.H. Fage
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its ability to ignite without external energy: the
impact of the hammer arm on a compressed quartz
crystal is enough to trigger the necessary spark. The
Petzl Acéto is the only model on the market with a
piezo igniter. This model is compact and easily de-
tachable, which is particularly useful for removing
the lamp when prospecting with an electric head-
lamp alone, or when passing tight squeezes.

i'% Tips:

¢ The incomparable old jets with two holes are
unfortunately no longer available. Their alumi-
na-based successors, having only one hole, give
off an imperfect fishtail flame. Choose the 14-
litre over the 21-litre jet model (these numbers
correspond to the volume of acetylene given off
by the jet in one hour). The 14-liter model al-
lows less gas to pass and so consumes less while
giving off a wide, luminous flame. Repeated
sweeps with the wire jet cleaner will soon trans-
form it into the 21-liter model.

» Extinguish the flame before cleaning the jet
(have a friend shed some light on the subject):
if the cleaning wire is heated until red, it will
quickly soften and break, sometimes inside the
jet!

* Be careful when leaning your head forward for
prolonged periods of time: the reflector will
become hot and eventually heat up and melt
the plastic bracket that positions and holds the
detachable headlamp. The same can occur if you
lay the helmet down at an angle while the lamp
is still lit. This will inevitably result in you having
to rig some temporary contraption to hold the
lamp in place or switch to electric, then replace
the piece completely when you're out of the
cave.

& Maintenance:

Clean with a sponge and carefully polish the re-
flector with a dishtowel. The steel wire jet cleaner,
included with the lamp, will permit a good brush-
ing of crustier jets, whose tips will deform and en-
large as noted above. Cleaning with an old tooth-
brush is the best solution when possible,

Electric headlamps

In France, the Petzl Duo is the only commercial-
ly available electric headlamp that is ready for
mounting on a helmet. Other models such as the
Micro, Zoom, Enduro, and Solo can be altered for

Fig. 12 - The Explorer helmet comes with
pre-mounted electric and carbide lamps

mounting. The Duo has the advantage of two light
sources. The halogen bulb is an effective and bright
light source, especially for viewing deeper shafts,
high ceilings and chimneys. The dimmer incandes-
cent bulb will give light longer since it consumes
less energy. The Duo is relatively waterproof, even
in waterfalls, but its oval shape can lead to prob-
lems when the lamp is submerged. It has a conve-
nient storage spot behind the headpiece for extra
bulbs and an acetylene jet. The beam direction is
also adjustable.

The Duo runs on four AA (R6), 1.5-volt batteries
or on rechargeable batteries that can be charged
from a wall socket or a car cigarette lighter. AA
batteries can be found anywhere in the world,
which is not the case for the flat battery used by
some models.

Some cavers prefer to use an electric lamp with
a waist-mounted battery pack. These lamps mostly
come from Great Britain. They are dependable but
|ess powerful, and have a colder, more directional
beam. They are in fact as heavy as carbide genera-
tors. If they run on a lead-acid battery, you will need
a polyester safety harness because the acid attacks
nylon. In France, some sport cavers use these lamps
because they find them less capricious than carbide
lamps. For prospecting (ridgewalking), waist-
mounted lamps have been largely replaced by the
more convenient electric headlamps, which work
well enough for these typically short trips.
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Fig. 13 = The FX2 headlamp uses a waist-maunted re-
chargeable Nickel-cadmium battery,

With all electric lamps, rechargeable batteries —
especially nickel-cadmium batteries — can replace
regular batteries. Rechargeable batteries allow a
more economic use of energy and are less harmful
to the environment: regular batteries are stuffed
with heavy metals that are difficult to recycle
(recycling is required by law in some European
countries). The primary precaution to take with re-
chargeables is to avoid total discharge. A nickel-
cadmium battery normally delivers a constant volt-
age, but this falls off suddenly and rapidly at the
end of its discharge cycle, When you detect an ob-
vious yellowing of the light, turn the light off im-
mediately. Otherwise, the weakest battery could
end up with a reverse polarity: it will function in-
versely and be permanently altered.

The second weak point for nickel-cadmium bat-
teries is the memory effect: a battery that is not
discharged completely and is thus only partially re-
charged “remembers” this state: it will only dis-
charge to its usual average level and not beyond.
From then on, rechargeables will no longer hold a
full charge. To avoid this memory effect, discharge
the battery completely from time to time, without
going to the point of total discharge. If the memo-
ry effect is already present, you will have to go
through several charge/discharge cycles to “break
the habit” to which the battery has so deplorably
become accustomed.

Fig. 14 — The HDS Action Light LED headlamp 15 available in
either helmet- ar waist-mounted systems.

LEDs

If we haven’t seen much innovation in electric
lighting systems from this side of the Atlantic, we
are certainly seeing it happen in the United States,
where the electric headlamp of the future is being
perfected in the form of the Light Emitting Diode
(LED). These little lamps are semiconductor-based
electronic components, capable of converting elec-
trical energy into light energy. They have several
advantages: they consume very little energy (20
milliamperes at a few volts), give off a smooth light
with a pre-focused beam, have an exceptionally
long life (100,000 hours), and are very reliable since
they have no filaments. Recently, new diodes were
finally produced which emit a white light with a
color temperature of 6,500°K.

Based on that breakthrough, Henry Schneiker
came up with a clever device: an oval matrix of 24
high-luminosity white LEDs, set in a conductive resin,
is powered via a high tension circuit by one 3-volt
lithium battery weighing 250 grams. The Action
Light headlamp that he commercialized is water-
proof to 100 meters and provides an even, reqgular
field of light that constitutes an excellent ambient
light. It weights 400 grams, battery included, but
this should be worn on a belt. A switch controls the
choice between three light levels. On low, the bat-
tery supplies 300 hours of light. This corresponds
roughly to the light needed in an underground
camp, for example. The lamp automatically switches
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itself to low when the battery begins to weaken.
The middle setting is intended for normal explora-
tion activities, and supplies about 50 hours of light
and excellent visual comfort. Finally, full power can
be used to light up larger chambers, shafts and
domes (avens) and supplies 12 hours of light.

For example, during a seven-day camp in the
famous Lechuguilla Cave, where carbide is forbid-
den for environmental reasons, two batteries sup-

" plied enough light for all activities, about 90 hours

total!

LED technology has developed rapidly in just the
last year or two, and LEDs are becoming ever more
available and affordable. To attempt to give an in-
ventory of new products would soon prove use-
less; the market is evolving too rapidly. Suffice it to
say that we can currently find a wide variety of lamp
madels using 3 to 24 bulbs, as well as 2 to 3 LED
screw-on replacement bulbs for our traditional elec-
tricheadlamps (4.5-volt or 6-volt with a dummy cell).

LEDs are changing the way many cavers use light
underground and many have already made the
switch from incandescent to LED. Some believe that
LEDs may soon replace acetylene as well. However,
there is one major advantage to using acetylene in
cold caving conditions: the heat that it provides
helps ward off hypothermia if ever we are immo-
bilized for an extended period underground. In
cold, wet caves, this is critical, so we aren’t ready to
put our old lamps up in the attic just yet.

L4 Tips:

* Assoon as you leave the cave, open the battery
pack on any electric lamp to air out condensa-
tion and avoid corrosion of the contacts. On
non-waterproof lamps, open the headpiece as
well, and allow both to dry completely.

* Remove the batteries from the box prior to a
long storage period.

* Do not handle halogen bulbs directly with fin-
gers since the latter |leave a fine film of dirt and
grease that can migrate through the quartz and
reduce the life of the bulb, or cause it to fail
completely.

Z Maintenance:

« Wash with a wet sponge.

= The Duo, like other electric caving lamps, is com-
pact and sturdy and requires little upkeep. Re-
place the lens when it becomes too scratched
(it's made of plastic) or broken by an impact.

Although it shines a brilliant silver or gold, this ac-
cessory has nothing to do with lighting. It appears
in this section only because we traditionally store it
in our helmets, where we leave it without further
thought in hopes that we will rarely need to use it.
The rescue blanket is a rectangular sheet of alumi-
num-coated plastic weighing about 60 grams. We
use it underground when a more or less planned
or prolonged wait is necessary : during an aid climb,
in the event of an accident or exhaustion, or en-
trapment due to a flood or collapse. These situa-
tions will be treated in detail in the chapter “Emer-
gencies and Rescue”. Some prefer reinforced
blankets, which are heavier (200 grams) and thick-
er but also much sturdier, easier to fold, and reus-
able. However, they don‘t fit in the helmet and so
must be carried in a rubber boot or against the back
under the caving suit (where they also protect
against impacts). It is not a good idea to carry the
blanket in the pack because it can be forgotten
there, with negative consequences if the unexpect-
ed happens just when the pack is out of reach.

The rescue blanket is used in the turtle position:
sit on the ground with something insulating the
bottom from the cold rock or mud if possible, a
pack or rope for example. Bring your knees up un-
der your chin and lay your helmet — still lit - be-
tween your buttocks and heels, with the generator
held between your thighs so as to warm the femo-
ral arteries. Drape the sheet over your back and
head to form a kind of bell to trap the warm air
inside. Remember that aluminum reflects the in-
frared rays emitted by the body. Convection, con-
duction, and radiation heat loss are all thus effec-
tively controlled and you will soon be bathed in
sweet warmth, But be careful not to fall asleep!
Slowly nodding off, you won't notice the thin sheet
gradually approaching your carbide flame. If your
teammate doesn't nudge you awake in time, your
dreams of comforting warmth will soon go up in
smoke. To avoid such a scenario and if there is
enough space to do so, string a rope up across an
area and place a few sheets over it to form a kind
of group tent or shelter. This will limit condensa-
tion, heat loss...and fire hazards!

4 Also called “space blanket” and “survival sheet.”
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passage goes vertical, he will need additional equipment to face these obstacles and the risks of

Even when suited up from head to toe, a caver is still limited to horizontal caving. As soon as the

falling that they present.

A harness is made from an ensemble of straps that
encircle and hold a caver’s body. Fastened with a
connector, it attaches the user to a fixed point, a
belay, or a caving rope.

A harness system is made up of various ele-
ments:

Seat harness

The seat harness (or sit harness) has, at the very
least, a waist strap and two leg straps. It is the mas-
ter unit of our entire personal safety system. Since
it protects against fatal injury, the seat harness has
of course been subjected to the legislator’s magni-

Fig. 15 - Two types
of caving seat har-
ness: the Petzl
Superavant: and the
MTEE Picos, with
additional butt strap

fying glass: the CE Mark is now required on all seat
harnesses sold in Europe. This guarantees that ev-
ery harness meets all the safety requirements for
its category. To secure a caver in all positions, the
seat harness must fit as tightly as possible without
cutting off circulation. To properly achieve this, all
its straps must be adjustable.

The attachment points may include metal rings
or they may be loop closures made from the har-
ness webbing itself, reinforced with a sheath of
tubular webbing. The former style of attachment
is easier to close and leaves more space on the har-
ness maillon, On the other hand, it doesn't hold
the maillon as firmly in place, and tends to sit awk-
wardly against the body. The characteristics of the
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latter style are the opposite of the former, and it is
also lighter. Again, it comes down to personal pref-
erence.

Even when moving through horizontal passag-
es, the seat harness can be quite important. It keeps
the caving suit well positioned against the body, in
particular preventing the crotch from slipping
down as you move. Such slippage can easily lead to
tearing, since this part of the suit is constantly
stressed to the extreme, especially during wide
straddling moves. In high meanders, the harness
also allows you to carry your pack below you on a
tether.

Chest harness

The chest harness holds the chest ascender in
place during rope climbs. In this capacity, it must fit
rather tightly to ensure that the upper body is in
vertical balance, thereby relieving the arms of un-
necessary work. When you are not on rope, it can
be removed or simply loosened, especially if the
pitches are not far apart. It's best to only moder-
ately tighten harnesses that have a horizontal strap
around the chest, as this could compress the rib
cage. In fact, the circumference of the rib cage au-
tomatically increases when the arms are raised to
push the upper ascender into position. Breathing
in, which you must logically do while climbing, also
expands the chest area, and constricting the chest
cavity in any way will prevent your lungs from fill-
ing to their proper capacity. This must be avoided
because breathing supplies the body with oxygen,
and you want as much oxygen as possible! Opti-
mal chest harnesses for caving have straps attached
to the rear of the harness that rise up the back and
over the shoulders. They then descend back down
over the chest as a continuous loop that is connect-
ed to the chest ascender, These help hold the seat
harness up when tethering heavy packs.

Waist belt

The use of waist belts has fallen out of favor in
recent years, as they are only useful in horizontal
caves, and then only to hold the cave suit in place
and carry the carbide generator (or battery pack).
A better way to hold your suit in place (as discussed
before) is to add a thin cord or strap that runs be-
tween your legs and forms a kind of harness.

Wiaist belts and chest harnesses are not consid-
ered safety devices, because they alone do not pro-
tect the body adequately in the event of a fall,

Fig. 16 — Two types of
chest harness that do not
compress the rib cage

* Key points:

¢ Choose a harness with separate leg loops; many
people find this more comfortable. The bottom
strap on models without separate leg loops com-
presses the hips and thighbones and tends to
turn the knees inward so that they knock against
each other.

s We recommend a minimum of two gear loops
on the harness waist strap. These allow you to
distribute gear more evenly on the harness,
without having to clip carabiners directly onto
the belt. Extra loops can be added but it is best
to buy a harness with them already sewn in;
such loops distort the waist belt less when
loaded.

¢ The wider and more numerous the straps, the
more comfortable the harness since these straps
distribute the weight of the body over a larger
surface. Unreinforced single straps that are less
than 40 mm wide are uncomfortable (except for
tiny people). For chest harnesses, a 28-mm wide
strap is sufficient for comfort.

* The areas that wear out first on a seat harness
are around the adjustment buckles. The better
models are protected in these spots with extra
webbing or plastic. Reinforcing the areas
around buckles on the chest harness is not nec-
essary.

iX Tips:

* The waist belt of the seat harness should be
worn high on the back to maximize support; this
also aids vertical balance when on rope.

* PVCstrap reinforcements should be welded and
not simply sewn on; this will prolong their life.
Pieces of flexible plastic hose can also provide
good, inexpensive protection.



* A well-made, well-adjusted harness doesn’t
need additional straps to hold up the back of
the leg loops.

= Never use a chest harness made of elastic straps
or bungee cord. In the event of a loss of con-
sciousness, these straps will not support a cav-
er's upper body and will allow the head to fall
backwards.

* Thesimple act of hanging in a seat harness com-
presses the body, and leads to unnecessary play
between the body and the harness straps. It is
important to properly tighten down the chest
harness before getting on rope. Inversely, when
getting off rope, the chest will naturally want
to move upward, but will be uncomfortably
compressed by the harness. The need for such
repetitive adjustment leads us to favor models
with a quick-adjust buckle. Since the harness is
constantly pulled tight and loosened by way of
this buckle, the latter is in frequent use and
should thus be chosen with great care.

[l Standard (EN12277):

To pass the European Directive’s safety test, a
seat harness is placed on a standard wooden dum-
my weighing 80 kg; it must withstand a force of
15 kN applied over three minutes without show-
ing signs of deformation. It must also withstand a
similar perpendicular force for three minutes; the
adjustment buckle on the harness waist belt must
not slip more than 25 mm during these loadings.

3 Maintenance:

= |tisasimportant to clean a seat harness regular-
ly as it is to clean our ropes: in both cases, micro-
crystals of calcite present in mud and clay will
slowly cut the nylon fibers, diminishing harness
strength little by little. Moreover, lack of care
will also lead to swollen — and thus shortened -
straps. A water hose and a nylon brush are suffi-
cient for cleaning; both sides of the straps
should be carefully scrubbed. Allow the harness
to dry completely and store it in a cool place
away from sunlight.

* As with ropes, don’t use a high pressure water
hose to clean the harness: instead of washing
the calcite crystals away, the high water pres-
sure will embed them deeper into the webbing.

The Harness | 39

= Only experienced professionals should repair
damaged harnesses. Little by little, localized
wear marks will appear at the more common
rub points; the seat harness should be replaced
before 30% of the material has disappeared
from the most worn region. In addition, all har-
nesses undergo a natural and invisible aging
process that results in the slow degradation of
the fibers, so a seat harness should be replaced
at least every five years, even if it shows no out-
ward signs of damage.

For its central closure and attachment point, the
seat harness uses a special type of maillon rapide
called the “harness maillon” (French Maiflon a Vis
de Ceinture). A maillon is used as the attachment
point to a seat harness instead of a locking cara-
biner because once it is screwed close, its strength
is the same for all directions of loading. This is not
so for the locking carabiner, which shows a dra-
matic decrease in strength when loaded across the
gate. The harness maillon usually comes in a half-
moon shape and is made of 10-mm diameter gal-
vanized steel, stainless steel, or zicral, an aluminum
alloy (fig. 17). Some cavers prefer the triangular
(Delta) form of harness maillon. The Delta leaves
less space for gear when compared with the half-
moon and is thus less practical. In addition, the
Delta will reposition itself at times by turning
abruptly when weighted, disconcerting its wearer
even if there is no danger.

Fig. 17 — The seat harness maillon is a 10-mm maillon rapide
made of zicral or stainless steel and has the shape of a tri-
angle (Delta) or half-moon (D-ring)

5 Cavers around the world have different names for this link, depending on its shape and use. These include half-round,
half-moon, D-ring, Delta, central maillon, and harness maillon. The term “harness maillon” will be used throughout.
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Whatever its shape, the harness maillon has
been known to unscrew itself during use if it has
been incorrectly installed. This dangerous situation
occurs when the maillon has been placed back-
wards on the harness and the caving rope or a foot-
loop rubs against the sleeve during a climb. A cor-
rectly placed maillon must have its opening on the
left side of the body (and towards the bottom), and
NOT on the right. You must then screw down on
the sleeve, and never up ! The downward rubbing
of the rope will thus tend to close the maillon fur-
ther rather than open it. An open maillon is even
more dangerous if the harness has metal attach-
ment loops rather than web-loop closures because
the former are more likely to slip out of the mail-
lon.

The accidental unscrewing of the maillon is
more likely to occur when either:

+ the climbing rope is pulled taut by a foot as-
cender, a helpful teammate or the weight of the
rope in a deep pit; or

« the harness is not properly adjusted, and there-
fore sits farther from the body.

® Key points:

* A strong argument for the aluminum alloy (zi-
cral) harness maillons can be made on the basis
of weight savings (56 g for zicral versus 152 g
for steel). To date, we have never seen an alumi-
num maillon rupture even though it is weaker
than steel, which is the main reason some peo-
ple hesitate between the two.

* Avoid using a zicral maillon on a harness with
metal closure loops: these will cause accelerat-
ed wear on the maillon.

12 Tips:

= |f the harness maillon can be easily positioned
and closed, the harness needs to be tightened.
It is usually necessary to crouch forward a bit in
order to hook the harness loop or ring into the
maillon (after having unscrewed it completely)
and close it again.

= Some argue against using the half-moon mail-
lon in steel because its radius of curvature is too
wide for the material used, which consequently
deforms easily, making it nearly impossible to
screw and unscrew. Others argue that the zicral
half-moon wears out more quickly (including
the threads) and is dangerous if loaded acciden-
tally when open.

« Never place a harness maillon upside down
(with its opening on top) on a harness: the
movement of the gear attached to it will cause
the sleeve to unscrew and open at any time. In
such a situation, the cowstail, chest ascender, or
descender — depending on the circumstance -
could detach immediately.

« To unscrew an especially tight harness maillon,
use the two sideplates of a descender or the
opening of another maillon to hold the sleeve
like a wrench.

il Standard:

The standard for harness maillons is the same as
that which applies to all connectors. (see Chap-
ter E).

& Maintenance:

= Apply a bit of solid grease to the threads from
time to time. If the maillon becomes difficult to
screw and unscrew, scrape between the threads
with a finely pointed object such as an awl.

* A slightly deformed steel maillon can be tem-
porarily realigned with a bench vice, but the re-
pair does not usually last long.

» After each trip, remove aluminum maillons from
harnesses that have web-loop closures. An alu-
minum maillon will be slowly abraded and its
diameter at the points of contact will decrease -
and even more so if the harness has been badly
cared for (again, see the effects of mud and cal-
cite abrasions!). Replace the maillon when nec-

essary.

T
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Cowstails ensure a caver’s safety in exposed set-
tings. They are indispensable on traverse lines, at
pitch heads, and during changeovers while climb-
ing or descending a rope.

When passing intermediate anchors on a
traverse line, both cowstails must be used: the sec-
ond is placed beyond the anchor on the continu-
ing line before the first is removed from the previ-

& Also called lanyards. The correct orthagraphy for “cows-
tails” is “cows’ tails”; the abridged version used here is
a more convenient and widely accepted orthography.



Fig. 18 — Double cowstails made from knotted dynamic rope (left) and sewn webbing (right)

ous section. Cowstails are generally made of 9- to
11-mm dynamic rope (though some are manufac-
tured from webbing, weighing nearly 100 grams
less; see fig. 18). To reduce bulk, we usually use a
double cowstail made from a single length of rope,
attached by an intermediate loop to the maillon.
The loop can be made from a simple overhand knot
and is placed directly in the harness maillon to the
left of the descender. We do not recommend using
a figure-eight knot here: it is bulkier, will wear
more quickly and takes longer to tighten down to
its final size. The cowstails must be of different
lengths since you will use either the short or the
long one according to circumstances. Each length
ends in a loop, again made with an overhand knot
and into which you place a non-locking zicral cara-
biner. Bent gate carabiners may appear to be more
convenient, mainly because they have a larger
opening. But in some cases - for example, sudden
twisting on the rope, cowstails stiffened by dried
mud, or a traverse with a sharp turn — a bent gate
carabiner can actually be very dangerous. It can
snap open under pressure from the rope, releasing
the cowstail from the safety line. Safety should al-
ways come before convenience, so we recommend
sticking to the classic straight gate carabiners. We
also recommend the “keylock” variety of carabin-
ers, which lack the notch of standard models where
the nose meets the gate: the notchless gates make
clipping and undipping much easier because they
don't snag on the rope (see section 7).

A word now about ice, ropes and cowstails. In
winter, ice will cover and stiffen the traverse lines
leading to entrance pits. These frozen lines can
open cowstail carabiners with a simple twist. It is
perhaps prudent in such a situation to use locking
or screwgate carabiners on your cowstails.

With the increased use of foot ascenders, some
cavers — particularly those who climb with this de-
vice on their left foot — now tend to use two sepa-

Cowstalls | @1

rate cowstails rather than the doubled version with
a single attachment loop. Although two attach-
ment loops take up more space in the harness mail-
lon, they help prevent the user from getting tan-
gled up at rebelays. They also facilitate some rescue
techniques.

Separate cowstails are also helpful when train-
ing beginners because they must learn the same
sequence to pass any rebelay, no matter the length
of the cowstail : ALWAYS pass the cowstail between
the rope and the user.

The harness maillon is normally loaded from
left to right (as seen by the user). For the double
cowstail, the sequence is: cowstail, descender,
Croll. For separate cowstails it is: short cowstail, de-
scender, Croll, long cowstail. The last item may be
attached directly to the right side attachment loop
of the seat harness so as to leave more room in the
maillon; however, with this arrangement, the user
will hang a bit off to the side when suspended
from it.

Some cavers use three cowstails, the third one
being a single long one attached to the side oppo-
site the double cowstails, either in the harness mail-
lon or directly an attachment loop. This adds
weight and bulk, but can be useful when getting
off rope at the top of a pitch. Here the user can clip
it into a traverse line. This allows the user to leave

Fig.19 ~ Travelling with cowstails along a traverse line.
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the other long cowstail attached to his ascender,
thereby avoiding the risk of dropping the latter
(quite an annoying situation, which happens!). It
can also be useful at rebelays when one is using a
foot ascender. In short, it's up to each individual to
test the alternatives and then decide for himself.
Novices, on the other hand, are strongly advised to
begin training with either the classic doubled pair
or the two separate cowstails.

K Key points:

* Cowstails made from rope MUST be made from
dynamic rope (please refer to the discussion on
ropes, Chapter E1). Depending on your height,
you may need between 2.2 to 2.5 meters of 9-
mm rope or 2.5 to 3 meters of 11-mm rope to
make a classic doubled pair cowstail. The latter
will be more durable and psychologically reas-
suring, but will also be heavier and bulkier, ex-
posing the knots to increased wear.

¢ A cowstail made from webbing must be made
dynamic, and thus incorporate some energy-ab-
sorbing component. This is achieved by sewing
the webbing together using special thread and
stitching patterns that will progressively rip out
under a shock load. But such a cowstail cannot
be improvised at home: it should be purchased
from a recognized caving equipment manufac-
turer.

e The long cowstail should be long enough to al-
low you to push your upper ascender up to your
maximum preferred height. There is no need for
it to be any longer (and therefore heavier). More
importantly, it must never be longer than you
can comfortably reach, as this would prevent
you from getting hold of the carabiner while
suspended from it (at a rebelay or attached to
the upper ascender).

* The length of the short cowstail should be ad-
justed so that when the cowstail is loaded and
your elbow is positioned over the harness mail-
lon, the carabiner can easily be held in the palm
of your hand.

* The attachment loop (or loops) placed in the
harness maillon tends to wear rather quickly.
Check this wear point regularly (as well as those
at the other knots). To do this, always detach
the cowstails from the harness maillon and car-
abiners when cleaning your gear.

* When clipping to wire or steel cables, always use
steel carabiners,

Fig. 20 - Cowstails mounted on a metal blocking plate

14 Tips:
= When making knots, remember that they will

tighten once weighted, thus lengthening the
tails.

It is sometimes useful to fix the orientation of
the carabiner in its end loop, so that when you
hold it, the gate opening is always at the ex-
treme end of the cowstail. This can be done by
wrapping a rubber band (again, from that
handy inner tube) around the contact point be-
tween the carabiner and the knot. Some special
cowstail carabiners are available equipped with
a steel keeper bar that holds the rope loop on
the correct side of the carabiner relative to the
gate. However, this special characteristic limits
the usefulness of the carabiner for any other
purpose and can be bothersome during some
maneuvers.

" What NOT to do:
* Do not buy plastic keeper bars (one manufac-

turer still makes these in Europe) for use on a
cowstail carabiner. If the end loop of the cow-
stail is too large, it could accidentally pass
through the carabiner gate during use. The cow-
stail would then be fastened to the plastic bar
rather than to the carabiner, presenting an im-
mediate and possibly lethal danger: the caver
would load this flimsy piece of plastic, resulting
in a guaranteed free fall. This is not a hypothet-
ical situation. One young caver found herself at
arebelay with just such a scenario unfolding be-
fore her and owes her salvation only to her very
light weight — and perhaps some luck.

Again: To avoid tangles when passing a rebelay
on a climb, the cowstail should always be passed
between the rope and the caver.



* Cowstails are subject to abrasion. On longer trips
when it will not be needed, remove it if there is
a risk of it being subjected to excessive scraping
or rubbing (as in tight meanders or crawls). Store
itin your cave pack.

* Some cowstails are sold attached to a metal
plate that is connected to the harness maillon
and replaces the central knot of the cowstail. It
contains some holes that immobilize the rope
while allowing you to adjust the relative length
of the two tails, thus preventing the rope from
wearing at the maillon.

» Most of us expect to use three carabiners on the
sides of the seat harness for carrying gear: one
on the left for the short cowstail, one on the
right for the long cowstail, and another on the
right for the carbide generator. This setup al-
lows us to grab the correct cowstail even in to-
tal darkness.

« Don't allow the free ends of the cowstail knots
to be too long. These can catch in the Croll dur-
ing a climb. Ends that extend eight centimeters
(3 in) beyond the knot are enough to ensure
that the knot will not come undone.

fiil Standard:
Caving cowstails do not fall under any safety
standards.

& Maintenance:

» A careful brushing under a stream of water is
again essential for preventing microscopic cal-
cite crystals from cutting the fibers and for pre-
venting a loss of elasticity due to saturation of
the rope by clay and mud. Another argument
for a thorough cleaning: mud-encrusted cow-
stails become stiff and more difficult to handle.

« After each use, check for wear at the knots and
inside the three end loops, as well as the condi-
tion of the carabiners and their gate springs.

A cowstail that is worn from rubbing (usually at
the knots or inside the loops) should be com-
pletely replaced. When? As soon as you begin
to suspect its reliability, or at the latest, when
the rope core at any point becomes visible
through the worn sheath.
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Descenders allow us to slide down shafts on a sin-
gle rope. The most common models used in Europe
today are of the spool variety (fig. 21), based on a
descender invented by Dressler in the early 1960s.
Dressler had the brilliant idea of installing two fixed
spools (also called bobbins or capstans, tr.) between
parallel sideplates; the rope snakes around and be-
tween the spools in the form of an “S." The most
popular model is the Petzl Simple (*Classic”). It is
sturdy, free of useless complexity (simple), and it
doesn’t cause wear on ropes. A gated eye prevents
the moveable sideplate from opening unexpected-
ly, but allows the rope to be loaded and unloaded

Petzl Simple

Petzl Stop Australian auto-locking SRT

Fig. 21 — Four lypes of spool descenders.
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without removing the entire descender from the
harness maillon. Braking is realized by tensioning
the lower rope, which increases friction on the
spools.

In Italy, the Kong Paso Doble is also quite popu-
lar. Its spools are offset, and by simply turning the
device around, this descender can be adapted to
different rope diameters. This can be useful when
dealing with swollen, muddy ropes, or ropes whose
loosened sheaths have gathered at the rebelay,
usually in the deeper shafts.

Some descenders are auto-locking. The Petzl
Stop is equipped with an eccentric lower spool,
which is solidly connected to a handle and is move-
able around its axis. Friction from the rope causes
the spool to pivot, which then pinches and immo-
bilizes the rope against the bottom of the upper
spool. You need to squeeze the handle in order to
prevent this automatic braking action from taking
place and begin the rappel. This descender has cer-
tain advantages: when passing rebelays and dur-
ing changeovers, it dispenses with the need to ful-
ly lock off the descender, thereby simplifying and
accelerating these maneuvers. f necessary, it can
also replace a lost Croll on a climb. In caving, it can
be used as a belaying device during aid climbs and
can protect the user from an uncontrolled rappel if
he is suddenly struck unconscious while on rope.

But the Stop also has its disadvantages, the most
serious of which is not directly attributable to the
device itself but rather to how it is used. It is an "all
or nothing” piece of equipment. That is to say that
many careless or unknowing users will use the han-
dle as a brake, which is NOT its purpose. By more
or less squeezing on the handle, they adjust their
speed with their left hand instead of using their
right hand to control their rate of descent. By do-
ing so, they crush the rope between the spools,
which flattens the braids and accelerates its deteri-
oration. Classic auto-lock descenders can also pro-
duce an uncontrolled rappel or freefall of a pan-
icked novice, whose instinctive (yet in this case
perilous) reflex in an emergency situation is to grab
the descender instead of release it. It is only by re-
leasing the descender that the auto-lock can func-
tion. During a rappel, the Stop requires a notice-
able effort from the left hand to hold the handle
down since it is too short to provide proper lever-
age. Finally, the Stop doesn't completely stop on
new ropes or ropes whose diameter is smaller than
10 mm, or when carrying especially heavy loads. In

these situations, the descender must be locked off
in the conventional way.

In contrast to the Stop, the Australian SRT Stop
offers stopping action at the end of the friction
surface (top of the upper spool) rather than at the
beginning, making for a softer, more effective
brake. It allows a complete stop on all common
rope diameters and the handle is longer and easier
to hold down. Made mostly of stainless steel, it is
nearly impervious to wear, but weighs almost 100
grams more than the Stop and costs twice as much.

Other panic-proof descending devices have re-
cently appeared on the market. The most viable
are the Kong Indy Double-Stop descender and the
Slovenian Anthron Double-Action descender. The
Indy is heavy, weighing almost 100 g more than
the Stop (385 g), takes most rope sizes, and fea-
tures a mechanical clamp that stops the device
when released or squeezed. It costs just a little more
than the Stop.

Like the Indy, the Anthron will stop when
squeezed or when released, its descent position
being in the middle. Unlike other auto-lock de-
scenders, the Anthron cannot be accidentally
opened by its connecting link because the side-
plates are fixed in position: a bight of rope is in-
serted into the device to load the cam. Note, how-
ever, that this operation can be difficult with a stiff
rope. The Anthron weighs less than the Indy
(340 g), but costs about 25% more than the Stop.

SRT has also introduced a double-brake "stop”
descender, but it weighs nearly twice as much as
the Stop and costs over twice as much as any other
double-brake descender. Australian SRT descend-
ers are not as widely available as European models
are.

Given the above arguments, we tend to favor
starting with the classic Simple descender. The ex-
perienced caver should only move to the auto-lock
descender - if he wishes to do so — when he has
mastered the necessary descent techniques and is
resolved not to use the camming device to control
his rappel speed. The transition to such a device
will certainly save time on some maneuvers.

The problem of correctly placing the braking
carabiner below the Simple descender deserves
special attention here. This carabiner is practically
indispensable for comfortably controlling your rap-
pel speed, for effectively locking off, and for sav-
ing the right glove from excessive wear between
the thumb and forefinger. Traditionally, this cara-



biner is placed in the harness maillon to the right
of the descender. However, experience has shown
that in this position, an abrupt loading of the low-
er rope - for example, when an anchor at a rebelay
separating two climbers fails (fortunately, a rare
event) - could cause the upper end of the descend-
er to jam in the braking carabiner. It remains stuck
there while the sideplates separate under the low-
er spool without, however, causing it to fail or to
become significantly distorted. If the pull on the
lower rope is the result of a temporary and some-
what less brutal loading and is quickly rectified, the
top of the descender still remains stuck in the cara-
biner; reducing the braking action practically to nil,
presenting the risk of an uncontrolled descent and
a very hard landing below.

To avoid this possibility, some cavers prefers to
pass the lower rope directly back through the cara-
biner connected to the descender, which obviously
requires repeated screwing and unscrewing of the
gate. If the caver is using an auto-locking carabin-
er, some of these actions are simplified. However,
one must be careful that the direction in which the
rope passes through the carabiner does not rotate
the locking sleeve open by rubbing againstit. There
is another drawback to using this method, called
the “Vertaco” method: if an anchor fails as de-
scribed above, the sideplates on the descender
could end up bending at right angles, possibly even
breaking at the attachment hole... We therefore
do not recommend this method.

Another group attaches the braking carabiner
to the descender carabiner. The potential anchor
rupture scenario does not result in any distortion
or destruction of the descender, but effective brak-
ing will require the user to lift his right hand even
higher, causing fatigue in the arm and more rapid
wear on the right glove. We certainly do not rec-
ommend placing the carabiner in the hole of the
descender’s closure gate: the result is the same se-
rious drawback of the second method, combined
with the risk of losing the carabiner during the
operation, which will then take longer to carry out.

Finally and for the record, there are those who
intend to avoid all of the above mentioned risks by
systematically leaving a free length of line between
any two climbers. This non-solution to the prob-
lem will lengthen the time it takes to complete the
climbs and interrupt communication between team
members, and fortunately has little hope of becom-
ing widely accepted.
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So, how can we overcome this
problem? There is in fact a solu-
tion: use the Italian (Raumer) brak-
ing carabiner called the Handy
(fig. 22), attaching it directly to the
harness maillon to the right of the
descender. Since it is shorter and
narrower than a normal carabiner,
the top of the descender cannot
get stuck in the Handy; there is no
risk of distorting the descender and

Fig. 22 - The :
Handy braking o risk of a resultant free fall. The
carabuner, problem is solved. Made of stain-

less steel, it is practically impervious
to wear, and its V-shaped slot increases the braking
effectiveness when the lower rope jams into it with
a simple lift of the right hand. Finally, weighing
only 106 grams, it is significantly lighter than a clas-
sic steel carabiner (170 grams).

Rack descenders (fig. 23) are effective for very
deep, single-drop pits where the weight of rope
on the descender is considerable (200 meters of
10-mm rope weighs 13 kg dry). These descenders
have a long, open U-shaped frame and weave the
rope in a zigzag pattern between the brake bars.
The brake bars are usually made of a light alumi-
num alloy and are threaded onto the frame. Bars
can be added one-by-one during the rappel, which
compensates for the progressively diminishing
rope weight below and makes for a comfortable

Fig, 23 — Standard rack (left) and
BMS Micro-rack {right) descenders,
for use in deep, free-hanging pitches
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descent. These advantages aside, rack descenders
are by far heavier and bulkier than spool des-
cenders.

A shorter, closed frame rack descender is widely
available in North America, and gaining in popu-
larity over the traditional, bulkier racks. Its “hyper-
bar” gives it the functionality of a traditional rack
descender on longer drops, yet it is more compact
and light. The standard BMS Micro-Rack costs and
weighs about as much as the Stop.”

*® Key point:

Never allow a descender spool to wear down to
the steel bolt (its axle) fixing it in place; the bolt
threads will damage ropes.

% Tips:

¢ To totally arrest a Stop that slips, use your right
hand to take the rope from below the braking
carabiner and bring it up and over the top of
the descender. This is called a half-hitch or half-
lock. Prolonged stops — when placing bolts or
deviations, for example —require a full lock-off:
pass a bight of the lower rope back through the
descender’s locking carabiner, then bring it back
up and over the descender.

* Only moderately tighten the nut after chang-
ing the spool; tightening too much puts added
pressure on the nut and can lead to breakage.
Instead, put a drop of thread stopper (like Loc-
tite) on the thread to immobilize the nut.

fil Standard:

Descenders for caving are not presently gov-
erned by any European norms. In industrial use, a
standard exists (EN 341) for certain “descenders,”
which are actually rescue devices consisting of a
descender and rope.

]

& Maintenance:

= Aswith all mechanical equipment, clean the de-
scender with a nylon brush and water and dry it
thoroughly.

* The duraluminum spools will eventually wear
down from friction and must be replaced. The
closure clip may also twist or break, or the spring
on the auto-locking descenders may eventually
break off; these components can be replaced.

7
B
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An ascender is a device used on ropes that slides
freely in one direction and locks when moved in
the opposite. It is principally used for ascending
ropes, as an accessory in some belay or haul sys-
tems, and even (at least in the past) as a moveable
safety on a fixed line when climbing, for example,
a cable ladder. Two basic types of ascenders are
used in caving, and both operate by pinching the
rope against a U-shaped channel, or gutter, formed
in the housing of the ascender. The first type has a
spring-loaded cam attached to the housing. The
relative weakness of this spring requires that the
point of contact between the cam and the rope
have a rough surface that will help the cam en-
gage the threads of the rope sheath. As soon as a
braking action begins, it will continue automati-
cally due to the shape of the cam, until the rope is
squeezed and immobile in the channel.

Fig, 24 — Petz! Basic
ascender,

Fig. 25 - Gibbs |ever
ascender

The second mechanism operates with a lever
and thus requires no spring; the simple weight of
a load on the lever creates the necessary pressure
against the housing (fig. 25). Lever-based ascend-
ers, such as the American Gibbs, are seldom used in
Europe. They are less efficient on rope because the
levering action takes place over a short but signifi-
cant distance before it fully blocks the rope; we
thus lose several centimeters of ascent with each
stride up the rope. Their greatest advantage, how-
ever, is that they will work on any rope, no matter

Rack descenders of any kind are rarely, if ever, used in European caving.
Other terms in English: “rope clamps,” “grabs,” “jumars,” and “jammers.” "Ascender” will be used throughout.



its condition. This is par-
ticularly useful with mud-
caked ropes that leave
other ascenders sliding
(along with their users)
unpleasantly downward
with each stroke, even
more so the higher one
climbs! In these (fortu-
nately rare) circumstanc-
es, a Shunt can also re-
place the classic upper
ascender, providing in-
comparable relief to its user. In the United States
and Australia, lever ascenders are sometimes used
as components in haul systems. In the US, where it
was once used widely in ropewalker systems, the
popularity of Gibbs ascenders has seen a dramatic
decline in recent years. It is gradually being re-
placed by spring-loaded cam ascenders in Rope-
walker systems, or by the Frog system altogether.
Different types of ascenders have different uses.

Fig. 26 - The Shunt is
very effective on
muddy ropes

The chest ascender

The chest ascender is used in a sit-stand (Frog)
system and is mounted in front, between the
harness maillon and the chest harness (fig. 27). Its
specific role is to hold
the body in place against
the rope while an upper
ascender with attached
footloop is moved up the
rope. The Petz| Croll and
the Kong Cam Clean (ef-
fectively a Croll clone)
carry out this function
perfectly. Given the wide-
spread use of the Croll,
we will often use this
name in the following
pages to generically des-
ignate a chest ascender.
The Croll lies flat against
the body, which limits
bulk when one is moving through tight pinches; it
also holds a caver's body very close to the rope. The
Croll, being a relatively short ascender, maximizes
the effective length of travel each climbing step
produces as a caver lifts himself on the upper as-
cender. Moreover, successive improvements in its
design have made it easier to detach from a rope.

Fig. 27 — The Croll was
the first ascender de-
signed specifically for
use on the chest
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It has also acquired a slotted cam for improved han-
dling on muddy lines. Finally, the Croll is compact
and light.

® Key points:

» For optimal performance, there should be no
play between the chest harness and the chest
ascender. No intermediate elements are al-
lowed: the chest strap must go directly through
the upper hole of the ascender. Any chest har-
ness that requires the use of an additional mail-
lon or a carabiner should not be used.

¢ The Croll should be worn low so that it doesn‘t
ride up against the upper ascender (note how-
ever that the lower it is, the less vertical balance
it provides). The footloop strap can also be made
longer, though this requires the user to push the
upper ascender higher, fatiguing the arms.

» The chest ascender should go to the right of the
descender (as viewed by the wearer) on the har-
ness maillon, leaving the cam free so that the
rope can be easily attached if you need to
change over to ascent during a rappel (for in-
stance, if the rope is too short or you come to an
impassable squeeze).

1% Tips:

» There are several ways to keep the Croll flat
against your body when using a chest harness
made wirh a single piece of webbing a quick-
adjust buckle. Here is an efficient one that will
not compress the rib cage: After threading the
webbing through the upper hole of the Croll,
twist the webbing on either side a half turn be-
fore bringing it over the shoulders and across
the back. This twist will keep the Croll snug
against your chest and prevent it from sitting
perpendicular to your body during the climb.
Fasten the chest harness somewhere on the
front of your body after passing the free end
back through the upper Croll hole, or better yet,
through the harness maillon, as this will not
compress your chest.

e When climbing past a rebelay that required a
pendulum during the descent (or any offset re-
belay), the rope will pull horizontally outwards
from beneath the chest ascender when you
switch over to the upper rope. You can solve this
problem by either straddling the rope or step-
ping in the upper rebelay loop so as to pull the
rope downward.
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The upper ascender
(handled ascender, Jumar, or jammer)

To step up in your footloops, you need a fixed
point of support relative to the rope. A special as-
cender, connected to the footloops and placed on
the rope above the chest ascen-
der, provides this support. This
ascender also provides anoth-
er service: by always attaching
the long cowstail to it, your sys-
tem gains an essential safety
backup in the event the chest
ascender fails for any reason.

Because it is moved up with
the hand, models with a han-
dle, such as the Petzl Ascension
or the Kong Lift, are more com-
fortable to use than those
without handles. The Petzl and
Kong are the most common
models in use and have the ad-
vantage of being drawn easily
along angled traverse lines and
tyroleans without fatiguing the hand,
which stays in a natural position.

The Swiss-made Jumar is a less er-
gonomically designed handled as-
cender; it is also a bit heavier and
more sensitive to shock because it
has a cast aluminum body. Ascender
bodies stamped from sheet metal are
preferable over cast models, because
the heat treatment on the former
gives the metal grains an internal
structure that is stronger than the
isotropic, non-directional internal
structure of cast aluminum.

The Pump is another model of
upper ascender. This ascender comes
with a haul system that reduces (by
one-third) the effort needed to step
up with your legs. The footloop is in-
tegrated into the system and includes
a bar at one end, which is wedged
behind the upper hole of the Croll.
This prevents unnecessary play while
stepping up in the footloop. The
length of each stride is reduced by a
third, but the total energy spent to

Fig. 28 - The Petzl
Ascension handled
ascender.

Fig. 29 — The Pump

Fig. 30 - The Tibloc was designed for emergency use

reach the top of a pitch remains the same as in a
normal system (it is even augmented somewhat by
the additional friction created by the two pulleys,
as evidenced in their characteristic noise). As a re-
sult, the climb will be slower. Such a system should
be reserved for de-rigging trips when climbers are
hauling one or more heavy packs. Larger, heavier
users will also find this system advantageous when
learning to climb. Aside from these instances, the
length of the footloop can be adjusted so as to neu-
tralize the effect of the pulleys, so that the Pump
can be used like a classic ascender. This still leaves
the user with the extra weight (320 g versus 200 g)
and the added bulk of a footloop that is more than
double the normal length.

Some cavers prefer upper ascenders without a
handle such as the Basic (fig. 24), which is lighter
and more compact. Another advantage with the
Basic is its shorter length; the top of the chest as-
cender is less likely to run into it as you step up in
the footloops. Some cavers even use a Tibloc at-
tached to a length of cord. Its lightness at 39 grams
makes it quite attractive, but the Tibloc was con-
ceived for occasional or emergency use-and is not
very practical for continuous use. For the sake of
convenience, we will use the term “upper ascend-
er” when discussing this category of rope grab.

® Key points:

= The height of a vertical step is limited either by
the length of one's maximum leg extension (i.e,,
the length of the femur) or maximum arm ex-
tension, depending on one’s build. There is thus
no universal rule for adjusting an ascending sys-
tem. Someone with long arms, for example,
might be better off using a Basic upper ascend-
er rather than a handled ascender.



« The first adjustment to be made in the climbing
system should be the length of the footloops.
This is done while standing with the foot (or
feet, depending on the type of loop) in the loop,
Croll and upper ascender attached to the rope.
When the footloop is stretched taut, the top of
the Croll should reach the bottom of the upper
ascender cam (the bottom of the handle, if this
type of ascender is used, will be next to the
Croll). Fine-tuning is done while on rope, Take
the time to do this before going caving, as the
efficiency of every climb depends on a well-ad-
justed climbing system.

i Tips:

= |n deep shafts, pulling down on the upper as-
cender will eventually fatigue your hand and
arm. From time to time, alternate the position
of the hands, placing both around and over the
top of the ascender, like the position used with
the Basic. Changing positions helps relax the
hand and forearm (but this is obviously not a
choice when using the Basic).

* When two pitches are separated by meanders,
the ascender/footloop assembly can be cumber-
some to carry. A solution is to leave the assem-
bly intact and place it around the upper body as
shown in figure 31.

Connecting the footloop, long cowstail
and ascender

Joining these elements deserves some discus-
sion. The most efficient system links the ascender
and footloop with a compact locking carabiner. The
cowstail carabiner is then clipped into the locking
carabiner.

Advantages:

* When travelling horizontally and particularly
during rappels, attach the ascender assembly to
the side of the seat harness with the footloop’s
locking carabiner. The footloop is folded three
times and held in the gutter of the ascender by
the cam. If the long cowstail is needed, it can be
easily detached while the ascender remains se-
curely attached to the harness.

« During a rescue situation, this arrangement al-
lows the footloop locking carabiner to be used
in a counterweight system without compromis-
ing the availability of the long cowstail, which is
needed for some maneuvers.
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Fig. 31 - How to wear a “Frog" ascending system when
travelling between pitches.

The foot ascender

When climbing rope, you need only to alternate
between two attachment points: the chest ascend-
er and upper ascender. So why increase your load
with a third point of attachment when two is suffi-
cient? In their natural search for lightness, cavers
will rarely accept the weight and bulk of an addi-
tional device unless it is absolutely essential. But
because the foot ascender is a highly effective and
useful piece of equipment, even for experienced
cavers, it has become a part of many cavers’ equip-
ment. This deserves some explanation.

The principle problem you will encounter when
climbing rope is that of vertical balance. Every time
you tip backward, you must compensate with your
arms to bring your chest back up to the rope. This
will cause the arms to fatigue much more rapidly
than the legs, and you should do all you can to
save your arms from this fatigue. Developing an
efficient technique can already help, but it is not
enough alone. This is where a foot ascender has its
first advantage: the simple act of putting weight
on a foot-mounted ascender will pull the rope taut
above it. The Croll slides up when you step into the
taut section of rope, and, pulling somewhat for-
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Fig. 32 - The Pantin can also be worn with fow-cut
caving boots or shoes, although it may cause the ankle
Lo twist more.

ward, brings the upper body with it. But this is not
the only positive feature, It also solves the problem
of a Croll that “sticks” to the rope; for example, at
the beginning of the climb when there is little
weight below it. With a foot ascender, this prob-
lem is transferred from the Croll to this device, but
since the latter has only a very weak spring, it has
less tendency to stick than the Croll. It also takes up
about half the loading that the Croll takes (at least
when used simultaneously with the footloop, the
other half of the load going to the footloop itself).
In addition, it offers a convenient stepping point
for getting past rebelays and pitch-heads, and like-
wise helps in tight vertical sections. We will consid-
er all of these points in detail when we discuss ba-
sic vertical techniques.

There are two types of foot ascender: The
Aphanicé was the first to appear. It is made of bent
sheet metal folded at a right angle and comes with
a foot strap to facilitate stepping. However, step-
ping up makes the ascender tip inward and the foot
has a tendency to slip toward the outside of the
strap, which the user can only counteract with a
fatiguing tensing of the ankle. Using both feet
solves this problem: the second foot slips into an-
other strap built for just this purpose, and the stride
is carried out more symmetrically. This eliminates
the need for the normal footloop, but the device is
more cumbersome when not in use; its bulkier
frame hangs up everywhere. As for leaving it on
the foot while travelling in horizontal passage, this
is out of the question because the metal plate slips
on rock and interferes with your footing.

The second model of foot ascender came later.
It was first called the Economy and later the Pantin
and it takes a different approach. This model sits

above the ankle to prevent the foot from tipping
outward. The foot remains straight since the ankle
is no longer used. The foot strap is made of flexi-
ble, compact webbing. The simple abrasion resis-
tantstrap goes under the instep of the boot. It thus
does not affect the grip of your shoes or boots, and
can be worn when not on rope. It cannot be used
with two feet, however. This is a minor drawback
in the deeper shafts when the rope and climber
hang free (the other foot steps in its footloop), but
it is a major advantage in climbs against the rock,
when the free foot can use the wall for balance
and support.

% Tip:

To prevent the cam from knocking against the
housing while walking, place a folded end of the
upper ankle strap between the two parts.

Ascender standards and maintenance

fiiil Standard (EN 567):

Tests are carried out on four separate ascenders.

* Performance characteristics: permits manual slide
control in one direction on the rope and blocks
movement in the opposite direction.

= Action on the rope: manual testing to verify that
the rope cannot be removed |aterally.

* Strength: with the maximum rope diameter as
specified by the manufacturer, the ascender must
withstand a continuous force of 4 kN applied 5
times successively, without deforming. The same
test is performed on the minimum rope diame-
ter as specified by the manufacturer.

* Labelling: minimum and maximum rope diame-
ters for use with the ascender are indicated on
the ascender body. '

This standard does not apply to the foot ascend-
er, which is considered a climbing aid and not a
personal safety device (PPE).

& Maintenance:

* Because they have moving parts, ascenders
should be cleaned with water and a brush to
remove any mud or sand imbedded in the com-
ponents. This debris will eventually cause wear
around the cam pinhole, leading to more play
in the cam. To prevent rusting, be sure to dry
out your ascenders completely, and put an occa-
sional drop of oil on the cam pin.



= The cam teeth will eventually wear down with
use and the ascender will slowly lose its grip on
the rope. The manufacturers can replace the cams
and the device will work like new. Keep an eye
out for wear on the attachment holes as well,
especially the lower hole on the upper ascender.

e With greater use, friction caused by tension on
the rope between the Croll and the foot ascender
will slowly wear down the edge on the upper
part of the Croll's outer housing. This can become
razor-sharp, and depending on the condition of
the rope and the weight of the pack below, can
risk damaging the rope. Unfortunately, we can
do little about the unceremonious demise of the
Croll, aside from having the manufacturer place
a stainles steel insert over the worn edge.

During a climb, your footloop gives you the sup-
port necessary for lifting your body up the rope as
you push with your legs. This component must
therefore have no stretch, which is why it is made
with static rope. It must also be flexible, light, and
strong and abrasion resistant
enough to withstand the ten-
sion created during some res-
cue maneuvers. The optimum
material for this application is
Spectra cord (or Dyneema), a
rope made of specially ex-
tended chain polyethylene fi-
bers, which is well suited to
caving. It is so light that it
floats on water; it is inelastic
yet is stronger than steel,
which allows us to use diame-
ters as small as 5 mm. It is six
times more abrasion resistant
than nylon, and it is easy to
melt the ends to prevent fray-
ing. Always choose 100%
Spectra cord (including the
sheath) if possible, as it is the
most abrasion resistant vari-
ety. It is completely white be-
cause Spectra cannot hold a
dye; any cord having colored
fibers indicates that it is a ny-
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Fig. 33 - The footloop
is made from either
webbing or cord
Spectra cord is ideal.
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lon blend. Kevlar is also an excellent fiber, although
it is slightly inferior to Spectra: Kevlar is stiffer,
melts only at a very high temperature, and needs a
nylon sheath to protect it from abrasion. Like Spec-
tra, Kevlar is expensive, but this shouldn't cause any
problems because it doesn't take much cord to
make a footloop. A nylon footloop, on the other
hand, is less resistant to abrasion, more elastic,
bulkier, and nearly twice as heavy!

* Key points:

« Footloops made of webbing are easy to adjust,
so they are preferable for club use. However,
webbing footloops are not well suited for use
in rescue situations because they have a larger
contact surface area when passing over a cara-
biner, creating more friction and requiring more
exertion. They also sometimes catch between
the Croll cam and the rope during climbs.

« Which is better, a footloop with a single or a
double loop ? There are four different setups:
1.0ne large single loop. The feet tend to crush

against each other.

2. With a double footloop, each foot has a cord
with a separate loop, a somewhat bulkier ar-
rangement.

3, Making two separate loops at the end of a
single cord is a possible compromise. Such a
set-up can be used with either one foot or
with both, but having both feet independent
would no longer be possible.

4. Asingle cord or strap with a single loop is the
lightest and most compact assembly (fig. 33).
It allows one foot to remain free for more ma-
neuverability against a wall, and also allows
both feet to be used for upward strides dur-
ing longer climbs. In this case, place one foot
over the top of the other at the edge of the
loop. The single footloop is an ideal assembly
if you are using a foot ascender.

* The length of the footloop assembly is critical.
The bottom of the upper ascender cam should
rest on top of the Croll when your legs are fully
extended. Note that this is not the bottom of
the handle on handled ascenders as such an ad-
justment would alter the ideal length by sever-
al centimeters. A rough adjustment can be made
while standing on the ground, but fine-tuning
must be performed while hanging on the rope.
This is more easily achieved with the compact
Basic ascender than with a handled ascender.
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* The length of your upward step is limited either
by your maximum leg extension (i.e,, leg length),
or by your arm length, depending on the way
you are built: There is therefore no universal rule
for adjusting the footloops. For example, some-
one with longer than average arms in relation
to his leg length may prefer to use a Basic rather
than a handled model,

* When you shorten a long footloop that has no
adjustment buckle, don’t place the knot in the
middle of the strap, but at one of the ends. The
knot will then not interfere with a release ma-
neuver (pick-off) in the event of rescue situa-
tion.

\q Tips:

* When there is little horizontal progression be-
tween pitches, the upper ascender/footloop as-
sembly can be worn as shown in figure 31.

= A small pulley fixed to the upper hole of the
chest ascender and around the footloop is an
effective way to pull the body up to the rope
during a stride. While this greatly relieves the
strain on the arms, it also requires that you dis-
engage the mechanism at each rebelay. This can
be done with a small accessory carabiner that
will open easily under a load but remains at-
tached to the pulley. The continuous back and
forth motion of the footloop on the pulley
makes it even more important to use Spectra
cord in this situation to decrease friction and
resist abrasion,

* To make the loop more comfortable with foot-
loops made from cord, the loop can be made
from a length of sturdy webbing. The webbing
will also provide a wider instep. Twelve-mm
Spectra-based straps are now available and
these make excellent loops. Some cavers use a
piece of plastic tubing to reinforce the lower
loop(s).

B Maintenance:

Nylon can become rough with wear, requiring
more brushing with clean water to prevent it from
stiffening. Less energetic cavers should opt for
Spectra, which remains smooth and flexible,
doesn’t hold mud, and requires only a simple rins-
ing with water. Of course, a footloop that is swol-
len and abraded from excessive wear should be
replaced.

Carabiners are used to connect two or more pieces
of equipment: harness, ascenders, descender, pul-
ley, etc. Most cavers need about six. Anytime safety
is a factor, a locking carabiner must be used, except
for the two cowstails carabiners. We are clipping
and undipping our cowstails so often that a lock-
ing mechanism interferes with their use, causing
us to lose time and expend considerably more en-
erqy, particularly in more sporting passages. When
security is not an issue, go for the simplest and
lightest models. Two basic materials are used in
making carabiners: steel and the light aluminum
alloy zicral.

Steel deforms under an extreme force that is
beyond its elastic limit, while zicral simply breaks.
But the safety coefficient between the weight of
the body on one hand (1 kN maximum) and a zicral
carabiner’s strength on the other (22 kN according
to the required standard) means that even moun-
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Fig 34 — The parts
of a carabiner,

Fig. 35 — HMS non-
locking "D"

Fig. 36 - Two models of screw-gate carabiner for caving,
in zicral {lett} and steel (right)



taineering carabiners (all zicral) almost never break
when shock loaded. Steel isonly worth using with
the descender braking carabiner, where its abra-
sion resistance increases its longevity. Its density —
twice that of zicral — and therefore weight disqual-
ifies it for use anywhere else in our personal gear.

There are hundreds of models of carabiners,
most of which fit into several more general cate-
gories according to their shapes. The strongest
shape is the asymmetric “D" (fig. 34). The bends at
the two ends tend to bring the load toward the
spine, which is the strongest part of the carabiner.
This is the preferred shape for safety carabiners.
Note also the HMS variety, which is larger and pear-
shaped (fig. 35). This carabiner is generally used
with the Minter hitch (see fig. 70). There is also
the classic oval-shaped, or symmetric “caving”
model (fig. 36), which can easily be turned around
in an anchor's hanger plate so that the rope knot
hangs free of the wall. This shape also facilitates
cipping in our cowstail during some maneuvers
{we will discuss this in a later chapter). Oval cara-
biners are also indispensable when it comes to con-
necting pulleys and ascenders.

We recommend using an aluminum screwgate
or auto-locking “D" carabiner to connect the de-
scender to the harness maillon. If the safety mech-
anism consists of a screwgate with a locking sleeve,
the carabiner should be placed with the gate fac-
ing the user, so that vibrations do not cause the
sleeve to unscrew during the rappel and so that
the gate is always visible to the user. Auto-locking
carabiners can also be used. These have a quarter-
turn, spring-loaded sleeve that rotates open when
squeezed, making it easier to install and remove
the descender from the maillon while insuring
against accidental opening. Auto-locking models
with a nylon sleeve are more robust than those
with a zicral sleeve. For the descender’s braking car-
abiner, choose a simple steel (abrasion resistant)
carabiner, or better, a Handy (see section 4, fig. 22).
Do not use an old retired aluminum carabiner for
braking, since it cannot be used for any other load-
bearing purpose in the event of an emergency. In
that case, you will want a safer choice as a backup.
The upper ascender can be connected to the foot-
loop with a screwgate oval, and two carabiners -
at least one of which is locking — should be reserved
for emergency use on the harness side loops.

For a discussion of cowstail carabiners, refer to
the previous section on cowstails.
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Fig. 37 — Pear-shaped mini-carabiner used
to attach the carbide generator to the har-
ness. Not intended for life support

This leaves us with two more
non-locking carabiners. The first is
used to carry the carbide generator
on the harness, and the second at-
taches the pack tether to the har-
ness. The latter should remain attached to the pack
tether. When removing it from the harness, clip it
directly to the pack closure to prevent it from drag-
ging on the ground or becoming a projectile dur-
ing transport.

*® Key points:

* The best type of gate latch is without a doubt
the patented “key-lock” gate, which works just
like a key in a lock. The nose and gate ends are
both smooth and do not catch on cordage and
webbing. Choose this gate style anytime there
is risk of snagging. The hole in the gate end is
slotted to allow for the removal of mud build-
ups. Only Petzl and Kong carabiners have key-
lock gates. However, with time the patent will
fall into the public domain and we will surely
see more manufacturers producing models with
this feature.

Fig. 38 - The key-lock
gate closure

* The danger of a carabiner gate vibrating open
during a rapid rappel is minimal in caving. Spe-
cial high-strength springs on carabiners are
therefore not a priority.

* However, always keep in mind that a carabin-
er's strength is severely reduced when its gate is
open.

* In caving, avoid carabiners with a steel gate
spring. The gate can twist relatively easily if le-
vered and the rope can come out of the cara-
biner. Most importantly, never use these cara-
biners for the cowstails.
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= Russian titanium carabiners have some serious
defects that cannot be overlooked: flaking, a
poorly set hinge pin, and excessive play. Numer-
ous caving accidents occur every year in the Rus-
sian Republic and former Soviet states that can
be attributed to such defects. These must be
avoided; their low cost is still too high a price to
pay for such poor quality.

1% Tips:

* Label carabiners by etching or stamping num-
bers only on the gate arm and not on the spine,
which could compromise its strength. Or better
yet, use colored tape to identify your carabin-
ers.

= Once a carabiner has reached retirement age, it
should be removed from your personal gear and
not given some less noble function in the safety
hierarchy (as on a pack tether, for example). Ex-
perience has shown that it will often end up
again in a more critical role during an emergen-
cy, which common sense would otherwise pro-
scribe. Similarly, non-load-bearing carabiners or
those with unspecified strength specifications
have no place in a serious caver's gear.

 Every carabiner should be carefully chosen ac-
cording the specific function for which it will be
used, and it should remain in that role through-
out its life. This is the best way to avoid forget-
ting anything and to develop the correct habits
in your technigue. These habits will be impor-
tant in certain critical situations such as the on-
set of exhaustion, when the right move at the
right moment is absolutely essential and must
be automatic.

[l Standard :
Standards for carabiners are covered in the sec-
tion on all connectors, page 102.

Z Maintenance:

+ Contrary to popular myth, zicral carabiners can
be worn down, both mechanically and chemi-
cally. Clay, which is acidic in nature, can rapidly
corrode and damage aluminum alloys, especial-
ly in the presence of high humidity. Carabiners
should therefore be washed with clean water
and a brush and left to dry completely as soon
as possible after a trip.

+ When cleaning them, also take the opportunity
to check their condition. Look for small cracks in

the body around the hinge pin
(even if the pin is made of
steel, it eventually wearsdown o,
the gate), the quality of the ;
spring itself, the sideways play ‘;%f
on the gate, the residual diam- - AR
eter of the body, and any oth-  fig. 39 - gate pin
er corrosion cracks.

= An occasional drop of oil on the hinge pin, es-
pecially after a long trip underground, will en-
sure proper functioning of the gate.

* When left too long underground, carabiners can
undergo electrochemical changes. A film of
white alum gel forms on the surface, leading to
further internal structural changes that are
transmitted through the metal’s micro-fissures.
Fortunately, the process of oxidation is highly
visible, and will even lead to the prompt disin-
tegration of some carabiners left for extended
periods in particularly wet, muddy conditions (as
in river passages or waterfalls). With gear that is
left permanently rigged, keep an eye on any
wear caused by movement between anchor
plates and the carabiners or maillons: this will
also lead to eventual breakage!

* Mud can especially interfere with the proper
functioning of some gates with cross-type latch-
es, found only on steel carabiners. Packed mud
prevents the gate from closing properly. Open
gates inherently reduce the carabiner's strength
and because of their shape, steel carabiners are
actually not so strong {only 12 to 16 kN). Always
scrape out any mud or dirt with a sharp object
during cleaning.

A carabiner will wear out from surface abrasion,
corrosion to the body, and excessive wear at the
gate pinhole, all of which adversely affect its per-
formance. Any suspect carabiner that is showing
signs of age or wear should be replaced without
hesitation.
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Though our lives literally hang from them, few peo-
ple know much about caving ropes. Though it has
taken nearly ten years, experience has finally
taught us that we can trust them with our lives in
almost any situation. That said, we must nonethe-
less understand their limits; to know how they are
made and for what specific purposes they are
meant to be used is another matter, but one that
also deserves our attention.

1.1 Types of Ropes

We will consider two basic catego-

ries of rope: dynamic and static.
Dynamic ropes are made to

protect against the consequences VR
h R

i,

{

of shock loading after a fall, as
when a leader falls while moun-
tain climbing. They are elastic, a

caving. Their low stretch minimizes the unpleasant
yo-yo effect we get when climbing with an ascend-
ing system. This feature also minimizes the rope’s
propensity for wear from abrasion, which is pro-
portional to the speed and distance with which the
rope moves against the rock at the point of con-
tact, and thus to its elasticity. Therefore — and con-
trary to popular belief — the damage from abra-
sion on a dynamic rope is not less than that done
to a static rope because it occurs over a longer sec-
tion of rope. In fact, the static rope would proba-
bly sustain less damage. Note also that tyrolean
traverses made with static ropes will sag less, mak-
ing them easier to negotiate. Fi-

nally, static ropes are less expen-

sive than dynamic ropes since

4 their synthetic fibers are not sub-
Ly jected to the special heat treat-
ment designed to increase their
elastic response. Static ropes have

o a white sheath as well as contrast-
ing (colored, in this case) indica-
tor threads.

bit like a bungee cord. A dynamic
rope’s ability to stretch allows it to
absorb the energy accumulated

e
e
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during a fall until the climber
comes to a stop, like a coil spring
that stretches from a suspended
weight. They are always manufac-
tured with a colored sheath; the
contrasting lighter threads serve
as abrasion indicators.
Conversely, static ropes have =
very little stretch and are used in
activities where there is little or no
danger of a significant fall, as
when descending a pitch while

Fig. 40 - A static rope is composed of
a core of many cabled fibers bundled

inside a braided sheath that surrounds
it and protects it from abrasion

Modern ropes are made from
synthetic fibers; nylon (polya-
mide) and polyester are the most
common materials used. Natural
fiber ropes made from cotton,
hemp or sisal can rot and are ex-
tremely dangerous for use in cav-
ing. For specialized applications,
aramide (Kevlar), polypropylene
and high tenacity polyethylene
(Spectra, Dyneema) may also be
used.’

9 The brand names Kevlar and Spectra will be used throughout.
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1.2 Construction

All modern ropes are kernmantel in construction,
i.e., made up of two parts: a braided sheath (man-
tle) that surrounds and protects a core (kern) that
may be either cabled or braided. The core is the
load-bearing part of the rope and must never be
directly exposed to wear (i.e., it should never be
exposed!). This is why the sheath on caving ropes
is thicker and more abrasion resistant than that on
climbing ropes.

Braided cores have some advantages: the braid-
ing is like a second rope within a rope, which re-
mains strong and quite flexible. This latter advan-
tage leads to some drawbacks, however: the
flexibility of braided ropes makes them less resis-
tant to abrasion since a greater surface area is ef-
fectively in contact with the rock. They also have
another important weakness: they flatten when
run through a descender, which clearly disqualifies
them for use in caving. Cabled-core ropes, on the
other hand, are quite abrasion and shock resistant.
In European static caving ropes, the core consists
of many small parallel cables, each composed of
three twisted strands, which act like springs under
a load (fig. 40).

In the old days, ropes under load tended to pro-
duce an unpleasant spin that, during a free rappel
or ascent, would turn their users into spiraling tops.
Rope manufacturers have overcome this problem
by twisting one half of the core strands to the left
and the other half to the right. These are the “S"
and "Z" helixes. On high quality ropes, the sheath
is also constructed with these two types of thread-
ing; the strands that make up the left helix are
twisted again to the right and vice versa. This is not
meant to reduce spin on the rope, but to better
align the sheath fibers with the main axis of the
rope, giving them more abrasion resistance: they
work less against the sliding movement of the rope
on the rock at the point of contact.

A rope has a rather complex structure, and the
way it performs is no less complicated. In speaking
of a rope’s performance characteristics, we use sev-
eral parameters:

1.3 Diameter and Mass per Meter

The diameter of a rope largely defines its breaking
strength (or breaking load). Strength is therefore
proportional to the quantity of material in a rope’s
cross-sectional area, or in other words, the square
of its radius. The mass per meter is similarly pro-

portional; this will determine how heavy your rope
bag will be for a given length of rope (and of course
how much you spend on the rope!). The choice of
rope will usually rest on a preliminary compromise
between lightness and strength.

1.4 Stretch

Rope stretch describes the distance the rope length-
ens when loaded by the user. This value (expressed
in percent) should not be too high as it would also
increase bounce and the yo-yo effect during ener-
getic climbs.

While there are other contributing factors, rope
stretch is strongly correlated with the how the core
is constructed, which was discussed earlier. The core
may consist of small cabled, braided or straight
bunched fibers. Cabled cores are twisted and elon-
gate under tension, thus reducing the shock load
transferred to the user. Most ropes have this type
of core. Braided cores will also elongate consider-
ably under light loads (1 kN}; however, once they
have reached their maximum extension, they tend
to stop stretching suddenly, which contributes to
higher shock loads after a fall. Stranded cores are
constructed with unconnected parallel threads and
so have a very low stretch.

Rope makers can modify the stretch and flexi-
bility of their ropes by varying the composition of
the core: by changing the number and size of ca-
bles within it, for example, or by mixing the kinds
of internal components used.

The static elongation present when a rope
breaks is equal to the maximum distance it will
stretch before it breaks. Organic chemistry teaches
us that synthetic fibers consist of macromolecules -
that is, long chains of atoms connected to each oth-
er by very strong bonds having a certain angular
elasticity. Between parallel chains, there is also the
possibility of elastic behavior arising from the par-
tially reversible gliding of one chain next to anoth-
er. Finally, a special heat treatment applied during
the production of the fibers can give them an ad-
ditional “spring,” similar to what we see in a strand
of curly or créped hair. The result is that under load,
the fibers tend to stretch in the direction of the
applied tension. By doing so, they absorb some of
the energy being put into the system. When the
rope can stretch no further and the tension contin-
ues to increase, the molecular structure is irrevers-
ibly transformed and begins to rupture. The rope’s
elastic limit has been exceeded. If the applied force



continues beyond this point, the rope will soon
break.

1.5 Shock Loads and Fall factors

Fall factors and the shock loads (impact force) trans-
ferred to a falling body may at first glance be a bit
difficult to understand. But these notions follow
naturally from what we have just discussed about
rope stretch, and they can be better understood by
taking an example: your falling body. When you
fall on a rope to which you are belayed — while
attempting to climb a dome, for example — what
exactly happens ? Your body falls, and by doing so,
it simply obeys the laws of gravity. The rope, held
by your watchful belay partner, takes up your
weight and begins to stretch. Because it is some-
what elastic, it continues to stretch under the in-
creasing shock load. As we have just seen, it is the
lengthening of the rope that progressively absorbs
the energy of your fall. However, if the rope is too
weak (and let's hope that it isn't), it will reach its
elastic limit and then break, leaving you to plunge
to the bottom of the pitch. At
this point, you might agree that
a stronger rope with greater
stretch is preferable. If this is the
case, then in the above scenar-
io the rope will continue to
stretch, absorbing all of the en-
ergy of your fall. As your falling
body comes to a stop, the stress
on the rope is at its maximum:
i this is what we call the "maxi-
mum shock load” or “peak im-
pact force.” This notion is far
from theoretical: it is the very
force that is transferred to your
body at the moment your fall is
arrested.

It is worth noting that if your
rope is too static, your fall will
be arrested very abruptly after
a very short stretching distance.
The effect on your body would
be catastrophic: just imagine
— your spinal column as a loosely
connected string of falling dom-
inos, and you get the picture.
Caving in a wheel chair remains
a highly impracticable sport, so
you may now be convinced of

Fig. 41.

the merits of using dynamic rope when climbing
domes or other obstacles on belay. But wait, the
adventure isn't over yet: at the moment of maxi-
mum shock load, your rope will immediately re-
lease some of the energy it has just absorbed. You
will then bounce until the absorbed energy is dissi-
pated, the rope is brought back into equilibrium,
and you eventually come to a complete stop. Your
weight and the load on the rope now being one
and the same, you will likely feel the lingering ef-
fects of a heavy adrenaline rush. But it all happened
so quickly...

Here is the formula for the maximum shock load,
which your falling body has just undergone:

F=(KxHL)

In this formula, the coefficient K is a function of
your weight and the cross section and elasticity of
the rope to which you are attached. H stands for
the distance (height) fallen and L is the length of
rope that absorbs the energy of the fall.

The ratio H/L in this fermula represents the fa-
mous Fall Factor.

Surprisingly, it is not just the distance that you
fall that matters, but the ratio of the distance fall-
en to the length of rope that intercepts the fall.
Thus, a fall of 50 meters intercepted by 25 meters
of rope will give the same shock load as a fall of 5
meters intercepted by 2.5 meters of rope (of course,
the consequences of possibly hitting a wall or ledge
during a longer fall may make this equation quite
academic...). In both cases, the fall factor (H/L) is
the same: 50 divided by 25 equals 2; 5 divided by
2.5 equals 2. When we speak of fall factors, two is
the maximum possible value for actively belayed
climbing. While climbing, such a fall factor can be
reached only if you have climbed above the last
belay point held by a belay partner and fall before
placing your first safety. You fall twice the length
of the belay rope separating you from your belay
partner, and you will find yourself hanging below
him. Even in such a scenario, if your partner pro-
vides a dynamic belay by letting the rope slide some
as you begin to load the rope, your fall factor can
be appreciably reduced. Both European and UIAA
standards require dynamic ropes to be tested for
factor 2 falls. With these ropes, the shock load val-
ues typically measured in factor 2 falls are on the
order of 7.5 to 9 kN on a single rope, and 5 to 6 kN
on a double rope.
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In caving and excluding situations where one is
climbing belayed from below, a fall factor should
never be greater than one. A fall factor greater
than one could only happen if you fall after climb-
ing above an anchor point, which should be abso-
lutely prohibited, and which you will in fact rarely
encountered in practice, except in the case of
traverse lines. This is precisely why your cowstails
must be made of dynamic rope. With a factor 1 fall
on a static rope, you will realize a shock load of 6
to 10 kN, which is quite close to what you would
experience in a factor 2 fall on a dynamic rope.

A typical example of a factor 1 fall can be found
with bungee jumping. The jumper springs from a
bridge into the void, held by his feet (and backed
up around the waist) to a highly elastic rope (or,
we could say, a very strong rubber band). This is
attached at its opposite end to a fixed anchor on
the bridge. The jumper doesn't realize that this
band has become taut and begun to stretch; he
only has the sensation of gradually slowing down
until he comes to a stop when the band has ab-
sorbed all the energy acquired by the jumper’s body
during the fall (notwithstanding some internal fric-
tion). Since there is so much stretch, the shock load
will be significantly reduced. The energy absorbed
by the elastic band is then restored as the jumper
bounces back upward, pulled by the taut rope. He
will experience several high, successive oscillations
- each one smaller than the previous - until he
reaches equilibrium as he hangs by his feet at the
end of the rope. Imagine the same jump on a solid,
static chain; it would be difficult to think without
a shiver of what happens to the jumper when the
chain becomes taut...

A rope with an elasticity somewhere between
that of a solid chain and a bungee cord will be able
to absorb a number of shocks, intentional or not.
This capacity for energy absorption will vary accord-
ing to the rope’s construction, which in turn de-
pends on the uses for which it was made. This val-
ue is fundamental from a safety standpoint. It is
measured in test conditions using a steel weight
equivalent to the weight of the average user. The
number of falls that a typical rope is able to with-
stand without breaking is counted, according to
specifications for either factor 1 (for static ropes)
or factor 2 (for dynamic). The higher the number
of falls, the better the rope - at least in terms of
energy absorption. On the other hand, stretch is a
factor that contributes to abrasion. Again, manu-

facturing - and choosing - a rope involves a com-
promise between some rather contradictory fac-
tors.

But, you may ask, why does a rope that is sub-
jected to successive shock loads eventually break,
when these shock loads are significantly smaller
than its breaking strength (which is often much
more than 20 kN) ? The answer is simple: with each
shock load, the rope requires a certain amount of
time to recover its initial stretching capacity. If the
shocks come in close succession, as is the case in the
requisite test conditions, the rope does not have
time to recuperate and its shock absorption capac-
ity is severely reduced. Sooner or later, it surpasses
its limit of stretch and undergoes a permanent
structural transformation that further reduces its
elasticity and thus its ability to absorb subsequent
shock loads. With each shock, the effects of the
impact force increase until the rope breaks.

1.6 Flexibility at the Knot (Knotability)
The amount of flexibility (or lack thereof) where a
knot has been placed is a good indication of wheth-
er a rope is stiff or soft. The nature of the core fi-
bers and the compactness of the sheath threads
both contribute to this quality. With ropes, every-
thing is interrelated, all parts interact and nothing
is simple. Manufacturer prowess lies entirely in the
mix of these delicate subtleties that determine
whether a rope is a well made masterpiece or a
nightmare tangle of threads. Flexibility is a dou-
ble-edged sword, with both advantages and draw-
backs: a soft rope is easier to knot and untie, but a
more rigid rope is more abrasion resistant as it
tends to flatten less against a rock. Unfortunately,
there is no such thing as a perfect rope!

1.7 sheath Slippage

The rope sheath may slide back and forth against
the rope core, and it is generally the use of a de-
scender that causes this slipping. In passing around
the lower spool (upper bar on a rack, or the body
on a figure eight), the fibers opposite the contact
point between the rope and spool are subjected to
a high curving radius and are therefore stretched
more than the fibers on the opposite side. On the
second spool of a caving descender, the reverse
happens. These localized, differential stresses add
to the general stress caused by the weight of the
user, and impact the sheath more directly than the
core of the rope. Moreover, friction of the sheath



with the spools pulls it somewhat downward in
relation to the core. The sheath ends up slipping,
leading to the infamous “sliding sock” effect,
whereby a length of the sheathing extends beyond
the core at the end of the rope. In a worst-case
scenario, this could leave the caver hanging by a
piece of sheath instead of the rope! But rest as-
sured, rope makers are well aware of this phenom-
enon and the better static ropes now have zero
relative slippage.

Canyoning ropes with a polypropylene core and
nylon sheath always shrink with their first soak, but
in this case it is the sheath that shrinks relative to
the core rather than the inverse. This is the result
of a different process: nylon absorbs more water
than polypropylene, so the sheath shrinks more.
This is a normal phenomenon and is easily correct-
ed by cutting off the excess length of core sticking
out of the sheath after several uses.

1.8 Factors Affecting Rope Strength
There are many factors, sometimes ignored or ne-
glected, that affect rope strength. Some depend
heavily on how and in what conditions the rope is
used. Ropes developed specifically for use in cav-
ing, and which therefore directly concern us here,
will be discussed in the section below on static
ropes. Some other general factors apply to all types
of ropes:

Knots

Demanding a comfortable margin of safety
from our ropes makes a lot of sense when we know
that a rope’s labeled strength is only theoretical; it
does not actually exist in practice, since we must
always rig with at least one anchor knot. In the pre-
vious edition of this book, we emphasized this
point because so many cavers seemed oblivious to
its importance. This is no longer the case today, so
we need only remind our readers that tying a knot
in a rope effectively reduces its strength by 35 to
50%, depending on the knot. Moreover, the knot
should be well made and dressed properly; ten-
sion should be well dispersed throughout the knot
and there should never be extra overlapping parts.
When this happens, the overlapping section will
pinch the part beneath, preventing the knot from
equalizing when weighted and subjecting the
pinched underside to additional strain. It is at this
point, just outside the knot, that the rope will even-
tually break, and at a much lower loading than its
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labeled breaking strength. A well-dressed knot is
also more compact, less likely to rub against the
cave wall, easier to manipulate, easier to untie,
easier to inspect, and...prettier!

Physical aging

From its first use, a rope begins to deteriorate.
As we have just seen, the simple act of running a
rope through a descender stresses its fibers in dif-
ferent ways. Endurance tests have shown that af-
ter 1000 passages through a descender, a new
rope's strength is reduced by half! Fortunately, the
use of descenders on ropes is more erratic in reality
than in test conditions; our ropes have the time to
recuperate, and their fibers remain a bit stronger.

In mountaineering and climbing, a rope can
become coated with dirt and sand, which are of
course abrasive. In caving, our ropes abserb mud
and clay, and the calcite crystals found in this clay
penetrate deep into the sheath. These fine crystals
are like tiny glass shards and are just as sharp, and
they can slowly sever the rope fibers. That is why it
is extremely important to wash caving ropes after
every use.

Finally, rubbing against the rock can abrade the
rope sheath, if not the core as well. This phenome-
non deserves further discussion:

Abrasion from use

Some wear from abrasion is the result of nor-
mal use: the back and forth movement of carabin-
ers, or the rubbing on the rock during maneuvers,
for example. At first, this slight softening of the
rope’s feel is pleasant to the touch, but it still sig-
nals a slow deterioration in the rope fibers. Even if
we are careful with our ropes, the sheath gradual-
ly absorbs microscopic impurities that abrade the
fibers and cause it to stiffen. The rope runs less
smoothly through our gear, the wear indicator
threads become thinner and eventually abrade in
places. This is a signal: it's time to retire the rope
and relegate it to less noble tasks. It can be used to
tow a vehicle, secure a tarp over that woodpile in
the backyard, or maybe you can give it to that
friendly landowner. Dipping it in a bucket of paint
should give it some lively colors and prevent it from
surreptitiously finding its way back into your pile
of pit ropes.

While abrasion from normal use is unavoidable,
you should nevertheless do all you can to prevent
accidental abrasion. In rock climbing and on diff
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rappels, this most often occurs because of poorly
placed anchor points. In caving, it is bad rigging,
which we will discuss further in the following sec-
tion.

Chemical aging

Various chemical agents can cause a fiber's mo-
lecular chains to slowly break down. Ultraviolet
radiation from the sun is one of these. A rope left
in direct sunlight will do more than fade, and while
discoloration is only a harmless indicator of the
degradation of the dyes used on the threads, ul-
traviolet radiation damages the rope fibers them-
selves. This damage is invisible, yet it is very real
and even cumulative, Ropes should always be
stored in darkness and allowed to dry in the shade.

Acidic as well as alkaline (basic) chemicals are
also enemies to our ropes. Acids are particularly
damaging to nylon, while bases attack polyester.
Some acids are even more insidious than battery
acid, and these are spread throughout the atmo-
sphere in the form of pollution: for example, sul-
fur from gasoline converts to sulfur dioxide, which
when combined with water in the air, turns to trace
amounts of sulfuric acid. This falls back to earth in
the form of acid rain. Recent studies have shown
that environmental pollution is even more harm-
ful to our ropes than ultraviolet radiation: ropes
exposed to the air pollution in larger cities wore
out more quickly than those exposed under the
same conditions in higher mountain or polar re-
gions. 5o it seems we must protect our ropes from
both air and sunlight. It is best to store them in
closed drums rather than on racks.

Finally, over time, water also has a debilitating
effect on ropes (see page 61).

And now back to our caving ropes...

2.1 Size and Composition

Caving ropes are made of either polyester or ny-
lon. While it is light, polypropylene cannot be used
for caving ropes as it breaks down at a relatively
low temperature - barely more than 100° Celsius
[212° F]. We can reach this temperature by simply
rappelling a bit fast on a descender and stopping
suddenly. Neither can we use Kevlar or Spectra:

though they are extremely strang fibers (about as
strong as steel!), they are totally inelastic and have
no capability for energy absorption. In the event
of a sudden shock load, they lack the necessary
“spring effect” and transfer the entire shock load
to the anchor and to the body of the user who has
just fallen. The potential physical consequences are
considerable, since we are effectively talking about
that steel chain mentioned above !

We generally prefer nylon to polyester. It is more
elastic and produces ropes with a greater energy-
absorbing capability, which is especially critical in
the case of a failed anchor, for example. We will
return to this in a moment.

Caving ropes in Europe are usually between 9
and 10.5 mm in diameter. Below 9 mm, we can no
longer legally speak of them as “ropes” per se; in
Europe, anything below this diameter is labeled a
“cord” according to the safety standard. Once used
primarily for smaller teams, 9-mm ropes are now
the norm for most caving clubs, and are also used
regularly in French Caving School (Ecole Francaise
de Spéléo) training sessions, and this is one organi-
zation that is serious about safety. A nine-millime-
ter rope can hold a static load of 19 to 24 kN at a
cost in weight of about 55 grams per meter. At a
diameter of 8 mm, this value drops to between 16
and 20 kN for roughly 45 g/m, and we are now in
the category of light specialized cords, to be used
with the utmost care and avoiding even the slight-
est risk of abrasion.

Ten-millimeter ropes can bear a static load be-
tween 24 and 26 kN for 65 g/m; for 10.5 mm, this
increases to 26-27 kN for 70 g/m. These two diame-
ters still make up the majority of our caving club
ropes. Given the requirements of the new Europe-
an standards and the improved performance of 10-
mm ropes in recent years, we really have no need
for 10.5-mm ropes today. Ten-millimeter rope is
now effectively the maximum, even for use in res-
cue, and most clubs will find it best to rig with 9
mm (except in the case of heavily used permanent
ropes). A nice opportunity to get your club’s trea-
surer and equipment officers together!

Important differences can likewise be found in
a rope’s construction and depend on the compe-
tence of the manufacturer as well as differences in
the labeled diameter from one model to the next.
The commercial label of a rope's diameter may
have little to do with its strength and falls under
no standards: we can put a label of "10 mm" on



ropes of 9.7 or 10.4 mm, for example. Some manu-
facturers take advantage of this, labeling their
ropes up to 5/10 % greater than their actual diam-
eter. By this simple subterfuge, their ropes seem
lighter and less expensive than others at the
“same” thickness. This makes for a great bargain,
but in reality it is nothing more than an illusion.
There can be up to a 13% difference in price and
weight, and more than a few continue to fall for
this trick !

2.2 Abrasion

As with all ropes and cords, static ropes are subject
to the same wear factors discussed above and a few
more as well. Among all the threats to our ropes,
abrasion is the most insidious because it is often
difficult for the first person down to detect it, de-
pending on the pitch. It is also difficult to foresee
the gravity of its effects. Abrasion breaks the rope’s
fibers one by one, literally tearing away the mate-
rial. Abrasion is proportional to the intensity and
extent of contact between rope and rock; the
roughness of the rock and pressure at the contact
point will both contribute to further abrasion,
which can lead to complete destruction of the
sheath. When the core is exposed, the situation has
become critical because complete breakage is not
far off: being less tightly woven than the sheath,
the core threads are much less resistant to abra-
sion. All of this can happen relatively quickly, and
the user may be quite oblivious to the problem.
Assuming his safety and climbing the rope in peace,
he is unaware that each stride cuts a little more
into that last strand holding him in the void. Be-
ware! Thisis not a theoretical hazard; very real (and
unfortunately fatal) accidents have occurred that
are proot of the danger. We should also not forget
some of the less noticeable causes of abrasion, such
as the use of a descender whose spools have worn
down to the steel pin, or climbing on a chest or
foot ascender that has been sharpened to a razor
edge by overuse. In trying to put off spending a bit
of money in the short term, one can end up wast-
ing ten times more without even realizing it.

As soon as you notice a rub point, you should
eliminate this by immediately altering the rigging
(by changing the anchor point at the pitch head,
placing a deviation or rebelay, etc_; see section K.2).
Remember that the effects of abrasion are worse
when the rope is softer, more flexible, or more elas-
tic (page 58). In this respect, the standard require-
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ment in drop tests has increased from 80 kg to 100
kg, which has led to an increase in the elasticity of
static ropes. For cavers, this is completely absurd,
but as they say, the road to hell is paved with good
intentions...

2.3 Water Absorption

Since the cave environment is nearly always satu-
rated (near 100% humidity), a rope rigged in a cave
should always be viewed as a wet rope, even if the
pitch is dry. Moisture reduces a nylon rope’s perfor-
mance; breaking strength, for example, is reduced
by about 10%. Shock absorption capacity is re-
duced by much more: almost half. If a rope stays
too long underground (i.e., several years), it can
have serious effects on the rope, even resulting in
breakage during normal use. We have already seen
this with a dynamic climbing rope left in a cave for
seven years. While it had only been used twice in
those seven years, it broke on the third use under
the weight of the secand person to climb up that
day. Beware that the effects of rope degradation
are cumulative!

In a more immediate sense, water absorption
translates into more weight, which we evidently
want to reduce as much as possible. A rope can
absorb water in two ways. The first is chemical and
irreversible, resulting from the attraction between
nylon and water molecules. This mutual attraction
can be observed when a new rope is placed in wa-
ter for the first time, as weak but irreversible hy-
drogen bonds are created. The rope swells slightly
and so proportionally shrinks from two to five per
cent or even more, since the total amount of mate-
rial contained in the rope has not changed.

The second way a rope can absorb water is by
simple physical saturation. This process is reversible
and depends little on the type of rope involved; it
is largely proportional to the cross-section and
length of the rope, i.e., to its mass. Still, softer ropes
will absorb even more water because there is more
space between the threads. There is only one way
to avoid saturation: treat the rope with a water-
proofing agent that renders the fibers hydropho-
bic, and water will no longer be able to penetrate.
Here, too, there are two kinds of treatment. One
acts only on the rope’s surface: by soaking the rope
in the product. This method is not long lasting, but
it is rather affordable. The second method is per-
formed in an autoclave by pressurized infusion: the
rope is completely impregnated with the water-
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proofing agent. This method is longer lasting, but
expensive,

Besides water, ropes also absorb mud and clay.
The more the rope wears on the surface, the more
penetration of the mud is facilitated. This process
is accelerated with time and can bring about re-
newed swelling, shrinking and loss of elasticity. The
consequences of wear compound the problem and
these also increase with age and time: the rope
slowly loses its stretch and its ability to absorb
shocks. In shrinking, some ropes can lose more than
10 % of their length by the time they are scrapped
or recycled for dig projects! So we don't recom-
mend you use nylon ropes to measure the depth of
your pits...

Polyester ropes don't chemically absorb water
and therefore shrink much less.

2.4 Freezing

During winter, moisture trapped in some entrance

series ropes may freeze the ropes completely, This

transforms them into heavy, stiff cables that are

difficult to use. The ice

is not in itself dangerous; in fact, if a frozen rope is

subjected to a shock load, some of the energy re-

leased from this will melt the ice in the rope before

transferring to the rope itself. A frozen rope is thus

even stronger! But the basic risks are:

= in the event of streaming (alternate freezing
and melting) on the rope surface, the build-up
of ice on the rope can not only prevent the use
of our vertical gear, but can also create a consid-
erably heavier load on the rope that leads to
breakage;

* the rope can become stuck by the ice to the cave
wall, preventing its use;

= traverse lines can become stiff, which has an ad-
verse effect on our cowstails, as discussed in sec-
tion D3.

2.5 Field Tests on Static Ropes

In 1973, the first edition of this book discussed the
new single rope techniques that would come to
revolutionize vertical cave exploration. There was
so much to cover on the subject that shock load
tests were not discussed or even conducted. We
mentioned this somewhat in the forward. At the
time, our detractors seized on this omission, sug-
gesting we were dangerous lunatics who had the
audacity to throw out the use of our trusted cable
ladders, symbols of the very practice of alpine cav-

ing. They hurled denouncements and went
straight for the slaughter. Now we know what
happened and which path history took. The sec-
ond edition (1981) arrived on nearly conquered
territory. The concept was the same, but it had
time to circulate and tempers had calmed. We only
needed to dispel the scattered doubts that re-
mained in some minds. That second edition thus
focused on a series of systematic tests on both new
and used ropes, Putting forth our argument in this
way paid off: what caver today crosses the lip of a
pitch with more than the slightest worry that the
rope will break before putting his life on it? Con-
versely, we will remind the most experienced and
specialized cavers of the risks they are taking with
beginners — who are without adequate experience
and technical knowledge - if they insist on using
smaller diameter cords that they hope to see legal-
ized!

The widespread practice of single rope tech-
nique has proven that a sufficiently thick rope cor-
rectly rigged over a free drop is quite safe. Confor-
mity to European safety standards for all products
sold within the European Community has also
helped do away with suspect ropes. We thus have
no reason here to repeat the details of these stud-
ies, but only wish to outline them before mention-
ing a few more recent studies.

Performance tests on new ropes require no par-
ticular commentary here: all ropes with the CE la-
bel are obviously suitable for our use. On the other
hand, a real danger lies in the “good buys” found
and bought locally during summer expeditions to
faraway places.

Tests performed on used ropes whose sheaths
show no visible or tactile signs of localized wear
have shown that five-year old ropes 9 mm or thick-
er can withstand the shock load of at least one fac-
tor 1 fall. This reduced strength relative to new
ropes can be attributed to all of the wear factors
previously discussed.

Five years is thus the acceptable life span of a
healthy-looking rope, if we take into account that
most shock loads rarely reach a fall factor of 1 in
caving. A classic backed-up anchor with 20% slack
between both fixed points will lead to a fall factor
of about .3 in the event the primary anchor rup-
tures: a free fall and a pendulum swing follow. To
reach a fall factor of 1, you would have to hoist
yourself right up to the anchor, leaving the entire
length of rope slack between your harness and the



anchor, and fall without any horizontal travel what-
soever. Still, some shock absorption also takes place
in the anchor knot, in the temporary stretch of your
harness, and in the compression of your body's
muscles. Real falls, taken by some rather fearless
(or senseless ?) guinea pigs, have shown that under
these conditions, a reduction in the resulting shock
load was about 30% more than the theoretical val-
ues. That is good news for the rope, the anchor,
and the victim.

2.6 Falling on Climbing Gear after

an Anchor Fails

While the standard for static ropes reassures us of
their safety in the most common uses, it says noth-
ing about falls that are taken on our various me-
chanical devices, which will of course happen in
caving when an anchor fails. Some professionals
also use ascenders and descenders on rope in some
sectors of industry. However, rigorous procedures
and reinforcement of the materials used make it
highly unlikely for an industrial anchor to rupture.
In caves, on the other hand, conditions are much
less controlled. While bolt failure is rare it still oc-
curs, either because of a weakness in the rock, in-
correct placement, or a rigging error such as over-
torquing the nut or screw. It is pertinent to consider
what can happen in such a situation, when the fall-
ing caver is attached to the rope via the spools of
his descender or the teeth of his ascenders, rather
than by a knot (as is a climber).

When the primary anchor breaks

Let's first take a look at primary anchor failure
in a pitch. In this case, only one caver is concerned.
Possible fall factors of course remain below 1, but
can be very close to it, especially as the caver gets
closer to the problem anchor point and the distance
between the two anchors (primary and backup) at
the pitch head is reduced. On descent, the descend-
er is not damaged and the caver is only left a bit
shaken. Note that the risk of a ruptured bolt is one
argument for using an auto-lock descender rather
than a Simple: due to a surprise or an unexpected
blow, the caver could lose his grip on the lower
rope and be unable to get it back... until he reach-
es the ground. This risk is lower if we use a braking
carabiner; it confines the rope to a smaller space
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where it is easier to grasp in the event of such an
emergency.

When climbing, the danger lies in the teeth of
the chest ascender and their contact with the
rope.'’ Here again, their effect on the rope depends
on the fall factor and shock load applied to the
rope. This risk is elevated only if the failure occurs
as the climber is approaching the anchor, a very
possible scenario if we consider that the forces ap-
plied to the anchor increase as the eventual victim
approaches it (yet he is still below the anchor, so
the potential FF is less than one!). The result of this
can be quite impressive, even leading to complete
tearing of the rope sheath. Rest assured: the sheath
will only slide down on the core, the latter still the-
oretically holding between half and two-thirds of
the rope’s strength intact. The sheath continues to
slide down until the chest ascender comes slowly
to a stop. If the long cowstail attached to the up-
per ascender becomes taut in the meantime, the
stop may be a bit more abrupt. Nothing to be afraid
of, but what fright in retrospect ! From all this, you
can deduce the following conduct: in every pitch,
climb more and more fluidly as you approach the
anchor, Fatigue, on the contrary, causes you to
climb more fitfully and you will need to fight that
tendency...

When a rebelay fails

Suppose the rebelay separating two cavers on
rope breaks. During the descent, both are on their
descenders. We have already discussed this case in
the section on descenders {page 45), recommend-
ing the use of a braking carabiner such as the
Handy, placed directly in the harness maillon.

On a dimb, everyone is on ascenders. If the re-
belay fails above the first climber, he alone is con-
cerned. In terms of shock load, he finds himself in a
similar, less dangerous scenario than that of a pri-
mary anchor failure because the entire length of
rope separating the climber from the primary an-
chor helps to absorb the shock load. However, the
rebelay was probably placed to avoid unnecessary
contact between the rope and the cave wall (as is
usually the case, except in deep pits to break up
the climb). Now the rope is back against the wall...
As we have already seen, stress on the anchor in-
creases during a climb, so it is likely the rupture

10 Never use a toothed ascender as the primary climbing belay, and particularly when the fall factor can exceed one. The

teeth can sever the rope under higher shock loads.
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occurred as the climber approached the intermedi-
ate anchor. He must warn his team member below
before continuing cautiously toward the faulty re-
belay, moving as fluidly and gently as possible, Af-
ter checking the condition of the rope and isolat-
ing any possible damage to the sheath with a
butterfly knot or a figure eight, he should replace
the anchor if he has the proper equipment and
enough rope. Otherwise, he should take every step
necessary to ensure that the subsequent climber's
movements on the rope do not worsen the situa-
tion.

If a rebelay separating two climbers breaks,
nothing serious will happen to the top climber, who
will hardly even notice what has happened (unless
he has just passed it). The bottom climber, on the
other hand, will suddenly go flying, although the
fall factor remains low since the length of rope rig-
ging at the upper rebelay will give more shock ab-
sorbing distance, Depending on the placement and
configuration of the rigging, he will experience
something between a vertical fall and a more or
less pronounced pendulum swing. The latter has

b

Fig. 42 - Sketch of situation during descent (left) and climb
(right) before a main or rebelay anchor fails

an advantage, as the resulting shock load is re-
duced in proportion to the amplitude of the pen-
dulum. It also has drawbacks: you risk hitting the
wall - perhaps forcefully - and damaging the rope
on asharp outcrop (There is only a real risk of com-
pletely cutting the rope on a sharp piece of chert;
avoid these like the plague when rigging, and back
up your rebelays if you must rig near them). As for
the primary anchor, it will only undergo a shock
load of barely 5 kN, even in the most unfavorable
conditions (as when our two guinea pigs are very
close to their anchors). In cases where there is a
wide pendulum, back up the rebelay.

After this failure, the two climbers find them-
selves on the same stretch of rope, which poses no
real danger. As the lower climber gathers his
nerves, the upper teammate assesses the situation:
as in the previous case, the failure of the rebelay
has naturally brought the rope back to a rub point.
Atworst, the upper climber may have to climb back
down to this point on a taut rope and position him-
self as a human deviation, with legs locked straight
and feet set apart for greater stability. He waits
there to be joined by his team mate, who comes
across the remains of the faulty rebelay during his
climb and treats them as if passing a knot (see the
section on basic vertical techniques). The upper
teammate can then begin climbing again. Once the
rope is free, the second takes his turn.

Remember that if two anchors are placed at a
rebelay, they should be placed level with one an-
other. If the primary bolt is placed above the sec-
ondary and fails at the moment one is changing
over on rappel, or when one is just reaching iton a
climb, a fall of well between factor 1 and 2 will
result. While this is of course intercepted by the
second bolt, our gear was not designed for this. As
for the risk of falling to the ground when a rebelay
breaks near the bottom of a deep pitch, this is more
theoretical than real: the last few meters of deep
pits are generally quite spacious and it is rarely nec-
essary to place rebelays here. The rope would also
have to be rigged at the last anchor with excessive
slack given its stretch, or rigged to the side as a
pendulum with a breadth that would in any case
call for a backup anchor.

So we see that whether climbing or rappelling,
we are faced with little real danger as long as the
cave has been rigged properly, except in some very
rare cases. \We repeat: ropes are safe, as long as we
use them correctly.



2.7 Key Points and Criteria for

Choosing Static Ropes

We cannot reduce a discussion of static ropes to
merely a few key points, but let's nonetheless re-
member the most important precautions.

* Key points:

* Choose the diameter according to the skill level
of the teams using the rope and the frequency
of its use.

* Retire any rope that has spent 3-4 years under-

ground (2 to 3 years for 9 and 10 mm ), unless

it's passed a drop-test. Its strength can be re-
duced to levels that are difficult to determine.

Avoid all contact with the rock, the flame of

your carbide lamp, and any chemical (oil, gaso-

line, battery acid, etc.)

Whether rappelling or climbing, always move

with the utmost fluidity as you near the anchor.

» Wash your ropes often and check their condi-
tion at this time.

» Store your ropes in a dark place.

» Keep a thorough inventory of the your ropes
and their condition,

# Criteria for Choosing Ropes:

» The increase of the standard mass for determin-
ing shock load capacity from 80 kg to 100 kg
has led rope manufacturers to make their ropes
slightly more dynamic; don’t hesitate to choose
ropes with the least amount of stretch possible
to help reduce the yo-yo effect.

* For the same reason, 9-mm ropes are now en-
tirely suitable for club use: 10-mm is the maxi-
mum; 10.5-mm, being 10% heavier and more
expensive, should be dismissed altogether.

* Choose stiffer ropes; as we have seen, they are
more abrasion resistant. Wash them regularly to
keep them from becoming too stiff.

* Some static ropes are now available with a
“stretch reserve,” a concept that seems promis-
ing. These ropes have a small number of special
low stretch strands in their core: their behavior
is therefore very static (1% stretch between 50
and 150 kg ), which has two advantages:

— they are more pleasant to climb, since the yo-
yo effect is greatly reduced;

— they are less sensitive to abrasion when rub-
bing does occur, since abrasion is proportion-
al to the speed of movement between the
rope and the rock (see page 61).
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One would expect to see the reverse side of the
coin as well: a higher impact force in the case of a
shock load. No worries: these ropes remain as safe
as their counterparts, because the low-stretch
strands in the core will break in the event of a dan-
gerous fall, limiting the shock load to about 5 kN.
This makes it about equal to a classic semi-static
rope (3% stretch between 50 and 150 kg). This
change is of course irreversible, but very unlikely
to occur since such high shock loads are guite rare.
Even in such a case, the rope would remain per-
fectly usable. In this way, these ropes meet the stan-
dard while retaining their advantage as very static
ropes.

fiil standard (EN 1891):

The birth of the European Standard for static
ropes was a painful one and the story deserves to
be told.

The standard covers "semi-static” ropes (a more
suitable term than “static” since these ropes are
not 100% static, as is Kevlar or Spectra for exam-
ple), with diameters between 8.5 and 16-mm. Two
types have been identified:

Type A: general purpose ropes used for all work at
heights, for caving, and for rescue;

Type B: ropes having smaller diameters and less
strength than Type A ropes, requiring greater care
during use and intended for use in descent and res-
cue situations.

The characteristics of Type A and B ropes are list-
ed in the table below. These specifications were set
by the standardization process and deserve some
commentary.

We have already outlined the regulations and
procedures that are in place to protect the Europe-
an consumer when he purchases his personal gear
(PPEs). But it so happens that this great regulatory
machine can slip up, which is exactly what hap-
pened in the case of static ropes. These have al-
ways been used widely in industry and public
works, and specialists in these sectors were respon-
sible for their standardization. These specialists
thought of everything — except that semi-static
ropes were also used for caving. In fact, it was
cavers who invented these ropes, which were later
used in industry. Everyone forgot about the recre-
ational origins of our ropes, for economic reasons
as well as lack of representation from the caving
world. While the UIAA attended every meeting
concerning the standardization of dynamic ropes,
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Standards for mni-sﬁtic ropes
Static breakmg strength

After one fall of 0.3 FF, must withstand :
on a weight of ;

Minimum breaking strength with one figure 8 knot, force applied for 3 minutes:

Maximum Impact force:

at a Fall Factor of {weight) :

Elongation with applied force of 50 to 150 kg :
Sheath slippage relative to core diameter, @ :
Core as % of total mass :

Knot Flexibility (interior @ of knot divided | hy nom. diameter of mpe)

Type A Type B
minimum 22 kN ~ minimum 18 kN
5 falls of factor 1 5 falls of factor 1
100 kg B0 kg
TSI IS IR s s
6 kN 6KN
03(100kg) 0.3 (80 kg)
<5% <5%
<20mm+10x(0-9) <15mm
between 30 and 50 between 30 and 50
FEELEG 1542080 <12

Labeling: a ribbon in the core is dearly marked with CE standard number, manufacture date, name of manufacturer and the

material from which the rope is made.

not a single caving organization was invited to par-
ticipate in sessions involving semi-static ropes, for
seven years, before 1997 - yet these ropes are our
first concern. This absurdity is even more apparent
when we consider that standards relating to recre-
ational activities are within the remit of the Youth
and Sports Ministry (in France) and the Technical
Committee 136 (for European standards), while
those relating to work depend on the Ministry for
Industry and the Technical Committee 160. Of
course, these committees don’t communicate with
each other...

Since Committee 160 was responsible for stan-
dards concerning semi-static ropes, standardization
projects were enacted until 1997 without the in-
put of cavers and in complete ignorance of their
needs. In the work sector, safety standards are tra-
ditionally much higher than in the sports and rec-
reation world.

So, while fall tests were performed on dynamic
ropes with dummies weighing 80 kg, this weight
was changed to 100 kg for static ropes — a heavy
difference that required an increase in rope diam-
eter to stay within the specifications, which, for
caving purposes, are simply extravagant.

To add insult to injury, our brave standardizers
from the industrial and climbing worlds decided to
invent the stipulation that Type A ropes were re-
quired in caving use, though they knew nothing
about caving whatsoever! What was going on
here?

In response to the uproar in the caving commu-
nity, led by the French Caving Federation (FFS), the
Technical Committee 160 rectified the problem by
extending the domain for semi-static rope applica-
tions. The standard now reads: “a rope that does

not conform to the European standard may be used
for the activities mentioned above” (these include
caving). We now have the choice of using Type B
ropes for climbing and descent, or ropes with a di-
ameter of less than 8.5 mm, even for engineering
new lighter ropes.

It is up to cavers themselves, and to their respec-
tive national organizations, to define which ropes
may be used in our sport, regardless of the stan-
dard. A delicate task, indeed. Will they be able to
listen to each other and come to an agreement,
and will they be wise in determining these limits?

2.8 Limits on Light Ropes
Expedition cavers have the understandable temp-
tation to use increasingly thinner ropes. This light-
ens the load, which is already significant in deep
caves. With improved rigging techniques using
ropes that have been proven safe and strong, ex-
perienced cavers have gone form 10.5 to 10 mm,
from 10t0 9, 9 to 8... where will this end ? Can we
imagine someday climbing on a rope resembling
the threads of a spider web? After all, at a corre-
sponding diameter, silk is stronger than steel. Or
perhaps another miracle fiber will come along...
Caving ropes certainly evolve with innovations
in chemistry, methods of construction and techni-
cal use, and the European work groups recognized
this point as mentioned above. This modification
opened the door slightly and clearly indicated that
ropes not classified as Type A or B could still be used
in caving practice, though it did not stipulate min-
imum specifications or conditions for use, Their pru-
dence is understandable since, even though
present-day fibers are theoretically strong enough,
one important point remains: when we reduce a



rope's diameter by a factor of 2, we reduce the
number of fibers used to construct the rope by a
factor of 4. Where is the problem, you might ask ?
Here: wear from abrasion is directly proportional
to the tension placed on the fibers in the rope. For
a given weight, this tension is inversely proportion-
al to the number of fibers in the rope... All other
factors being equal, the sensitivity of a rope to
abrasion — and the corresponding risk of failure —
increases by the square of the diameter by which it
is reduced. Who would dare to assume that, even
with careful rigging, no abrasion whatsoever will
occur, including that which results from a broken
anchor. Considering abrasion alone, it is danger-
ous to seek too small a diameter.

Our caving federations should consider this ar-
gument when they assess the feasibility of a new
type of rope, called "Type L lightweight caving
rope.” Rigging pitches, as we know, is never an
exact science. There are too many variables in the
rock itself and in the possibility of human error. Even
if we leave technique aside, can we be sure that no
club treasurer will ever choose a rope based purely
on financial considerations and thus choose a type
L rope, with its lower price (due to the reduced
volume in material used)? Some margin of safety
is necessary. Our cave diving colleagues reserve 2/3
of their air for the return trip, even when diving in
known passages. This allows for the unexpected.
Given the complexity of our practice, why should
we do any different? Defining a limit of safety isn‘t
easy, but one thing is certain: it is best to err on the
side of prudence rather than recklessness.

In our opinion, 8 mm is a reasonable limit that
should not be passed unless a new miracle fiber
comes along. It would need to be extremely abra-
sion resistant, having a low coefficient of friction
against the rock. This characteristic can only be
achieved with fibers having low transitions points.
But this inevitably makes them sensitive to the heat
caused by the simple use of a descender. Trying to
combine the advantages of nylon and Spectra
would be like trying to crossbreed a fish and a rab-
bit, and we would then need to invent the appro-
priate mechanical devices. This leaves us far from a
clear solution.

Still, some more specialized cavers — few of
whom seem to practice at the average skill level -
are putting pressure on the Federation (FFS) to al-
low the use of diameters below 8 mm. For now,
the FFS defines Type L ropes as:
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« having a minimum breaking strength of 16 kN
for ropes with no knot, and 11 kN for ropes pre-
pared with one figure eight knot at one end;

« able to withstand a minimum of two shock loads
at fall factor 1 on an 80 kg weight, without the
previous fall of factor 0.3 stipulated in the CE
norm.

These specifications don't really address the true
problem at hand, since it makes no reference atall
to diameter, and therefore does not take into ac-
count the risks related to abrasion, the “Achilles’
heel” of small diameter ropes.

And now for the latest development in this al-
ready long story. In October 1999 the General As-
sembly of Authorized European Laboratories re-
fused to validate the provisional “CE" certificate
given by an authorized French lab for an 8-mm rope
made by a French manufacturer according to the
Type L specifications defined by the FFS. The Federa-
tion found itself alone on the front line as it were,
without the support of other European caving fed-
erations and disowned by rope safety professionals.

The authorization of cave ropes with diameters
below 8-mm is a dream that can easily become a
nightmare. That an elite few, having seriously tak-
en into account the risks, wish to use more special-
ized equipment than the average user, is easy to
understand - it is even a sign of progress. But for a
caving federation to legalize the practice would
inevitably make it more commonplace and even
promote it - along with all the associated risks —
among users who may not fully understand the
conditions for use. In the end, it would be wiser to
ignore the practice of a select few when creating
standards that apply to everyone, rather than try
to “cover” this elite by venturing onto shaky
ground where the less experienced caver has more
to lose than to gain. When the diameter is already
small, the user stands to gain very little in terms of
weight while taking significantly greater risks in
terms of safety.

In the event of an accident, the temptation will
be strong to brandish the official standards in call-
ing for legal compensation. If we know that use of
mechanical devices is limited by their manufactur-
ers to ropes of 8 mm or more, we can easily imag-
ine the rest in a courtroom. In a world that is be-
coming ever more litigious, such a risk shouldn't be
taken lightly; well-informed, competent individu-
als certainly have the option, but it is hard to imag-
ine our clubs doing so in their routine practices.
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2.9 Rope Maintenance

Fig. 43

Labeling on a 43-meter rope, belonging to SCR and
put to use in 1999

Cutting and labeling

Maintenance of our ropes begins from the mo-
ment of purchase, with a preliminary soak. This
should last about 24 hours, preferable in running
water (otherwise, change the water after 12 hours).
The purpose of this soak is to eliminate residual
lubricants left from manufacturing. These basically
tend to enhance the “slipping sock” effect, facili-
tating relative slippage of the fibers when they are
run through the descender. This preliminary bath
permanently sets a certain amount of water in the
rope fibers which, as we have mentioned, causes it
to swell and shrink.

You can then cut and label the rope. Otherwise,
the marked length will be incorrect even before its
first use underground. Before cutting, let the rope
dry in the shade, then stretch it out between two
solid points and leave it to stabilize. Always shrink
your rope before measuring.

We recommend using a measuring tape to mea-
sure rope lengths; cut the rope with a hot blade or
melt the ends to prevent it from fraying. Labeling
is important because the diversity of diameters
doesn‘t allow for an easy visual determination
when looking at the tangled mess later on. The la-
beling should at the very least include an “m* for
meters (or “f” for feet), which will prevent any con-
fusion between length and year (or between mea-
surements in the case of joint international expe-
ditions). Complete the labeling with the last two
digits of the first year of use to will save you from
having to peel the sheath away to read the core
labeling later (see below). Marking the initials of
the club or the owner of the rope is optional.

Your labeling should be clear, waterproof and
not too thick.

A good way to label is with adhesive stencils.
Place these over colored tape, which you may code
to indicate the diameter of the rope and the pur-
pose for which it is to be used. Protect both with a
5-7 cm sheath of transparent heat-shrink tubing.

Then you just need a rope log to keep a record of
the brand, diameter, lengths, dates of purchase,
labeling and any modifications (usually a second
cut of the rope following wear on the sheath), and
the date of retirement. At the risk of seeming old
fashioned, we will point out that an index card file
kept at the caving club’s building or room would
likely be more useful to future members than a
computer file that may be lost or inaccessible once
the equipment chairperson leaves office. Be care-
ful if you discover an unmarked rope or accept a
donation from an outside party. In theory, you may
be able to locate the year of manufacture in the
color indicator thread in the rope's core (this still
indicates little about its use, and only applies to
European ropes). From 1982-1997, this thread has
been, respectively: orange, purple, red, green, blue
in 1986, black, yellow, pink, purple, red, blue again
in 1992, orange, green, black, blue, and finally pur-
ple. Some years have double colors, so there may
be some doubt: assume the earliest corresponding
year just to be sure. Since 1997, the year is printed
clearly on a ribbon in the core, to avoid any uncer-
tainty as to the age of the rope.

Washing the rope

Washing ropes is a tedious task — and a chilly
one in winter - but it is indispensable to a rope’s
preservation. The rope should be passed under run-
ning water - or at least left to soak in a sufficient
volume of water - to remove clay, dirt and calcite.
Leaving it to uncoil in a swiftly moving stream, with
both ends attached to a rock or other anchor, is a
good self-cleaning method. You only need to give
it a final rinse, But this method isn't always avail-
able. A commercial rope washer has parallel brush-
es that wrap around the rope and slide along its
length. This can be a time saver compared to using
a conventional hand brush...

If none of these devices are available (as in the
field, for example) you should at least soak the
rope, running it back and forth between your
gloved hands to help eliminate the larger mud de-
posits.

Some may be tempted to use a high-pressure
hose for washing ropes — don’t do it! High water
pressure will literally embed the calcite crystals and
other dirt particles into the rope core, where they
will remain forever, slowly and insidiously cutting
away at the tiny fibers... A kind of sly laziness may
lead some to wash their ropes in an old washing



machine (using the wife's brand new machine
could lead to some unnecessary domestic trou-
bles...). They will come out brilliant, but do not use
detergent. If anything, a bit of mild soap will do,
and always wash at a low temperature. Make sure
to place the rope in loose and uncoiled.

Wash time is also the best time to check the con-
dition of your rope. Since it must pass entirely
through your hands, it will be easy to detect any
alterations in the state of the sheath. Immediately
place a knot at any damaged spot, and cut the rope
there as soon as it has dried. Check the condition
of the core by making consecutive bights of about
50 ¢cm along lengths of the rope, held with both
hands: the curving radius should always be regu-
lar. Any discontinuity in the curve indicates dam-
age to the core. Again, cut the rope at this point.
Change the labeling and stock file accordingly.

Coiling the rope

Properly coiling the rope is an important pre-
requisite for convenience later on, and it is easy to
do. Start with the rope spread out in layered
lengths on the ground. Standing next to the pile,
hold the rope with left hand at about one meter
from its end. Allow the long bit to run through the
right hand while the left and right arms move in
an arc in opposite directions in front of the body.
When the arms are at their farthest point from each

Fig. 44 - Coiling a rope

other, grip the rope with the right hand and bring
the arms back together. Transfer the rope to the
left hand, creating the first coil loop. Move the
hands apart again, the right hand allowing the
rope toslide through it, pulled by the left. The long-
er the rope, the longer the coil loops should be,
limiting their number since the hand can only
stretch so much. To lengthen
each coil, simply begin with
longer arcs between the arms.
If the rope is too long, stop
and undo two of the coils,
place the already coiled sec-
tion on the ground, and be-
gin a new coil with the other
end of the rope. The two can
then be joined as one. This is =

known to some as a butterfly  fig. 45 - Tepping off
coil. a buttertly coil

- Key points:

If you bring the rope to your left hand on the
thumb side and bring it around to your small fin-
ger as you take it away (or vice versa), the rope will
twist, especially if it's stiff. Always place the rope
back on the same side of your hand as where it
left, and invert it by twisting your wrist. The first
loop enters and leaves your hand on the thumb
side, the second loop enters and leaves on the op-
posite side, and so on (fig. 44). This should keep
the rope from twisting. When you have about two
or three meters of rope left to coil, stop. Holding
the coiled rope with the left hand, use the right
hand to bind it, wrapping a few turns of rope
around the top guarter of the coil. If the coil is larg-
er, wrap it a few more times. When you have only
about a meter of rope left, finish it off by placing a
bight in the loop made above the binding. Bring it
over the loop and back down, and tighten it by
pulling on the free end of the rope (fig. 45).

This way of coiling the rope makes it very easy
to handle while at the same time preventing it from
coming undone when held either by the top loop
or the bottom strands. To undo the binding, just
take out the bight and pull on the free end of the
rope. The ather end of the rope should hang about
30 to 40 cm beyond the loops. This will be useful in
the event you need to throw the rope down a pitch
later (though this is a rare practice since we gener-
ally pack our ropes in their rope bags). The end of
the rope (along with its obligatory end knot) won't



20 | Alpine Caving Techniques

Material for Rigging the Cave

pass back through one of the loops as it falls, form-
ing an accidental knot in the rope.

Coil dynamic rope (used double) the same way,
except make two separately bound coils starting
from the middle, working out to each end. At the
end of the process, you are left with two identical
coils linked by short bit of rope that acts as a con-
venient handle for carrying; it is also ready to be
rigged for a rappel.

Shorter ropes (5-10 meters) can be wound about
the elbow and the crux of the thumb, then finished
off as above; with even shorter ropes, simply loop
them a few times and tie a knot around their
middle.

Storage

Ropes should be stored in a cool, dark place, as
in @ basement or in a closed drum or opague rope
packs. Caves are of course the prototypical cool,
dark places, and you can store your ropes in them
as well without fear of damage, as long as they
don't stay there too long (see page 61) and are left
well out of potential flood zones.

Rope life and drop tests

Ropes age and lose their strength gradually with
time, regardless of whether they are subjected to
any particular shock or wear - and even if they nev-
er leave their original packaging ! This aging results
from the slow degradation of the polymer chains
that make up the fibers. But as mere amateurs, we
can only guess as to the hidden mysteries of organ-
ic chemistry... In any case, this is why manufactur-
ers specify an average life expectancy for their
ropes, given normal use. As they surely don't want
to be held responsible in the event of an accident,
they tend to specify the minimum: from three to
five years. These numbers are not so unrealistic:
tests have shown that in five years, a new, unused
9-mm rope will lose 40% of its strength. For 8-mm
ropes, the loss converts to 50% in only three years.
Keep a close and constant eye on thinner ropes.

If you intend to continue using a rope in safety
beyond its recommended life, it is absolutely im-
perative to know its real strength. There is only one
way of knowing this: by performing a drop-test
using an 80-kg metal weight, or “dummy.” This
represents the average caver in a factor 1 fall. While
manufacturer tests use 100-kg weights according
to the standard, 80 kg is sufficient for this kind of
test since the weight is entirely inelastic. It is less

shock absorbing than the human body, which will
be held to the rope by a caving harness. The test
doesnt require much technical skill, but it does re-
quire some work and must be performed with strict
adherence to the guidelines.

Use a permanent anchor set in good, solid rock
above an overhang. After soaking it in water, at-
tach a section of rope measuring about one meter,
not including the attachment knots at each end;
expect to use about 1.5 meters total for each sec-
tion tested. Use 10-to 12-mm oval maillons. Attach
a doubled or quadrupled cord loop to the weight
tied to the end of the auxiliary rope, which is ar-
ranged into a simple haul system, or passed
through an upper pulley and pulled by a vehicle.
Attach the weight to the lower loop of the rope
being tested and then loosen tension on the auxil-
iary rope to check that the knots on the test rope
are set (these are figure eight's for 3-mm or thicker
rope and figure nine’s for thinner). Leave at least
two meters between the weight and the ground:
stretch from the shock force can be significant. Ten-
sion the rope again and raise the weight straight
up to the level of the lower anchor, avoiding any
lateral displacement that will cause the weight to
swing. Cut the cord loop using a knife or box-cut-
ter attached to the end of a pole; this will result in
a factor 1 fall (see fig. 46). Ropes considered to be
sufficiently strong will withstand at least two suc-
cessive factor-one falls before breaking. One fall is
sufficient if the test is confirmed with a second sec-
tion of the same rope being drop-tested.

A drop-test should be performed once a year
after five years for 10-mm or thicker ropes, after
four years for 9-mm ropes, and after three years
for 8-mm ropes.

If you do not test your ropes, follow the manu-
facturer recommendations: attempting to prolong
the life of your ropes could very well reduce your
own.

Retiring your rope

Whether it is the result of age or wear, a rope
must be retired permanently, leaving no confusion
as to its eventual use as a lifeline. It should be phys-
ically removed from the caving ropes store and sent
to the landfill, or moved to wherever you keep your
digging ropes. In the latter case, dip it in some paint
to avoid any confusion as to its use, before storing
itin its new home. Use water-based paint to avoid
further damage to the rope.



Aside from doing pull-down traverses from one
entrance to another (unfortunately rare for us), you
cannot use a rope underground without using at
least one attachment knot. As we have mentioned,
simply placing a knot in the rope before loading it
will reduce its strength and, apart from the case of
localized damage, the rope will always break at the
knot. This weakness varies from 30 to 50 %, accord-
ing to the kind of knot used. In any case, these num-
bers are far from negligible, so the standards for
static ropes include a minimal strength specifica-
tion with a knot.

A good knot is versatile, easy to tie and untie,
and does not severely reduce the rope’s strength.
This knot in fact exists: the figure eight, our most
basic caving knot, which every caver should know
how to tie perfectly with his eyes closed. It must
also be dressed properly, which will make it more
compact... and prettier! It can be tied for use in
many situations, but it cannot be used to do every-
thing, Sometimes caving requires additional, more
specialized knots. Learning to tie knots requires a
lot of hands-on practice, which can often be more
amusing than tedious. Such practice sessions are
indispensable and have the added advantage of
letting the reader rest his eyes...

Static Ropes

To start, let's go over a few terms:

A bight is a section of rope that almost forms a
loop, but remains open; inversely, a loop is closed,
basically a bight that has been turned over on it-
self. The same knot can often be tied in several dif-
ferent ways. Choose your favorite method, opting
for the simplest and most easy to remember, which
will also make it more habit-forming. In some cas-
es, we can only make the knot by manipulating the
free end (or slack end) little by little. Once the knot
is made, the free end should be at least 10 cm long,
to ensure that the knot does not come undone af-
ter tightening down or slipping.

Fig. 47 - Bight and loop

We classify our knots into the following cate-
gories:

3.1 Anchor Knots for Use on an Open
Attachment Point

The loop above the knot is attached to carabiners,
maillons, stalagmites, or boulders (choose only
those that are strong, stable and fixed!).

3.1.1 Anchoring to a single point

This is the most common use. The simplest knots

suffice.

= Overhand loop, or
overhand on a bight:
this is the most com-
pact, but also harder
to untie.

Fig, 48 — Overhand laop knot T3

Fal
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= Figure eight loop, the most basic knot used in 4, Add a stopper knot for safety. Instead of a
caving, suitable for all rope diameters 9-mm and classic overhand knot (figure 51), use a dou-
higher. ble sliding knot (half-double fisherman’s)

which is more secure (fig. 63) or better yet,
make a Yosemite bowline, which threads the
rope back through the knot, leaving the bow-
line loop totally free (fig. 52).
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Fig. 49 - higure eight loop

* Figure nine loop: stronger than the figure eight,
but this may not be an essential advantage. With
a shock load, mechanical devices used to move
on the rope will damage the sheath at a lower
value (about 4 kN) than the residual strength of
a knotted rope. The figure nine is also bulkier
since it is made using an additional half-turn in
the rope. To compensate, it is also a bit easier to
untie on smaller rope diameters. As with the fig-
ure eight, always make sure the knot is compact
and well dressed.

Fig. 50 — Figure nine loop

* Bowline:

1.Make a loop in the rope and pass a bight
through it on the attached side.

2. Place the free end in the loop.

3. Retract the loop by pulling on the attached
side, making the knot.
The attached end should exit by the eye of
the bight, the slack end should exit on the in-
side of the knot (otherwise, bring the slack
end through the bight on the other side). Fig. 52 — Yosemite Bowline




Fig. 53 — Alpine but-
terfly knot

« Butterfly knot: This allows you to make a per-
pendicular loop in the rope. It is perfect for
traverse lines, some anchors, shortening a rope
sling, and for isolating a damaged section of
rope.

* Key points:
Two kinds of butterfly knots exist: the true Alpine
butterfly and the false butterfly. These should not
be confused. The false butterfly is made when the
same end is passed twice over the other end; the
Alpine butterfly is made when each end passes once
over the other end and once under it. (compare the
second phase in figures 53 and 54). The false butter-
fly will slip much easier and it is recommended for
different use: it is ideal as a shock absorbing knot.
The Alpine butterfly is really only useful as a mid-
line knot.

= Clove hitch (fig. 72): this knot is also suitable for
traverse lines but, while it makes it easier to reg-
ulate tension, this knot is hard to tighten down
when used with stiff rope. In this case a butter-
fly is better.

All of these knots can be made in the middle of
the rope as well as at the end, except the bowline,
which must be doubled in the former case (fig. 59).

Fig. 54 — False
butterfly knat.

« Polish knot, or double lark’s foot:
This knot is rarely used but can
be quite useful as a mid-rope
knot, placed directly in a carabin-
er. Compared to a girth hitch, it
has an extra bight around the
carabiner, preventing any slip-
page under the weight of the
user. This isn’t the case with a sin-
gle girth hitch, which should not
be used. The Polish knot is partic-
ularly convenient at rebelays be-
cause it is easy to adjust the slack
in the rope.

Fig. 55 -
Polish Knot

Fig. 72 - Clove hitch
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Fig. 56 — Double figure eight
on & bight, or rabbit ear knot

3.1.2 Anchoring to two or more points
We use Y-belays more and more, since they make it
easier to rig free drops in meanders. Good |oad-
sharing knots can be made with a double figure
eight on a bight (a rabbit ear knot or a mickey knot;
similar to a figure eight loop) or with a double
bowline on a bight, made with a double rope and
then finished off by bringing the rope over the two
loops.

The double bowline on a bight is preferable to
the double figure eight on a bight for four rea-
sons. It is more compact, uses less rope, allows for
easy adjustment between the two loops, and can
be used for safety when passing a rebelay since it is
easier to clip into both loops at the same time at
the top of the knot.

i Tips:

¢ When one of the two earsin the Y is much short-
er than the other, you can save rope and make
it easier to adjust the relative length of the ears
by using a figure eight on the top anchor and a
butterfly knot with an adjustable loop on the
lower anchor.

e \We rarely need to anchor to three fixed points,
except in rescue situations (in which case, we use
self-equalizing anchors). If you need to rig to
three points, make a double bowline, with the
original bight used as the third anchor loop.

Fig. 57 - Double bowline on a bight

3.2 Anchor Knots for Use on a Closed
Attachment Point

We use these when attaching directly to anchor
rings (such as the Star Fix, fig. 83) or natural an-
chors such as trees, flowstone columns, eyeholes,
flakes and natural bridges.

3.2.1 End-line anchor knots

When the end of the rope is available, we can make
all of the previous knots and then rethread the end
through them. The best knots to use this way are
either the rethreaded figure eight or rethreaded
bowline; all other knots are more useful in boat-
ing and marine practice, and not optimal for
caving.

Fig. 58 — Rethreaded figure eight.

3.2.2 Mid-line anchor knots

On an anchor ring, a double bowline on a bight
(fig. 57) or a double figure eight on a bight (fig. 56)
are best. The first uses less rope and is easier to
adjust.



Fig. 53 — Double
bowline on a bight
installed on a ring

A girth hitch alone
(lark’s foot; fig.60) should
never be used, and back-
ing it up with a figure
eight is just a flimsy sub-
stitute for good rigging.

Fig, 60 — Girth hitch
or lark's foot

A double bowline, not to be confused with the
double bowline on a bight, is perfect for rigging
around a flowstone column or a tree - but it's only
in the jungle that we encounter the need to rig to
trees at mid-rope! If this knot is finished off with a
Yosemite tie-off, we have a third loop that is
aligned with the rope strands but opposite the two
anchor loops. When using a Star Fix it is convenient
to clip into this extra loop when passing the rebe-

lay.

Double bowline

Fig. 61
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3.3 Bends

3.3.1 Joining two ends

To join the ends of two ropes or make a closed loop,
the most effective knot is the double fisherman’s
(or grapevine) knot. Easy to make and untie, it
doesn't slip and it reduces rope strength less than
any other knot. Only in the case of a pull-down
rappel would you replace it with an overhand knot,
which hangs up less on the rack when you are pull-
ing the rope down.

Fig. 62 — Single Fisherman’s knot

Fig 63 — Double Fisherman's knot

When you need to join two ropes in mid-pitch,
a triple figure eight is best (fig. 65). Make a normal
figure eight loop at the end of the top rope, and
then make another figure eight by rethreading the
upper end of the lower rope through this doubled
knot.

Fig. 4 — Overhand knot installed
an a pull-down rope

Fig. 65 - Triple
figure eight
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Fig. 66 - Rethreaded overhand,
or tape knot,

When joining webbing, the only really good
knot is the simple rethreaded overhand, or tape
knot (water knot, ring bend). Make a simple over-
hand knot at one end, then rethread the other end
back through this knot, and set it by pulling all the
elements taut.

3.3.2 Joining an end at mid-rope

This requires a sheet bend finished off with a sim-
ple stopper knot (fig. 67). When dressed, it resem-
bles a bowline, and in fact is tied in much the same
way, by drawing back on a loop. Likewise, it is fin-
ished with a barrel knot, or a Yosemite tie-off,

Fig. 68 - Directional eight (in-line fiqure eight).

Fig. 67 — Sheet bend

Fig. 6% — Romano knot

3.4 Placing a Loop at Mid-rope
If you need to make a loop for use as a pulling point
or for clipping in a cowstail, the directional figure
eight (fig. 68) and the Romano knot (fig. 69) are
useful (the latter is like the directional eight, but is
a bit more complicated and begins with a half-
hitch).
If you need to isolate a damaged section of rope,
the best knot to use is the Alpine butterfly (fig. 53).
Note that none of these knots should be used
to place a loop at a rebelay.

3.5 Belay and Self-belay Knots

3.5.1 Belaying on ascent or descent

To belay a climbing partner from above in such a
way that he may go back down, use a Mlnter hitch
(Italian hitch). When you take up the slack left by



Fig. 70 ~ Italian or Munter hitch

your partner’s progress, the hitch turns around the
carabiner (phase IV, fig. 70). The left hand holds
the two sections of rope against each other, and
the right hand takes up the slack. If the climber
falls, the hitch will return to its original configura-
tion (phase Ill, fig. 70), and the left hand will in-
crease pressure on the two ropes, temporarily stop-
ping them. If necessary, you may also temporarily
block the rope by placing a reversible mule knot
under your left hand (fig. 71). This additional knot
is easy to tie with one hand, the right in this case.
It is an overhand on a bight; the bight may be se-
cured with a carabiner if the mule knot must be
left in place for a while.

When supervising novices, the Munter hitch also
allows the instructor to safeguard a rappelling stu-
dent from above, and to completely immobilize
him if necessary using the mule knot.

3.5.2 Self-belay

For self-belay to a fixed point, when climbing for
example, use a clove hitch (fig. 72). This is the knot
that the lead climber makes as soon as he arrives
at the first relay.

3.6 Pull-down (Remote Release) Knots
When de-rigging a climb from below, you need to
pull down the rope after the last caver has rap-
pelled. If this person does a classic rappel on a dou-
ble rope, the rope used is twice the length of the
pitch, or two ropes are tied together with an over-
hand knot. Be sure both ends are of equal length!

If the last person down descends on a single
rope, he must be sure to distinguish between the
descent side and the maneuvering side that will
be used to pull down the rope.

There are several methods for pulling down the
rope.

Fig. 71 -
Italian hitch
backed up
with a mule
knot

Fig. 72 — Clove hitch

In the first, someone must belay from below,
with a simple loop attached to his harness maillon.
The other two methods allow the person de-rig-
ging to remain autonomous. He ties the rope
around a strong natural anchor (such as a sturdy
stalagmite) using a slipped bowline (fig. 302) or a
daisy-chain slip knot (trompe-la-mort; fig. 301).
These can be undone by simply pulling on the ma-
neuvering side once the last person is down. Of
course, you still need a rope that is double the
length of the pitch. If you plan to leave behind an
entire bolt assembly complete with hanger and
maillon, place an overhand knot just behind the
maillon, where it will stay blocked (fig. 64). Once
below, pull down the rope from the opposite side.
In the latter method, the maneuvering side may be
made with a smaller cord.

If you wish to leave a doubled cord in place for
future access, see “cord techniques” in the section
on rigging {page 215).
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3.7 Belay/Blocking Knots

There are several knots that allow you to take up
the slack on a loaded rope and then leave the rope
blocked for some time. The heart knot (noeud en
coeur; garda hitch in U.S.) is the easiest to tie. We
first conceived and introduced this knot in 1972
while preparing the first edition of this book. The
idea is quite simple: it consists of pinching the slack
rope between two carabiners, underneath the
loaded end to prevent slippage.

The carabiners should
be asymmetric (non-oval)
and they should sit side-
by-side in a third carabin-
er with their gate open-
ings to the bottom. Pass
the loaded end of the
rope through both, then
pass the rope again
through the first carabin-
er only. Push the rope
back (according to the ar-
row in fig. 73) so as to po-
sition it around the long
axes of both carabiners.

To unblock this knot,
pass the slack end back
through the first carabin-
er (a). This is easier to do
if the long arms of the car-
abiners have a triangular cross-section (like the Spir-
it) since there is more space between the two cara-
biners through which to pass the rope (B. Ballarin,
pg. 77). Place a Munter (Italian) hitch backed up with
a mule knot in the slack end (b), on a carabiner at-
tached to the seat harness maillon. Hold it with all

Fig, 73 - Garda hitch/
heart knot

Fig. 74 - Releasing a garda hitch.

of your bedy weight, giving the
necessary slack to the loaded side,
and the heart knot will release it-
self {c). Undo the mule knot by
pulling on the free end, then use
a classic belay on the Italian hitch
for the rest of the descent.

A similar mechanism can be
achieved with an auto-lock de-
scender.

3.8 Friction Knots

Friction (self-blocking) knots are
used for climbing rope when we
have lost or forgotten an ascend-
er. The simplest is the French
prussik, which can be tied direct-
ly with your footloop. Pass the
upper end of the footloop into a
carabiner, aligning the long arm
with the rope before wrapping
the footloop cord around the
carabiner several times. The car-
abiner then serves as a handle
and for balance. The long arm of
the carabiner is held in the hand
along with the rope and hitch.
Since some of the length of the
footloop is used to make this as-
sembly, the footloop will end up
short and will need to be readjusted. Adjustable
loops prove convenient in this case.

Friction knots that do not use
a carabiner rarely work well on a
single rope. They tend to lock up
under a load and are uncomfort-
able to hold and maneuver. All
require some kind of additional
cord with a diameter than is 1 to
2 mm smaller than that of the
rope being used.

Let's alse mention the Blake
knot (or Blake's hitch), well-
known among arborists, which
has the advantage of working
with the same diameter rope as
the one it is wrapped around
(and thus may be made from the
latter if necessary), as well as
with webbing. Also worth men-
tioning are the classic prussik

Fig. 75 a - French
Prussik on a
carabiner.

Fig, 75 B -
Blake knot.
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and the machard : both are safe, but

less effective since they are more dif-

ficult to untie.

More alternative climbing hitch-
es and methods can be found in the
section "Emergencies and Rescues.”
Some of these include:

« 3 braid (plaited) hitch, which can
slide in both directions. Push it
along with one hand, moving the
bottom end toward the top to
raise it and the top end down-
ward to release it, It should not
be used to climb down a taut
rope: the only safe (albeit slow)
way to do this is to down-climb  Braid knat.
on your ascenders;

« the maillon system, which is safe and effective,
but which uses no knots and so has no place in
the current discussion (see fig. 343, pg. 270).

3.9 Shock Absorbing Knots

A shock absorbing knot is an additional knot placed
on the rope just below the anchor loop that can
partially come undone when shock loaded. By do-
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ing so, it absorbs some of the energy generated in

a fall and provides added safety. It is useful in three

situations in particular:

= when rigging with smaller diameter ropes (be-
low 8 mm) during first explorations or in some
rescue situations. Such a knot will not prevent
static failure if the cord is simply too thin, but it
candelay dynamic failure in the event of a shock
load.

» in the case of weak or suspect anchors, for ex-
ample when placing a bolt in soft or fractured
rock. In the event of an overload, this knot can
delay the anchor's coming away due to wear in
the hole or fracturing of the rock. In the latter
case, it is not a matter of protecting the rope,
but of limiting the shock load being transmit-
ted to the rock and anchor.

« when two rebelays are less than three meters
apart. An energy-absorbing knot placed under
the upper anchor will reduce the eventual shock
load transmitted to it if the lower anchor breaks.

As you may have guessed, good energy-absorb-
ing knots make very bad anchor knots and vice ver-
sa. The best energy absorber is the false butterfly
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(fig. 54), followed by the overhand knot (fig. 48).
At a rebelay, we place these just above the anchor
in the upper rebelay loop that helps facilitate a
changeover,

4.1 Various types

These ropes are made to intercept more significant
falls, so they are much more elastic than semi-static
ropes.

We can choose “single” ropes with diameters
ranging from 9.4 to 11 mm, or "double” ropes with
diameters between 8.1 and 9 mm. Double ropes
are used for rappelling in mountain climbing.
When climbing, the rope is also doubled and the
climber is belayed from both half-ropes, each of
which is anchored independently.

“Twin” ropes are finer than double ropes, but
they are always used doubled (the two strands pass
through each anchor point rather than alternative-
ly in one or the other, as is the case with double
ropes). Twin ropes are also more flexible.

if we leave aside the very specific case of cow-
stails, dynamic ropes are very rarely used in caving
practice, except to assure a caver doing a lead
climb. For this use, a single or double rope may be
used (see chapter on climbing in caves). Its length
will depend on the height the climber intends to
reach in a single climbing session, which in turn
depends on the gear being used to climb.

The sheath on dynamic ropes is manufactured
on a rotating loom with spindles on which the fu-
ture sheath threads are spooled. Continuous back
and forth movement of the spindles against each

other create the cross-stitching of the sheath
threads over the already prepared core that runs
through the main chamber cf the loom where the
sheath is woven at high speed.

Looms may have 32, 40, or 48 spindles. The more
spindles, the more cross-stitching we find in the
sheath. The sheath is thus finer, tighter, and more
abrasion resistant. It lets fewer foreign elements
penetrate into the core, and the rope is above all
more fluid and slips more easily into carabiners, For
lead climbing in caves, we thus prefer the 48-carri-
er sheath dynamic rope (alas, more expensive since
it takes longer to manufacture). Stretch for these
ropes is about 7 %, under a weight of 80 kg.

The standard only requires that the year of man-
ufacture be clearly marked on the rope; French
manufacturers use a color thread in the core, as
was the practice for semi-static ropes until 1997.

They also use the same color coding, which ends
in gray for 1998, pink for 1999, black for 2000. So
that this book can remain current for at least a few
more years, the colors to come are: brown, red,
orange, yellow, green, blue, purple, gray, and again
pink in...2009!

Of course, a clear labeling under a retractable
sheath is more useful than peeling off the sheath
to get at the core...

firl standard (EN 892):

Three types of dynamic ropes are defined ac-
cording to their ability to arrest a falling climber,
by using:

« asingle strand: single ropes;
= two strands: double ropes;
* parallel pairs: twin ropes.

These ropes must meet the following require-

ments:
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& Maintenance:

» Since the standard now requires static ropes to
have a white background with colored indica-
tor threads, it is much easier to distinguish them
from dynamic ropes. Lengths are labeled in the
same way for both types or rope.

+ To have a better feel for the movements of the
lead climber, the rope (not too elastic) should
stay soft so that it runs more easily through the
belay points. This is why the small amount of
dynamic ropes kept by clubs should be parti-
cularly well maintained, and always free of mud
and dirt. Washing them in a washing machine
is not a bad idea. As with static ropes, they
should not be used as primary lifelines beyond
about five years: their use may be less frequent,
but it is even more demanding than that of stat-
ic ropes, and conditions underground are more
difficult than in normal outdoor climbing
practice.

5.1 Cords

These are quite useful for a variety of applications,

which will correspond to preferred diameters:

2-3 mm: connector cords for hammers, bolt wrench-
es and small items, and for cord pull-downs.

4 mm: cords for moving inflatable boats back and
forth, preferably made of polypropylene, which
floats.

5.5-6 mm: deviations, etriers, and footloops (Spec-
tra or Kevlar), pack tethers (also polypropylene
to make it easier to fish out a pack that has fall-
en into a pool);

7 mm: climbing footloops (in pre-stretched mate-
rial), etriers;

8 mm: auxiliary cords for use as hand-lines on small-
er climbs.

For all of these uses, choose cords made with a
core and sheath, rather than twisted marine-style
cords.

Standard (EN 564):

Cords used for climbing meet the requirements
of the following specifications guaranteeing mini-
mum strength according to diameter:
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NE)anaIdiameter(mm): 4 5 6 7 8
Min. breaking load (kN}: 3.2 50 7.2 9.8 128

5.2 Webbing

Webbing slings are used as safety belays when
climbing and to fix rigging on natural anchors. They
are more effective for this use than cords because
they have more contact surface area, they hold
better and slip less. Slings should be at least 75 cm
when laid out flat (i.e., made with 1.5 meters of
webbing not incuding the knot); depending on
their use, slings may be as long as 1.5 meters.

We differentiate flat webbing from tubular
webbing. The latter is more convenient to use; be-
cause it is more flexible and easily knotted and tied.
Knots made in webbing often slip, so use tape
knots when tying them together or making slings
(see fig. 66). Leave at least 10 cm at the free end.
When making an attachment loop use an overhand
knot, which in fact functions like a tape knot.

Nylon webbing slings are seeing more competi-
tion from slings made from Spectra cord. For the
same strength, the latter are lighter and more com-
pact and have a core that retains 70% of its nomi-
nal breaking strength even when the sheath is cut
or damaged in use.

(il Standards for Webbing (EN 565):

The minimum breaking strength for webbing is
5 kN, Because of the wide variety of fibers used in
manufacturing webbing, it is difficult to know their
strength based solely on their width or thickness.
For this reason, all webbing conforming to the stan-
dards carries a set of threads that contrast with the
background color of the webbing. In Europe, these
are coded for breaking strength. Each strand ac-
counts for 5 kN: webbing with a breaking strength
of 15 kN will have three parallel strands. This is the
case for nylon or polyester webbing with a width
of about 25 mm.

Webbing that has no coding must never be used
in load bearing situations. Eliminate them entirely
from your personal and group gear, and buy only
webbing coded with three (15 kN) or more strands.

(il Standard for Sewn Slings (EN 566):

The minimum breaking strength is at least
22 kN. Tests are made on five separate samples, all
of which must conform to this specification.
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5.3 Rope Protectors

Rope protectors are only a shortsighted solution to
the problem of rope rub. The fine art of proper
SRT rigging makes it rare that one should need
these. In mid-pitch, they may be used by the first
down to temporarily protect the rope at a rub
point, but they make for awkward passage and
often do not stay in place as well as they should.
Placing a deviation is by far preferable. During re-
connaissance trips, to avoid complex rigging at a
pitch where continuation is doubtful, simply fix an
empty cave pack between the rope and rock,

How to make and use cable |ladders filled entire
pages in the caving manuals of yesterday. But we
can no longer justify this since we can now buy
them ready-made, and they are rarely used out-
side of training situations, under the supervision
of experienced instructors. These trainers know
that a safety rope is indispensable: beyond a load
of 3 kN, a rung can slide on the wire cables hold-
ingit!

In caving clubs, these are rarely used, except for
short climbs where they may facilitate passage:
climbs in otherwise horizontal cave, difficult verti-
cal squeezes that require us to become as flat as
possible, and especially muddy, slippery passages
where there are no good holds. There is no real
need to buy anything beyond 5-meter ladders;
these can be joined together on that rare occasion
when you need something longer.

*® Key points:

There is only one: ladders made of galvanized
steel break without warning. Given the need for
only short ladders, buy stainless steel instead. This
costs just a bit more, but it's worth it, considering
an extra safety rope is not always available. An
added advantage is that this material can stay un-
derground a long time without risk of damage.

i3 Tips:

= Proper technique for climbing a cable ladder is
to step into the ladder rungs with the heel rath-
er than the toes of the feet. Hold the ladder at
face level, with the hands wrapped around the
rungs on the opposite side of the ladder from

Fig. 76 — Coiling
a cable ladder

the body. It is the climber's choice whether to
climb with the same side hand and foot moving
up, or by raising the opposite hand and foot at
the same time. Look straight forward and not
up, and breath in rhythm with your movements.

= \We no longer use steel wires to connect ladders
to natural anchors. Replace these with loops of
webbing or rope, Rig with an oval carabiner con-
necting the two c-links at the end of the top
rung.

» Coiling the ladder places less stress on the wire
cables. Hald the end of the ladder with the left
hand, the rest of it to be fed with the right hand.
Coil the ladder about itself so that one complete
circle uses two rungs. Keep the ends with their
c-links (ltalian rings) on the outside of the ca-
bles. When placing each rung, make sure to
place the cables on the inside of the cables that
have already been coiled. To do this correctly,
you must twist the rung at an angle with the
right hand and then place it over the already
coiled bit held in the left. Place each rung in
front of the last and inside the previous side ca-
ble. Finish by connecting the two c-links to each
other at the end, inside the coiled ladder. Do
the same with the c-links from the start of the
ladder, linking them together outside the coiled
ladder.
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& Maintenance:

Stainless steel only requires a rinse with high-
pressure jet. If the rungs are caked with mud, use a
brush. Stainless steel cable ladders can easily last
ten years or more.

Anything metallic used for rigging in a cave falls
under this category.

7.1 Anchors: an Inventory

Since the 1960's, the remarkable qualities of 8-mm
self-driving anchors (spits) have ensured a thirty-
year reign in rigging practice (at least in France).
Their effectiveness allowed us the comfort and se-
curity we needed before setting out on an explo-
ration or visiting one of the great classics, since we
were sure to find the cave rigged with our good
old 8-mm anchors!

Well, times have changed somewhat, since mo-
tors and convenience have tended to take the place
of biceps and hand drills. The equation is not as
logical is it seems, considering the weight of bat-
tery powered drills and the risks of them breaking
down...

Another problem has arisen with the wide vari-
ety of sizes, and therefore of wrenches, hangers
and nuts needed to use with them, not to mention
the incompatibility of some anchors with smaller
carabiners and maillons. Will a caving tool kit soon
become a "necessary evil” of caving? Of course,
today's explorers have little to worry over, but what
about their successors?

Aside from the occasional rigging difficulty, the
anarchy that has begun to develop seems to favor
redundancy: a caver who runs into an anchor that
is incompatible with his own equipment will likely
set his own anchors according to standard practice.
Where, then, is the respect for the cave that we
discussed in the foreword and first sections of this
book, the minimum impact ethic that strictly limits
our rigging to what is necessary for safety? If you
wish to brush up on tour caving ethics, we suggest
you refer to these sections.

There is another perverse effect related to our
bolts: 8-mm self-driving anchors are made exclu-
sively for caving. If the quantity sold lowers past
the point of profitability, we risk losing our pre-

U, Widmer
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cious tool to the need for better
profit margins...and what a loss!

So, it is past the time to act.
From the beginning of this section,
where we will review the range of
anchors available today, we insist
that bolting with 8-mm self-driv-
ing anchors should remain the rule
for vertical rigging, and it is up to
the individual's common sense and
self-discipline to conform to these
practices.

Other anchor devices should be
reserved for very specific situa-
tions, where they will serve their
purpose fully, without compromis-
ing the task of subsequent visitors
or users,

Fig. 77 - Stainless
steel caving hammer
{lefty and compact,
light driver (right).

Exceptional use should be reserved for:

* bolt climbing: 6-mm bolts and 6-mm DBZ an-
chors (for progression; fig. 315) and 8-mm bolts
for belays/runners

= permanently fixed rigging, which should remain
an exceptional practice: 8-mm bolts with plate
hangers, 8-mm Rainox expansion sleeves, and
resin anchors. All hardware should be made of
stainless steel,

7.2 Hammers and Drills

Hammers

The main role of the hammer is to set self-driv-
ing anchor sleeves. Caving hammers weigh about
600 grams and have a short handle made of either
wood or steel with a rubber sheath. Hammers with
wooden handles should not be left for long under-
ground, as the wood absorbs moisture and rots
easily. The head is made of steel; one end is point-
ed and used to clean the rock before setting the
anchor. Some have a nose that acts as a lever for
extracting pitans. The other end is square and used
for hammering, as well as placing pitons. The head
has an eyehole for attachment to a carabiner; this
can be fixed to several carabiners when extracting
pitons. The handle also has a hole for an attach-
ment cord, and most steel models have a socket
wrench at the end to fit 8-mm bolts. A mobile
wristloop attached to the top of the handle pro-
vides more comfortable handling without the risk
of dropping the hammer.

Drivers

The most common model has a
metal body ending in an 8-mm
threaded bolt, and fitted with a
pivoting handle. This facilitates
the rotation of the driver when
drilling, even in the presence of
clay. The driver is light (250 g),
compact, and a favorite among
cavers, Some users will prefer rub-
ber-handled models with a wide
rubber safeguard at the top end,
to protect against those painfully
misdirected hammer blows... If
you are not confident in your agil-
ity when using the light model,
wear your rubber glove on the
hand holding the driver; this will
reduce the risk of a nasty bruise. A wristloop also
protects against loss of the driver. Some models
come with a set of accessory bits for various uses:
the installation of 10-mm anchors, drilling holes of
various diameters for setting threaded bolts or
compression pitons.

7.3 Self-driving Anchors

Cavers in Europe generally use only 8-mm self-driv-
ing (expansion bolt) anchors. Manufactured by
Spit, a company located near Valence, these were
first introduced in 1961 by the Valentinois Caving
Group. Though its lost its capital ”S,” the term spit
soon became synonymous with self-drilling an-
chors. For many years however, Spit advised against
their use in caving, even declaring them hazardous
on the box. It eventually gave up this stance in the
wake of increased sales!

The self-drilling anchor
consists of a hollow cylin-
drical sleeve made of
hardened steel. One end
has an interior thread that
screws onto the bolt driv-
er, and later takes the screw and hanger plate. The
opposite end of the sleeve has a cutting surface
with six teeth that act as a drill bit; this cuts the
hole in the rock into which the sleeve and its cone
will be placed (fig. 78). Here lies the advantage of
the self-driving anchor, since a new drill bit is inte-
gral to each sleeve. When the hole is drilled, a cone-
shaped metal wedge ("cone”) is placed in the end
of the anchor sleeve and the assembly is placed in

Fig. 78 - Self-driving anchor



the hole. When hammered in,
the cone expands the sleeve in
four sections inside the rock.
Compression against the wall
ensures an excellent hold in
sound rock. A solid placement
depends largely on the quality
of the rock, and on that of the
installation. if the rock crumbles
under compression, (corroded
limestone, for example), the
hold will be uncertain: the
sleeve will move about in the
hole and eventually come out.
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Hilti once sold a similar an-  fig 79 — Steps for manually setting an anchor sleave.

chor but with use, its strength

and durability proved much less satisfactory. These
should not be used; more importantly, their cones
should not be combined with other types of ex-
pansion sleeve, as they are different in shape and
can lead to failure.

Placing an anchor by hand

Manually placing an anchor takes about ten
minutes. Begin by choosing the correct placement:
at the beginning of a traverse line, the backed up
anchor point should provide easy and safe access
to the drop; at the pitch head, the positioning of
the rope must provide a perfectly free hang. Avoid
anchoring to outcrops or irregular surfaces; look
for rock that is part of a solid wall. Having chosen
the location, use your hammer to check that the
rock is sound and solid: hammering will render a
high, clear tone. Clean the rock around the chosen
area using the hammer point, removing a poten-
tially loose top layer and any flakes or knobs that
may come loose later. Make sure the surface is clean
and flat before placing the sleeve.

Once you have verified that the rock is sound
and solid, the strength and reliability of the anchor
rests solely on its correct placement. Proper tech-
nique and attention to detail is absolutely essen-
tial. Inattention and improvisation have no place
here.

Screw the sleeve completely onto the driver.
Begin tapping gently so that the edges of the hole
are not chipped; this provides maximum support
for the anchor. The driver should remain perpen-
dicular to the drilling surface: if the wall is vertical,
the driver must remain horizontal at all times. Af-
ter every two taps, turn the driver and sleeve clock-

wise about a quarter turn to multiply the points of
impact, taking care to maintain the same perpen-
dicular angle to the rock surface. Dust particles
come away from the rock in the drill hole and ac-
cumulate there. Remove the sleeve frequently and
blow out the rock dust from the hole. While the
sleeve and driver are out of the hole, tap the driver
two or three times to release the dust collected in
the sleeve. Place the sleeve back in the hole and
continue drilling. When the sleeve is drilled in
about 5 mm, begin hammering harder, turning the
driver mere vigorously, but carefully holding the
driver perpendicular to the rock surface: any alter-
ation to the drilling axis will create an irregular hole
that will provide a poor hold.

The sleeve will soon become flush with the hole;
continue drilling about 2 mm into the hole. Blow
out the hole one last time, then place the cone into
the end of the sleeve and tap it lightly into place.
Place the assembly into the hole and continue ham-
mering so that the cone is pressed in between the
hole and the sleeve, forcing the sleeve to expand
over it. When the anchor is hammered in complete-
ly, it should be about flush with the rock. Unscrew
the driver and screw the hanger plate into the an-
chor. If an irregularity in the rock prevents the plate
from lying perfectly flat against the rock, this
means the rock was not properly dressed. Do not
try to smooth this down with the hammer! The
rock is already weakened around the anchor and
this could cause it to fracture. The best solution is
to place another sleeve on the driver and use it like
a miniature chisel: tap the driver lightly with the
hammer at a 45-degree angle, removing the extra
bit of rock. This meticulous operation takes some
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time, and it is better avoided with more careful
dressing before the anchor placement.

An anchor placed correctly in sound rock has a
static load bearing capacity of up to 18 kN in trac-
tion (loaded along the anchor axis, as a ring from a
ceiling), and 16 kN in shear (loaded perpendicular
to the bolt axis, as a plate hanger in a wall). These
values can be reduced by a third if the placement is
deficient, and fall significantly when the anchor is
placed in bad rock.

) Key points:

* Be sure to drill the anchor hole at a constant
right angle to the rock face.

* Always turn the driver clockwise, otherwise the
sleeve may partly unscrew, leaving the sleeve to
sit incorrectly against the blocking nut on the
driver. Blows from the hammer will irreversibly
damage the thread on the driver stud.

* Drill to the correct depth. If the drill hole is too
shallow, the anchor will not sit flush with the
rock, placing much more stress on the anchor
during use; this could result in it splitting along
its length. A hole that is too deep will prevent
the screw on the hanger plate from tightening
down properly.

= Use the original manufacturer's cones that come
with the anchor to ensure proper expansion.

* Asleeve that drills too easily or quickly into the
rock indicates bad rock.

e Anchors placed in flowstone are less sound;
their strength will depend entirely on the qual-
ity of the calcite. See previous point.

i Tips:

= Try notto turn the driver a 1/6 or 1/3 turn, as the
teeth will fall back into the holes cut by the pre-
vious tap. This leaves the spaces between un-
drilled and slows the overall operation.

* Blow the rock dust from the hole

s Be sure to blow out the rock dust in the anchor
sleeve frequently, otherwise the dust will be-
come compacted inside the sleeve, requiring a
wire tip cleaner for removal.

" What NOT to do:

Do not over-tighten the hanger plate screw, as
this could cause the screw head (and hanger) to
snap off later when loaded.

Rendering an anchor unusable

If for any reason an anchor’s strength or hold is
in doubt, it must be made unusable for safety’s
sake. This is also the case with an anchor set in the
wrong location: this will prevent less clear-sighted
users from mistaking the right anchor for the
wrong one.

There are several way of doing this, such as forc-
ing a cone into the anchor hole, hammering down
and destroying the outer threads, or filling the hole
with clay. A more radical method would be to re-
move the anchor entirely. Unfortunately, we still
lack the proper hardware to do this. This remains a
challenge for the future.

Setting a self-driving anchor with
a hammer drill

Bolting with a hammer drill also requires care
and caution. The rock should be tested for sound-
ness as when bolting manually (so you still need a
hammer), and it must likewise be set at precisely
the right depth. The drilling should be finished off
with a manual driver so that the bottom of the hole
is flat and the cone sits snugly against this, insuring
proper expansion of the sleeve.

Stated differently: you must add the weight of
the hammer drill to that of the hammer and driv-
er! On the other hand, the Rainox Raumer expan-

frequently, with eyes closed.

= Since you are trying to chip away
at the rock rather than destroy
it, tap with neat, sharp blows
that are not too forceful.

= Don't place an anchor on a sur-
face with running water. The
pulverized rock forms a paste
that cannot be removed from
the drill hole and plugs the
sleeve.

Fig. 80 — Setting an anchor with a power drill




sion bolt presents an interesting alternative. It is
stainless steel and placed with a power drill, but
does not require the final manual touch-up. The
cone, which is captured in the sleeve, is manufac-
tured to adapt to the configuration of the rock at
the bottom of the drill hole.

7.4 Hammer Drills

Battery-powered models

When we have a number of anchors to set or
holes of greater diameter or length to drill, using a
manual driver can be very slow. This is especially
true with aid climbs, in rescue operations, when
setting eyebolts and when blasting. In these cases,
a power drill is a precious luxury, but its use is justi-
fied. However, this still puts us a long way from
using it in normal caving circumstances. Regardless
of the influence of passing fads, keep in mind that
anormal hammer and driver weigh only 800 grams,
and you rarely lack the energy needed to use these.
They are relatively inexpensive, very sturdy, com-
pact and light, they do not break down, and water
has no effect on their functioning. These are im-
portant advantages. On the other hand, the light-
est available power drill weighs 2500 grams (re-

Phota Jirg Obendorf
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member to add 600 for the hammer you will need
anyway to tap in the bolt). It is bulky, loses its charge
rather rapidly, and requires special care in trans-
port, including added protection and complete
waterproofing. Finally, the first and most signifi-
cant hole it makes will be the one in your pocket...

Power drills are available in 12, 24, and 36 volts.
Avoid models that are not compatible with stan-
dard SDS+ drill bits, which largely dominate the
market. Twenty-four and especially 36-volt drills are
more powerful and the only ones we recommend
for enlarging passages, where the holes to be
drilled are much larger than anchor holes. On the
best models, one fully charged battery of 2.5 am-
pere-hours (Ah) will give a total drilling capacity of
about 180 ¢cm for a 10-mm diameter hole. Twelve-
volt 1.7 Ah models will generally only drill about
30 cm, or 40 cm for an 8-mm diameter hole. Such a
marked difference is the result of several factors,
the first being that effective drilling action natu-
rally increases in proportion to the mass of the ma-
chine doing the drilling. If the machine’s manufac-
turer wants to target users that can transport heavy
loads, it won't hesitate to outfit the device with a
suitably powerful battery, which sets it further
apart from the smaller drills. But in bolt climbs, the
notion of lightness prevails, as the idea is to drill as
high as possible. Wearing the battery on a belt is
advisable since the position is rather athletic, even
with a 12-volt drill. Of course, the market is con-
stantly evolving, and several models currently avail-
able seem well adapted to use in caving, such as:
Hilti TE-6A 36-volt model, Bosch, Hilti TESA and Spit
24-volt models, and finally the Hitachi and Metabo
12-volt models. The higher price of Hilti drill is jus-
tified by its pneumatic, rather than mechanical,
drilling action. Drilling is more efficient and also
wears less on the machine, thus extending its life.

Batteries

The same precautions apply here concerning
nickel-cadmium batteries, which we discussed in
the chapter on lighting (page 35). Many users com-
plain about the rapid loss of charge, but this is be-
cause they use the battery to the very end, unaware
that this also damages the battery. Only the most
expensive models come with an automatic shut-off
function that engages when the charge begins to
drop. If you find yourself cut off without warning
in the middle of an operation, at least you know
that your battery has not been damaged. Fitting a
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shut-off mechanism to models that don’t come
with one is up to you and depends on your elec-
tronic competencies. But this could be an option in
many clubs...

The cost of the original manufacturer’s batter-
ies is quite high, and then you still have to modify
these for use on a waist belt or in a pack (although
some top-of-the-line models have this option).
From there, you also have the option of lead/acid
gel batteries, which are less expensive and exist in
many models. The use of a gel electrolyte reduces
the risk of battery acid leaks.

Compared to nickel-cadmium, lead/acid has
some drawbacks. It is heavier, but this is only a rel-
ative disadvantage, since you can divide up the load
between several carriers. And since this battery is
also worn on a waist belt, the added weight will
not tire your arms during drilling. Lead/acid batter-
ies don't have a flat discharge curve like nickel-cad-
mium batteries: the charge and power decrease
steadily. To compensate, the final loss of charge is
less abrupt, reducing the risk of inverting the bat-
tery's polarity. However, this does not cancel the
possibility altogether. Again, there is nothing more
detrimental to the life of the battery than draining
it to the last drop; this is not a snifter of cognac.
Lead batteries have a charge of 12 volts, but two
may be connected in series if the machine demands
it. Batteries with a 6.5 to 7 Ah capacity for under
2.5 kg are widely available; these are capable of
drilling an 8-mm hole for about one meter (i.e., 20
bolts).

Finally, lead batteries must be charged slowly,
with an intensity in amperes that remains below
one-tenth of their capacity in ampere-hours.

Twelve-volt nickel-cadmium batteries can drill a
dozen 8-mm bolt holes. The capacity of the same
24-volt batteries is double that, but so is the weight
since the basic 1.5-volt elements are the same.

The better chargers can charge a battery in just
one hour, and also allow rapid charge/discharge
cycles to prevent the memory effect (see page 35).

i Tips:

« Store your batteries in watertight containers fit-
ted with a socket with triple contacts (to avoid
plugging it in the wrong way) and a spring-load-
ed cover (to prevent mud from entering).
Choose a model with a plug that is not compat-
ible with 220-volt sockets, to avoid any possibil-
ity of ruining the battery.

» If the pitch being climbed is wet, use a water-
proof protective sleeve with an opening at the
bottom for the hand and fastened near the top
of the drill with a rubber inner tube band close
to the chuck.

» Modifying the drill to transfer the battery to a
waist belt will nullify the guarantee. To avoid
doing this, you have two options:

— Make a dummy battery from a block of hard
wood, fitted with contacts that are analogous
to the original battery; solder the two con-
ductors of a suitably sized cable to these con-
tacts, leaving enough slack on the cable
length to prevent any direct pull on the sol-
dered points. Fit the opposite end of the ca-
ble with sturdy male connector that is easy to
handle, for example those with a molded
ring.

— Find a dead battery, hollow it out, and fit it as
described above.

Drill bits

To get the best possible performance from your
power drill, choose good, effective bits. The price
of bits can vary widely according to their
quality. The price range for drill bits is
directly related to their quality. A qual-
ity drill bit could be three times more
than the cost of its counterpartin a nor-
mal hardware store. The type of steel,
shape of the tip, length and number of
flutes, angle of the twisted grooves,
quality of the carbide plates or the
grinding pattern for the cutting edge
are impartant factors that will deter-
mine the total depth that can be drilled
on one battery charge. The difference
is important: you can drill up to 60%
deeper with a top quality drill bit. Hilti
twist drill bits with double helicoidal
flutes and four cutting edges are the
most expensive, but their performance
surpasses that of any other drill bit.
When you think of the cost of the twist
drill, think also of the physical effort you
will need just to reach the work area in
the cave. Don't hesitate a second to
choose the top of the line, especially for

Fig. &1 small and average diameters, A backup
pouble:  rill bitis al datory (i £l
fluted wiy drill bitis also mandatory (in case of loss,
drill bit a broken flute or carbide plate).



Fuel-powered models

Fuel-powered hammer drills are heavy and bulky,
and should only be used when enlarging passage
and placing permanent anchors. You can easily see
the advantage of having a drilling capacity that is
only limited to the amount of fuel you can carry
below ground. Another advantage is that they can
take either flat or pointed bits, which aids in clear-
ing the surface after setting a charge. But beware !
There's always a price to pay, and it can be high:
these machines give off toxic gases carrying nitro-
gen oxide compounds, which are particularly harm-
ful to breathe. While well-ventilated squeezes may
exist here and there, most are confined.

% Key points:

= Let's drive the nail in, so to speak: without ex-
ception, the use of fuel-powered drills is strictly
limited to well-ventilated areas, and preferably
where air is flowing into the cave. Otherwise,
imagine the consequences: sudden loss of con-
sciousness leading to an emergency rescue, fol-
lowed by on-site intensive care and artificial re-
suscitation, and a prolonged hospital stay of a
month or more —if you survive - involving painful
headaches. Perhaps then you won't hesitate to
go back to your trusty old hammer and chisel...

* Beware of potential explosions: when filling the
fuel reservoir, all carbide lamps should obviously
be extinguished!

i3 Tips:

= Sawing off half the length of the carburetor in-
take can help protect this element from acciden-
tal bumps and blows, and make the machine
more compact.

* \Wash the starter cord with every use to remove
the clay that gets imbedded inside, and replace
this cord regularly. Having it break just when you
want to drill can be a real pain!

« Gas motors can be very capricious. Bring along a
small kit containing a spark plug wrench and the
various tools you will need for on-site repairs.

* The fumes can be evacuated from the immedi-
ate area by replacing the exhaust pipe with a
20-cm copper tube attached to a few meters of
hose. Evacuate to a well-ventilated area or to-
ward a blowtorch that can reheat the gases. This
modification will affect the performance of the
motor slightly, but it will improve safety. Ex-
treme care and caution is still imperative!
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Handheld models

Hand drills are also available. Some models are
self-contained, and others can be screwed onto a
driver. Made of steel that is hardened dry, this tool
is very brittle and should be handled with care and
precision. Hammer neatly with sharp, regular blows
straight on the axis, turning the driver each time.
Don't hammer too hard; again, you only want to
chip away at the rock, not obliterate it. Some mod-
els can be fitted directly with SDS + drill bits. These
come from the United States, where the use of
power drills is prohibited in the national parks.
These bits should be carefully sharpened with a
grinder before each use (a somewhat tedious op-
eration). After purchase, grind down the carbide
plate to about a 90-degree angle for better pene-
tration,

Hand drills require practice to be used effec-
tively; this is difficult to obtain if we are not bolt-
ing in caves on a regular basis.

7.5 Expansion Bolts

As soon as they hit the caving scene, expansion
bolts were a remarkable success and their use un-
derground coincides with the increased use of bat-
tery-powered drills. They cost less than self-driving
anchors (hereafter, spits) and require little electri-
cal energy to place since they have a smaller diam-
eter. But the big craze over expansion bolts poses a
problem with compatibility, as we have already
mentioned.

Expansion bolts operate on a different principle
than spits, since the spit shaft is female and the
bolt is male. The bolt stem is solid rather than hol-
low, and thus threaded on the outside rather than
the inside. Once in place, the hanger plate is placed
directly on the stem sticking out of the wall and
fastened with a nut. The hole is drilled to the di-
ameter that corresponds to the bolt, but in this case
the anchor does not rest at the back of the haole.
Instead, an expansion clip with two opposing knobs
helps block the bolt in the wall. This ring has a slit
in one side, allowing it to move along the shaft
between a stopper and the cone on the interior
end of the bolt. In wet caves, use only stainless steel

Fig. 82 - Classic ex-
pansion bolts, with a
single clip for hard
rock (top), and two
clips for softer rock
(bottom)
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bolts. In drier caves, at least the clip should be made
of stainless steel, since this alone guarantees the
anchor’s hold in the rock. Otherwise, it will quickly
oxidize and break apart, causing the bolt to come
out as soon as it's loaded. Unfortunately, many
bolts have already been placed with steel rather
than stainless clips, but we cannot tell the two
apart. Don’t trust a bolt that is already set without
carefully inspecting and testing its hold first.

Placing the expansion bolt begins with drilling
a hole that corresponds to its entire length. This
may seem too long to some, but it in fact allows
the bolt to be buried entirely in the rock if the balt
becomes dangerous (due to bad rock, corrosion, or
incorrect placement), or ineffective (when perma-
nent rigging is set later, for example).

Marking the correct drilling distance with paint
or a stopper ring will save you from drilling too
deep and wasting energy. The bolt is then placed
inthe hole, but since the expansion clip is a bit larg-
er than the hole diameter, some hammering is re-
quired on the threaded outer end to get the bolt
in the hole. Install the anchor plate, washer ring
and nut (these may be assembled beforehand),
and screw down the nut with a wrench. Doing this
partially pulls out the bolt, but since the knobs
hold it in place, the clip will expand over the end
cone, locking down the assembly. The anchor is
ready.

The same precautions are in order as when set-
ting a spit:

* clean and dress the rock surface before bolting;

* drill at a right angle to the rock surface;

¢ drill the hole straight to avoid making an irreg-
ular hole;

* blow out the dust in the hole — eyes closed -
when you finish drilling.

8-mm bolts are normally used in caving. In good
rock, 50-mm lengths suffice for a holding strength
of 10 kN. The minimum depth of the hole will thus
be 40 mm (but 50 mm is better; see above). Note
that the strength of a bolt is generally less than
that of a spit (18 kN). A 10-mm bolt has a strength
of up to 14 kN, depending on how it is set.

In softer rock, we use longer bolts for better
anchoring in the rock. These bolts also have two
expansion clips instead of one, which effectively
doubles their holding strength. But even with these
protections, the bolt is still not secure if placed in
bad rock, and we can detect this when screwing
the nut down on the bolt. More turns are required

to tighten the nut and if the nut continues to screw
down to the thread ends, then the placement is
defective. Remove the anchor plate assembly and
drive the bolt entirely into the rock to prevent acci-
dental use by later visitors.

When climbing underground, you can alternate
with two or three 6-mm, 35-mm long bolts for ev-
ery 8-mm, 50-mm long bolt. In 25 MPA density con-
crete, the latter gives a 3.25 kN working load. Un-
der the same conditions, 35-mm bolts alone have
1.4 kN pull out strength and 1.7 kN shear strength.
This is again the working load and not the break-
ing load, which is five times higher.

% Key points:

* Only use bolts having stainless steel expansion
clips.

* Always test bolts that are already in place: par-
tially unscrew the nut and tap the bolt lightly
with a hammer, then replace the nut and screw
it down. An oxidized steel clip will break during
this operation. Take out the faulty bolt and re-
place it with a new one (with a stainless clip!). If
the bolt won't come out of the rock, pound it in
completely and drill a new hole.

¢ Drill deep enough so that the nut doesn’t screw
to the end of the threads before the cone fin-
ishes expanding.

¢ In stream passages, wet pitches, and when in-
stalling permanent rigging, always use stainless
steel bolts.

= Since the expansion bolt tightens down against
the walls of the drill hole, be careful to drill a
hole that is consistent in diameter. To do this,
hold the drill at a constant and correct angle.

* Choose bolts machined with rolled rather than
cut threading; the former weakens the metal
fibers less.

* Don't tighten down the nut too much. The risk
of breakage is the same as that for the spit.

= Consider this performance test: after 30,000 cy-
cles using a load of 2 kN - which corresponds to
a typical climb on ascenders — a 10-mm stainless
steel bolt and hanger will break, simply from
fatigue. Its theoretical strength, however, is ten
times higher. 30,000 test cycles correspond to
only 200 climbs in a 100-meter pit, and in the
well-traveled classics, such a number is easy to
reach! By reducing the diameter to 8 mm, the
stem shrinks from 8 to 6.5 mm, reducing its sur-
face area and its strength by 34%.



(3 Tips:

s When climbing, save time and reduce the risk-
ing of losing parts by assembling them before-
hand. Install the washer, hanger plate, and nut
on the bolt, in that order. The nut can be locked
with a thread stopper or with some glue.

e You can place an extra washer between the
plate and nut to prevent possible unscrewing.

* Always carry along extra replacement nuts.

= Ifyou alternate between two bolt sizes (for fixed
and belay points) when climbing, be sure to se-
cure the corresponding drill bits so they don't
fall to the bottom of the pitch. An easy way to
do this is by inserting the cutting end of the bit
into a piece of soft plastic tubing attached to a
cord.

7.6 Wedge Bolts

Some anchors expand into the rock with direct
hammering. Some bolts have a hollow body whose
inside diameter becomes progressively smaller to-
wards the inside of the rock. An attached stem is
hammered in, forcing the body to expand. Choose
only stainless since these bolts are intended for
long-term installation (Wing Time, fig. 83).

The Star Fix can perhaps be placed in this cate-
gory, though it is difficult to classify. It is in fact
something between an eyebolt (resin anchor) and
an expansion bolt. Its stem is fixed with a cone at
the end, which works like that of a spit. The depth
of the hole is thus critical. A power drill is used for
drilling; a mark placed directly on the stem will
serve as a depth gauge when drilling the hole.

The quality and strength of these anchors varies
widely. Make sure to buy only anchors whose work-
ing load is much higher than your own weight! In
terms of breaking strength, it should have a safety
coefficient of at least five.

When placing compression bolts, follow the
same ethical guidelines as those set out for eye-
bolts.

Fig. 83 - Compression
bolts: Star Fix {left) and
Wing Time (right)
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7.7 Resin (Glue-in) Anchors

These have also seen their use increase along with
that of the power drill. Installing a resin anchor also
involves placing a metallic stem into a hole drilled
in the rock, but in this case the anchor is fixed and
sealed tight with cement/resin glue. Fixation occurs
without placing any mechanical stress on the rock
at the drill hole. These anchors can therefore be
placed a bit closer to an edge, on bosses, or in soft-
er rock (but don't go too far, use common sense).

Eyebolts

These are ideal for rigging in softer rock (pro-
vided the rock is sufficiently compact); here, they
provide unparalleled strength. They are also recom-
mended for use in especially wet areas (in waterfalls
or riverways) since water cannot penetrate into the
hole and corrode the stem, as well as long-term in-
stallations (such as traverses, for example). In the lat-
ter case especially, always choose stainless anchors.

LAl

Fig. 84 — Eyebaolts:
Collinox (1op) and
Superstar (bottom)

Eyebolts are either forged or welded. They are
comprised of a stem that is destined to be buried
in the rock, and a closed ring or eye (in rare cases, a
hanger plate), which will sit right against the wall
and serve as the anchor point. Forged anchors are
more reliable - and more expensive - since they
are made from a single piece of stainless steel. The
less expensive variety is made from a metal stem
that is bent into shape and then welded to itself.
Some anchors have two stems, calling for two holes
to be drilled in the rock. TIG-welded (under con-
trolled atmosphere) eyebolts are best. The simplest
resin anchors are made of cadmium or zinc plated
steel that is then bichromate-treated to improve
its durability. Since these anchors are generally for
long-term fixtures, choose stainless (unfortunately
twice as expensive |} whenever possible, evenin rel-
atively dry conditions.

The anchor alone has a strength of between 25
and 35 kN, but the cementing may limit this ac-
cording to varying conditions. In general, the
strength of a well-placed resin anchor should not
be less than that of the anchor itself.
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Since these anchors are meant for long term use,
they require care and attention during installation.
A badly placed anchor will permanently disfigure
the surrounding rock so before placing the anchor,
make sure you have chosen a solid location that
insures a perfect positioning of the rigging.

For discussions concerning responsibility and re-
spect for the cave environment, see chapters A and
K.1.

* Key points:

= Choose anchors with a rough stem surface (i.e.,
with grooves, threads, or scratches). This maxi-
mizes the surface area being cemented and im-
proves their hold.

* Make sure the eyehole is large enough to take
at least two normal carabiners.

¢ The eyehole on a resin anchor can work hori-
zontally or vertically (if it is welded, the joint is
placed on top in the latter case).

* In bad rock, install the bolt so that it takes only
ashear load (the direction of pull is perpendicu-
lar to the bolt axis).

i3 Tip:

You can place a permanent anchor using a stain-
less steel 10 x 200 mm screw, with the head retain-
ing a stainless anchor plate (use the bent type,
which holds the carabiner or maillon perpendicu-
lar to the wall).

Resin glues

All the resin glues we use have two compo-
nents. Hardening is the result of a chemical reac-
tion between these two liquid or pasty substances,
which are mixed together before use. We use ei-
ther cement glue such as Sika or small capsules can-
taining a resin adhesive, Sika is not made for use
underground, and requires about three days to
harden at 20° C (68° F), or ten days at 10° C (50° F).
During this time, the anchors must not be used (un-
less you intend to extract them!). Mixing the ce-
ment is a delicate operation: only mix the amount
to be used immediately, using a palette and small
container. These should be left behind —along with
a note or other evidence of your activities - to en-
sure that the cement hardens completely before
being used. Using cement glue only makes sense
when you are placing a series of anchors, and is
best performed with a glue gun fixed with a refill-
able reservoir.

We often use specialized resin glue capsules that
are activated by hammering action. These glues set
in just 20 minutes at 10 °C or higher, or 10 minutes
at 20 “C or higher. A second advantage is that they
come in individually prepared capsules, One glass
or plastic capsule has two separate compartments:
one side contains the reactants and some grains of
quartz; the other contains the hardening agent.
The capsule is inserted into the hole with the hard-
ening agent side going last. The anchor is installed
and hammered in, forcing the two agents to mix
and react in the hole. Another kind of glue capsule
contains the hardener in a small compartment in-
side the main one. This means you must crush the
capsule in the hole with the anchor and rotate the
rod to obtain a good mixture of the ingredients,
one reason why this model has fallen from favor,

The strength of the resulting mortar is propor-
tional to the amount of surface area that is satu-
rated between the anchor and the wall. The glue
mixture should fill the hole entirely until it over-
flows; you can then wipe off the excess glue. The
hole should be drilled with precision according to
the dimensions of the anchor, and a high quality
glue should be used. Manufacturers normally spec-
ify drilling requirements and each diameter hole
uses a corresponding capsule size.

G. Newman

Britain. Fheto

Great

sSomerset

First pitch of Rhino Rift,



Nearly all of the resin anchors used in caving
have a 10-mm diameter stem. A 12-mm hole is re-
quired to allow sufficient adhesive between the
stem and the rock. Labeling on the glue packs cor-
responds to the anchor stem diameter, so in this
case, M10. The packs remind us of the correct di-
ameter to be drilled, since these are actually 10.5
mm wide and will not fit into a 10-mm hole - which
would be the correct size for 8-mm stems.

A Key points:

= Only install these anchors after a thorough as-
sessment of the surrounding area.

* Choose glue capsules that are suitable for use in
a humid environment (often having an epoxy
base).

» Degrease the anchor stem beforehand with ac-
etone or trichloroethylene.’

= Drilling at an angle, enlarge the hole opening
with two opposing notches in the rock to help
sink the base of the ring.

= Blow out the hole when drilling (eyes closed!):
any dust will prevent proper saturation between
the anchor and the wall. A wire brush, small
blow tube or a toothbrush can be helpful.

* Sweep out the drill hole with a nylon brush or
toothbrush and again blow it out.

« If you are not using a hammer-activated resin
capsule, twist the anchor around at least ten
times to thoroughly mix the adhesive.

* Do not load the anchor until the drying time is
complete.

« An absence of glue overflow from the hole in-
dicates a problem: the hole could be too deep
or too large for the anchor, or the capsule may
not have been set or broken correctly. In this
case, take out the anchor, add another resin cap-
sule, re-mix, and wipe off the excess glue.

* \When using cement, leave highly visible signs at
the site that an anchor was recently set; also
leave a sign at the cave entrance that explicitly
specifies the day and hour after which the an-
chors will be safe for use.

¢ Do not use hammer-activated resin capsule for
placing ceiling anchors: the powdered harden-
ing agent is at the top of the capsule and will
fall, and the mixture tends to run out of the hole
too quickly.
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| Tips:
Transport resin capsules in a well-protected, rig-
id container and separate them carefully (with
open-cell foam packing) to prevent them from
being inadvertently smashed.
= Verify the expiration date on the resin capsule
at the time of purchase and respect this indica-
tion, which varies according to the glue (one-
year minimurn).
» When placing ceiling anchors, block the anchor
in the hole with a nail to prevent it from falling.
To prevent the glue from running out of the
hole, stop it with a rubber ring inner tube that
can be made rigid by a washer cut from plastic.
These can be removed when the glue has dried
completely.

i 1
L]

7.8 Screws

Screws make it possible to fix hanger plates onto
their anchors, and usually come with commercial
hangers, though not always. The type used de-
pends on the anchor being used and why. It is
therefore useful to know their characteristics to
better separate them according to their use.

Material

There are an infinite number of steel types, and
not all of them are appropriate for setting anchors
in caves, Some types of stee| can be too weak; oth-
ers, dry tempered when plunged quickly into wa-
ter to cool, are brittle (short). The European stan-
dard fortunately requires that the characteristics
of the alloy be marked clearly on the head of the
screw: 8.8 is the number required, and this alone.
This corresponds to a steel alloy with a breaking
strength of 80 kg per mm?, All stainless steel screws
have sufficient strength. These are identified by an
“A" on the head.

An M8, 8 x 125 steel screw (the last number des-
ignates the thread size) with a specification of 8.8
has a shear strength of 18 kN, which corresponds
well to the hanger strength. The best length is 16
mm. For rings, which are thicker than hanger
plates, we recommend 20 mm: using a 16-mm
screw in this case (as sometimes occurs with repairs)
reduces the breaking strength to a quarter.

Good commercial hanger plate/screw assem-
blies are developed so that the screw will fasten

12 The latter is hazardous to health and the environment, and little used in North America since the late 1980%.
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the hanger plate right down against the wall
when the screw has been set properly. With home-
made models - fortunately rarer these days - and
depending on the exact form of the screw and
thickness of the hanger, the screw can end up stop-
ping at the end of the anchor thread, leaving the
plate to rotate freely. Such plates can be hazard-
ous and should never be left in place. When we
climb past the rebelay, the hanger, pulled via the
rope by a particularly tenacious Croll, could turn
upside down. Weighted in the wrong direction, it
will almost surely break as the following person
climbs up. See the chapter on ropes to find out
about the immediate consequences of such an in-
cident.

Of course, the shape of the anchor sleeve will
prevent the screw from running into the anchor
cone.

Tightening the screw

You will need a 13-mm hex wrench to tighten
down the screw. Be careful: it is entirely possible
that with a simple commercial flat wrench, you
could strip or break an 8.8 screw by applying too
much force. Even if you don‘t completely break it,
any excessive tightening will ultimately compro-
mise the internal strength of the screw. You can
limit the tendency to apply too much force by
shortening the handle of the wrench to under 10
cm. The choice of an open- or closed-ended wrench
is up to you. Open-ended wrenches have the ad-
vantage of allowing you to unscrew stuck 7-mm
anchor maillons. It's a good idea to drill a small hole
in the handle for an attachment cord. Warning: if
the wrench is of high quality, this operation will
ruin your drill bits! Some caving hammers come
with a socket wrench on the handle end, which is
quite convenient, except of course when you're
dealing with ring hangers.

After several successive uses, screws can start to
work loose. Make it a habit to always check these
and to tighten them down if you find any play.

Aging and wear

As with bolts (see previous section), screws also
fatigue from repeated loading and unloading.
Moreover, the threads wear and will eventually
become stripped. Change them at least once dur-
ing the life of the hangers that they are holding.
Stainless screws are the strongest, but they cost
twice as much.

7.9 Hanger Plates and Rings

Hanger plates have two holes: one for the connec-
tor that will hold the rope, and one for the screw.
These are only installed on sloping or vertical walls
and never on overhangs or ceilings, unless the
shape of the hanger hole is specially designed for
such use. It this case, the shape and position of the
hole require that the connector be positioned close
to the anchor axis, preventing this from pulling on
the anchor. Clown and Minox hanger plates allow
for ceiling installation.

There are two basic hanger shapes: bent and
twisted (fig. 85). Bent hangers are generally more
useful. They position both the upper rope loop and
the attachment knot parallel to the rock face,
which limits the possibility of abrasion to the rope
at these two sensitive points. On the other hand,
twisted hangers position them perpendicular to the
rock face, which you would rather avoid.

So why do twisted hangers sell almost twice as
much as bent hangers? It is simply psychological:
not only do bent hangers flex slightly when load-
ed, they also load the anchor in tension, while the
twisted variety doesn’t bend and works in shear.
The fears associated with these facts are entirely
unfounded. Hanger plate flex remains largely with-
in its elastic limit and, under a heavy load, the con-
nector will end up against the wall long before the
anchor is seriously threatened by the elevated trac-
tion (3 kN is enough for this, while the anchor can
withstand 19). So there is absolutely no risk in-
volved in using a bent hanger.

The bent hanger has a second advantage: we
sometimes need to place a Y-belay (or Y-hang) be-
tween two walls. These load the hanger at an an-
gle that, if too wide, tends to bend it and conse-
quently stress the bolt or screw in tension. Since
the bent hanger is already angled away from the
wall, it has a special advantage in this situation: it
allows us to rig at up to a 45-degree angle from
the wall, which permits lower rigging and con-
sumes less rope.

Twisted hangers have no particular advantages
worth mentioning, aside from that they allow the
possibility of placing an anchor just above an over-
hang. But in this case, you could just as well set a
bent hanger a few centimeters higher. We strongly
argue for bent hangers, which we think have been
unjustly abandoned. They deserve to replace twist-
ed hangers, but old prejudices die hard. We have
already pleaded the case for bent hangers in the




Fig. 85 — Minox (left) and
Clown (right) hanger plates

second edition of this book, nearly twenty years
ago, but apparently to no avail! Such irrational
fears will undoubtedly last into the twenty-first
century...

Most hanger plates are manufactured from a
light aluminum alloy (zicral), for obvious consider-
ations of weight. These hangers should never be
left for long in a moist environment. They will cor-
rode as a result of an electrochemical reaction be-
tween two metals (with water acting as the elec-
trolyte): the steel in the anchor, and the aluminum
in the hanger. The aluminum oxidizes into alumi-
ha, a white powder that forms a translucent gel in
the presence of water (this cannot occur under
water due to the lack of oxygen). After a long peri-
od of disuse the hanger can corrode to the point of
passing right over the head of the screw (and ex-
tracting) the moment it is loaded.

So in particularly humid caves, always use stain-
less steel hangers. Compact and relatively light
models are available (54 g for the Minox, fig. 85,
versus 30 g for an aluminum model). These are
sometimes even less expensive than classic alumi-
num hangers.

The shape of the Clown hanger allows you to
place a ceiling anchor and install the rope loop di-
rectly in the hanger without using a connector (fig.
88). This is the lightest anchor assembly on the
market, but it unfortunately has some disadvan-
tages. The Clown takes up a lot of space in the bolt-
ing kit. It is also easy to lose while de-rigging, is
difficult to use with stiff rope, and requires a flat,
even surface for anchoring.

Like Clown hangers, rings do not require a con-
nector. Rings also have an eyehole into which the
screw is placed (fig. 89). Recall that these must be
installed with 20-mm screws, rather than the usual
16-mm screws for hanger plates. Ring anchors can
be loaded in all directions; the only condition for
their use is that they must never be loaded in shear.

Fig. 86 — Twisted (left) and bent
{right} hanger plates
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Fig B7 — Bent
plates hold the
rope away from
the wall and halp
reduce abrasion.

They are thus particularly useful for rigging on
overhangs or ceilings.

Use only models manufactured specifically for
use in caving. Rings designed for industrial use
should not be used. Those with M8 threads are cast
from a lower quality alloy, which harbors tiny im-
perfections that can ultimately cause them to
break. Finally, their high leverage prevents them
from being loaded in shear.

Hanger plates and rings can be used with ex-
pansion bolts as well as self-driving anchors. In the
latter case, you will need a screw. To avoid losing
this, it can be fitted with a simple rubber o-ring.
Many manufacturers already provide these with
the screw.

o Key points:

= Remember not to tighten the screw too much
when using an anchor sleeve, to avoid stripping
the thread or breaking the head.

= Tightening down too hard on an expansion bolt
will pull it out of poor rock.

« (Classic rigging technique does not allow you to
rig the rope directly into a hanger (except when
using specific models such as the Clown). We will
discuss this point later in the section on light rig-
ging techniques.

14 Tip:

When leaving a full bolting kit for an extended
period between explorations, store it in a water-
tight bag or container to limit the effects of corro-
sion between the steel and aluminum.
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Fig. 88 - The Clown
does nat require a
connector and can
be used in a celling,

Fig. 89 — Hanger ring

(il Standard:

Anchor assemblies are not considered PPEs and
so do not require CE approval or labeling. Howev-
er, they support the rigging in the same way as stat-
ic ropes, which are subject to the standard. It's no
use asking what kind of logic supports this doc-
trine...

There is, however, one standard (EN 959) that
defines:

* minimal axial strength (pull along the axis of the
bolt hole): 15 kN.

¢ minimal radial strength (shear loading along the
radius of the bolt hole): 25 kN.

& maintenance:

= Label your hanger plates, using metal punches
(stamps) in the center of the plate, away from
the curving radius or edge.

* The only real enemy of plates and rings is corro-
sion. This relies on the presence of water and
can be aggravated by mud, which is acidic. Af-
ter washing and brushing these in clean water,
store them in a dry place.

s Screws should be lightly greased on occasion,
and their rubber o-rings replaced when broken.
Replace screws that are rusty and those with
damaged threads. if you follow these recom-
mendations, the life of your hanger plates will
be longer. They will only reach retirement age
when the hole wears, after being accidentally
bent during use...or after falling to the bottom
of an impassable meander.

7.10 Pitons

Technology
Pitons are steel blades having various shapes and

an eyehole, into which a carabiner is placed. They

are hammered into fissures or cracks and used as
quick belays or anchors. While pitons were once
rather popular, their use has declined with the rise
of bolt anchors. The reason for this is that they have
two drawbacks: they can only be place in rock hav-
ing some kind of fissure, and their hold is less cer-
tain. Despite all this, they can be very useful in some
situations: in prospecting, as climbing aids, when
pushing leads, and when setting deviations.

According to the alloy used to make them, there
are three basic categories of pitons:

* soft steel pitons, which can bend to the shape
of the cracks into which they are placed. They
must be hammered back into shape after extrac-
tion;

¢ hard steel pitons, usually made of chrome-mo-
lybdene alloy, which retain their shape and stiff-
ness as they are forced into the fissure, These
can be identified by their darker color (soft pi-
tons are lighter), and they are more durable
than the previous models;

¢ semi-hard steel pitons, having intermediate
characteristics, which have begun to take the
place of soft pitons.

According to their shape, there are;
¢ Flat or vertical pitons,
whose eyehole is on the G
same plane with the
blade (Fig.90). These are
used for very narrow
cracks (less than 10 mm).
Waved or double-bent Fig. 90 - Flat piton
pitons are a special type
used only for larger fis-
sures;
= Horizontal pitons, with a lateral (L-piton) or
central (T-piton) eyehole, both of which are per-
pendicular to the blade (fig. 91). These are also
used for narrow cracks.

Fig. 81 - Hori-
zontal pitons




* U-pitons are special hori-
zontal pitons with a lat-
eral eyehole, and those
in a V can be used like
horizontal T-pitons (fig.
92). Both are used for
larger fissures (more
than 10 mm).

* Universal pitons
have the eyehole
at a 45-degree an-
gle relative to the B 3
blade (fig. 93). s

Fig. 92 - V-piton

Vertical, horizontal,
and universal pitons
are all “blade” pitons.
These are the most fre-
quently used models since they are the only possi-
ble aids for use in narrow cracks; pitons used for
larger cracks have serious competition from chocks
(mechanical or non-mechanical camming devices).

Ring pitons, which fit into the category of hori-
zontal T-pitons, are not strong and are not used in
caving activities. The rope should never be passed
directly through the piton’s eyehole; neither is it
very convenient to thread them on a rope like a
string of pearls!

Each shape has variable lengths and widths, cho-
sen according to differing fissure configurations.

Fig. 93 — Universal piton

Placement and hold
You can ensure a proper hold in the following

two ways:

= by applying direct pressure on the sides of the
crack. This is only the case for a horizontal
T-piton placed in a horizontal crack.

¢ more generally by making a twist that will jam
the piton into the fissure and hold it there. The
rule is simple: once the piton is in place, the
plane of the eyehole should never be vertical,
with one exception: you can place a horizontal
piton with a lateral eye in a horizontal crack and
it will hold quite well.

Remember that horizontal and universal pitons
can fit into all cracks with one obvious exception:
the universal piton cannot be placed in a sloping
fissure with its eyehole sitting vertically. Vertical
pitons, on the other hand, cannot be placed in ver-
tical cracks. The table in fig. 94 illustrates these rules.
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To summarize, carry horizontal pitons with a lat-
eral eye since they can be placed anywhere, L-types
for narrow cracks or U-types for larger cracks.

Once you have chosen the appropriate model,
the piton is placed manually into the crack and then
hammered in with successively harder blows. As it
goes in, the free end of the shaft disappears and
vibrates differently with each blow, creating a ring
of increasingly higher pitch: this high ring indicates
a correct placement. It will otherwise produce a
lower, hollow ring if it is too narrow and not suffi-
ciently gripped in the crack.

Removing the piton

When you de-rig a passage, you should attempt
to recover the pitons as well. Extracting a well-set
piton is no easy task; if you had a long, hard time
setting it for a perfect hold, you'll likely spend at
least as much effort getting the thing out. Ham-
mering it alternately on both sides will often loos-
en it little by little, Be careful of knocking the piton
out completely and losing it during the last blow -
be aware of your own strength! Using a hammer
with a notched extractor point will make it easier
to remove the piton without fear of seeing it go
flying into the depths below. You can also link the
piton and hammer with a 7-mm x 30-cm long chain
attached with two maillons or steel carabiners.
Hammer in the opposite direction to which the pi-
ton was set. Be sure to use a hammer with a good
wristloop, or you can say goodbye to the hammer,
chain, and piton if the piton suddenly comes out.

Compression pitons

These require you to drill a hole using a special-
ly adapted drill. They are also difficult to set, and
have no particular advantages over normal pitons,
so have fallen out of use. They work on the same
principle of compression within the rock as do ex-
pansion bolts, but the latter are much easier to use.

o Key paints:

* A poorly placed piton will come away with no
warning whatsoever. Do not settle for an ap-
proximate placement, unless the only thing you
plan to hang on it is your caving suit during a
camp.

= Before beginning the placement, mentally eval-
uate how you will set the piton and the kind of
gripping action (twisting or direct pressure) you
want to use.



Good Hold

Bad Hold

Fig. 84 - Effectiveness of piton holds in various kinds of fissure.

L 2 Tips:

= You can place two pitons side by side when you
are dealing with a crack that is too large for just
one.

* A soft steel piton that hasn't been completely
driven into a slightly shallow crack can still hold
perfectly if you bend it 90 degrees, which will
bring the eyehole to sit against the rock. By in-
creasing the twist, this maneuver makes for an

even better hold. On the other hand, don't try
bending a hard steel piton in this way. To use it
in this situation, you must tie it off close to the
rock by tightening a piece of cord around it with
a girth hitch.

Shallow cracks are quite common, either be-
cause they have closed on themselves or because
they have filled with calcite. Consider taking
along some shorter pitons.



i Standard (EN 569) :

Pitons are classified as PPEs because we remove
them after use, while anchors are not classified as
such because they remain in place ! The logic is con-
founding...

We differentiate the following:
= safety pitons: these pitons have greater break-

ing strength, a minimum thickness of 3 mm, and

a length of at least 90 mm. They are intended to

protect against falls.

= progression pitons: these must have at least half
the breaking strength of safety pitons and a
thickness of at least 3 mm, but they have no min-
imal length requirement;

* suspension pitons: these are intended for use in
aid climbing, and are not PPEs. They are not
meant to protect against falls.

All performance tests are carried out on 6 to 12

different samples each time, according to the

shape of the piton (F1 corresponds to the load
direction).

= Minimum static breaking strength:

Normal Inverse  Transverse
Direction of (downward) (upward)  (perpen-
Load: dicular)
Safety Piton 25 kN 10 kN 15kN
Prog. Piton 12.5kN 5kN 7.5 kN

= labeling: safety pitons are engraved with "S§";
progression pitons with “P.” Both carry the CE
label, the laboratory number, and the shaft
length in cm. Suspension pitons must be labeled:
“not load bearing.”

Due to the high cost of CE testing, manufactur-
ers have made major cuts in the variety of pitons
they produce,

& Maintenance:

* Soft steel pitons can be hammered back into
shape using a flat rock or anvil. Successive
straightening will naturally lead to eventual
breakage.

» Lightly grease soft steel pitons. Hard steel mod-
els require no maintenance. Store them in a dry
place.

w
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7.11 Ice Screws

The use of ice screws in
caving is limited to very
specific circumstances: icy
passages, glacier mills, or
some icy entrance pitches
in wintertime when ice
flows cover the rock and
anchors.

The strongest anchors

Fig. 95 -

are tubular. Chose the lat- Thmadp;-l ice

t screws nave
est models, which have a Wrcciplia
cutting end with four types

teeth and a short thread

(6 mm): they have the greater advantage of simply

screwing down manually by turning the lever on

the head.

(il standard (EN 568):

* Wear strength for hammered anchors: these
must withstand 100 consecutive insertions.

= Screwing capacity: the rotation torque must in-
crease 50% after 30 rounds.

¢ Breaking strength and holding power in the ice:
they must withstand a radial force of 10 kN with-
out breaking or extracting.
All tests are performed on three separate an-

chors each time.

7.12 Chocks'?

Like pitons, chocks are also placed in fissures, and
their advantage is that they do not require a
hammer and are much easier to

remove. A disadvantage is that
placing them is a delicate op-
eration and their hold can be
uncertain. They are better
used in cracks that are

Fig. 96 — Two types
of wired nut, one
with a notched face
for coupling with
other nuts, the other
with unequal faces
for better choice

of placement

Short for “chockstonels],” borrowed from the general term for a tightly wedged rock, This term here covers an array of

mechanical and non-mechanical jamming devices that are used for temporary protection in aid climbing, including

nuts, hexcentrics (hexes), friends, removable bolts.
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Fig. 37 — Example of how
a nut is wedged.

\ ,-/k wider than those that

A take pitons. They are es-

pecially useful in climbing

and prospecting, for set-

ting deviations and even —

in special circumstances —

for rigging pitches.

Since cavers generally do

not have a "chock culture,” it

is best that we abstain from us-

ing these devices as our main

anchor points, Truly safe chock

placement is a delicate, exacting

maneuver, and those who know how

to go about it have no need for the

advice found here. All others should learn by spend-

ing quite a lot of time practicing with conditions

and configurations that are similar to those found

in caving. That said, we will therefore limit our dis-
cussion to a few generalities.

In caving, we hardly ever use anything but
“nuts,” which are light, compact, inexpensive, and
generally have a better hold than larger pieces.
Flexible models exist in lead or copper (copper-
heads) that can be hammered into cracks or hole
and take on the shape of the crevice.

) Key points:

¢ Do not use chocks as primary anchors unless you
are very accustomed to placing them.

¢ Test for rock flakes before use: the chock
could break them by acting as a wedge when
weighted.

* Choose wired nuts (pre-fitted with a wire loop).
These can be placed at arm's length since they
are more rigid.

¢ Models with a notched face can be coupled to
fit into larger cracks.

* Nuts with unegual and nonparallel faces offer
greater choice in placement.

7 Tip:

In narrow cracks that have a sufficiently flared
interior, you can fashion a do-it-yourself chock by
making a knot in a rope or webbing and placing it
in the opening. Whether the hold is excellent or
uncertain naturally depends on how well you've
set the protection!

Fig. 98 - Flexible

chocks are ham-

mered into cracks
and fissures

(o]

[l Standard (EN 12270):

Chacks are Type IIl PPEs.

For all types of placement indicated in the man-
ufacturer's instructions, the minimum holding
strength must be above 2 kN.

7.13 Skyhooks

Skyhooks are made of special steel and are very
useful as direct aid in climbing, providing holds or
temporary resting points. To use them, we link
them to a cowstail or webbing
N\ sling. They can also be used to
/ anchor an etrier on particularly
small surface features in the
rock.

Skyhooks help you gain your
equilibrium at the end of pen-
dulums and give you some hold
when setting anchors or devia-
tions. But be aware that these
hooks place more stress on the
contact point. Soft rock, flakes,
and flowstone rims don't always
hold up! Some smaller hook radius models are
available, but we recommend the larger shape with
a wide radius hook. Carry these in your bolting kit.

Fig. 89 - Skyhook
with webbing loop.

7.14 Cables and Wires

A static support for your hands or feet can be use-
ful when climbing past some obstacles such as bell-
shaped pitch heads, waterfalls or deep pools. Here
we often rig a steel cable or an iron wire. Such rig-
ging should only be set in passages that are in fre-
quent use since carrying and installing these aids is
relatively time-consuming. Moreover, this kind of
rigging is heavy and must be placed carefully and
correctly so as not to damage the cave,



We generally use 5-mm wires or cables, which
are strong yet not too heavy (under 100 g per
meter), and easy to grip. Adjust the tension care-
fully, leaving adequate working slack that won't
place too much stress on the anchors: these are
more sensitive to shock due to the complete lack
of elasticity in the wire or cable. Anchor sleeves may
pull out or any part of the rigging could break if it
is old and the tension is too high.

Steel cable permits very durable fixed rigging.
This is easy to transport in a roll as it is more flexi-

’ﬂ—\-\-.\.l_%\n\ W
=

Fig. 100 — Anchor set along a wire cable traverse

ble. However, it is rather expensive since only stain-
less steel will do: galvanized steel oxidizes down to
the core and will break without warning. Rigging
it is also a more delicate operation, as this requires
special cable clips and tighteners, and cutting it
with a chisel can lead to dangerous unraveling
upon subsequent loading (see below). Wear on
cables also leads to rupture of the smaller wire
strands, which turn into treacherous little spines.
Even still, stainless steel cables are very durable.
While it is much less expensive, iron wire comes
in very stiff rolls that are difficult to carry and re-
quire straightening before being rigged. But it is
also very sturdy and durable: special treatment
during manufacturing makes it resistant to any-
thing more than surface oxidation, even in stream
passages. It wears without producing those annoy-
ing wire spines, but will break without much warn-
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Fig. 101 - Twist the free end of the wire around the rigged end.
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ing. It should therefore be checked carefully on a
regular basis. This wire can be cut on site with a
chisel and installed on hanger plates with 6-mm
maillons, or directly on eyebolts, Simply twist it
back around itself at the anchor over a distance of
20 ecm at most, since the cowstail carabiner will be
unable to slide along this section. Be careful of the
free end, which can cause injury, stabbing your
boot, glove...or bare hand. Fold the end back on
itself and pinch it down with pliers to prevent the
end from sticking out (fig. 101).

# Key points:

* Rig a traverse line from different anchors where
any failure in the rigging could lead to a fall and
serious injury: at the pitch head, or where rig-
ging is high above water, for example.

» For footholds in particular, rig short sections
(even if this requires more anchor points) be-
cause they are much more stable.

= Do not use any wire or cable that oxidizes.

« Remove all cable from the cave that has been
cut, altered, or rigged again after flood dam-
age.

¢ Never connect cables or wires to rope.

¢ Install three cable fasteners of appropriate di-
ameter at each extremity of the cable to insure
good hold at the anchor.

1% Tips:

« To cut the proper cable length on site without
allowing it to unravel, wrap the end to be cut
thoroughly and tightly with industrial strength
adhesive tape, and then cut it with a chisel. Place
two cable fasteners on the end, one of which
should be about 2 cm from the tip.

* Leave a slack loop between two contiguous ca-
bles to avoid having to cut them (see fig. 100).

* Remember that cable fasteners are installed
with the base on the side of the strand to be
weighted rather than the free strand.

s Use steel carabiners on your cowstails when trav-
elling frequently on wires and cables.

& Maintenance:

Check iron wires for wear on the anchor mail-
lons and at all possible rub points, particularly in
rivers where high floods can cause vibration : the
wear can be inconspicuous but dangerous. Also
check for splints formed from broken strands of
cable.
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Carabiners connect the various elements in the
chain of safety - hence the name “connector” in
technical manuals and in the standards. This term
also covers maillons (screwlinks or quicklinks) and
other similar pieces of hardware. There are dozens
of brands and hundreds of different models of car-
abiner, but these can be categorized under a few
larger families, which we will discuss in the section
on standards below.

Fig. 102 — Two rigging carabiners, compact model an right

8.1 Carabiners

We have already looked at carabiners used as part
of our individual equipment. For collective pur-
poses, we mainly use locking carabiners: carabin-
ers used for rigging and anchoring and for placing
pulleys, with or without an ascender (jammer). For
the latter, only one shape should be used, the
straight oval. Placed between the pulley and the
ascender, it should be sized to rotate easily in both
these devices.

There are two main schools of equal importance
when it comes to rigging connectors. One stresses
the use of locking (safety) carabiners, which are
faster and easy to handle; the other uses maillons,
which are more compact, more resistant to wear,
and less expensive. The former school is gaining
ground on the latter, proof that technical consid-
erations have come to prevail over financial argu-
ments. Indeed, it is easier to clip in to a carabiner
than a maillon (except those that are pear-shaped)
at the rebelay, and placing a carabiner is faster and
doesn't require a wrench. Remember, however,
that carabiners have a greater tendency to twist
and jam in a poor direction in the hanger plate
when pulled by the rope. This is something you

Fig. 103 - Carabiner shart
and long axes

Short axis

Fig. 104 — Strength speafica-
tions in kN, engraved an the
carabiner spine.

should be aware of as you leave a rebelay when
climbing.

There is little argument for using steel carabin-
ers in caving (we are still speaking of collective use
rather than, say, braking carabiners): steel is in fact
weaker than zicral (16 to 20 kN versus 22 to 25 or
more). The gate closure on these steel carabiners is
often like a snake's tongue and can cut fingertips.
It also helps collect and pack mud in the gate dur-
ing the trip and this can ultimately compromise its
strength. Finally, steel is three times heavier than
zicral and requires more maintenance. Those who
think it safer because of its almost total lack of cast-
ing flaws would do better to go rally around the
maillons.

The light alloy wins the vote. lts only limitation
is that it cannot be left rigged underground for
long because it oxidizes (see the section on per-
sonal gear). It is also more sensitive to corrosion
from mud and clay, which we can detect from the
appearance of white marks on the aluminum.
Those more negligent cavers have probably already
noticed these.

fiifl Standard (EN 12275):

The carabiner body must be marked with the
load bearing capacity of both its long axis (with
gate open and closed), and its short axis (with gate
closed). These values are given in kN and engraved
on the long axis (fig. 104). For the strength of the
long axis with a closed gate, the FFS follows the
standard, but it is less demanding when it comes
to the breaking strength of the short axis (5 kN)
and the that of the long axis with an open gate
(5 kN). However, their recommendations have no
legal significance.




European Standard (EN 12275) for carabiners and maillans
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8.2 Maillons Rapides

(Screwlinks, Quicklinks)

These have the shape of a chain link that can be
opened on one of its long sides with a hexagonal
nut sleeve. Their primary use in caving is as the link
between the hanger plate and the rope in vertical
pitches. Only the “"GO" (grande ouverture in
French) series of maillons have a wide enough
opening to allow easy placement of the rope in-
side. The best diameter is 7 mm: it has a breaking
strength of 25 kN, the equivalent of a good cara-
biner. Though they are compact, sturdy, cheap, and
resistant to oxidation, maillons do have some dis-
advantages. Using them is not as rapide as their
name would suggest; it takes quite a while to twist
the sleeve from a closed to an open position. And
when they get stuck — which can happen often -
we need an open-ended wrench to loosen them.

Fig. 105 - Classic 7-mm GO
maillon rapide for anchors,

Fig. 106 - Ultra-
rapide zicral Speedy

Finally, its a bit harder to clip into a maillon than a
carabiner.

Seven-millimeter GO maillons are available in
several models. The most common is made of gal-
vanized steel. It also exists in zicral, which only
weighs 20 grams, but has a strength of only 10 kN.
It also comes in stainless steel.

A new generation of ultra-rapide maillons has
appeared: the upper end of the nut sleeve is not
threaded, so these links only have one threaded
end and can slide freely to its maximum aperture.
Opening and closing is four times faster than with
classic maillons, but unscrewing them when they
become stuck still requires a wrench. Their long axis
breaking strength is the same as that of classic mail-
lons, but the short axis strength is less: 5 kN. They
cannot serve as general purpose links, but two
models can be used for rigging: the Speedy, a new
generation of zicral maillon that is not only “ultra-
rapide” but is relatively strong thanks to its shape:
15 kN for only 22 grams. The Presto is a new gener-
ation of steel maillon that is slightly pear-shaped
and offers 27 kN breaking strength on its long axis;
however, it's three times heavier than the Speedy
{66 g). It's easy enough to clip into both of these
models without getting stuck, even with the pit
rope inside. Neither are CE approved (referring to
standard 12275), but they meet the recommenda-
tions of the FFS,

¥ Key points:

» Carabiners whose long axis breaking strength
falls between 15 and 20 kN satisfy the recom-
mendations of the FFS for anchor connectors,
but they cannot be used as general purpose car-
abiners, nor for bolt climbing in particular.
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* When leaving a pitch head or a rebelay, have a
quick look behind you to be sure that all links
are sitting correctly in their hangers, with the
long axis resting vertically. This is particularly
important in more difficult passages where the
ropes are pulled in different directions, and so
are the links connecting them to the anchors.

* When approaching a pitch head on descent,
make sure that carabiners are positioned with
the gate closure toward the bottom so that vi-
brations from the rope and gravity will keep it
locked rather than twist it open. If the carabin-
er is not placed correctly, screw the carabiner
closed and turn it to the proper orientation.
Screw gates (on carabiners) and nut sleeves (on
maillons) should always be placed facing away
from the rock.

* For permanent rigging, zicral maillons and car-
abiners don’t hold up very well (wear on the
threads, oxidation, wear on the body from abra-
sion). Don't hesitate to check them often, turn-
ing them over to examine them completely.

LA Tips:

* Choose carabiners that can still open when load-
ed. Many asymmetrical models will do this, but
this is rarely the case with oval carabiners.

¢ Reminder: engrave carabiners only on the gate
and never on the body, since the latter will
weaken it. Maillons should never be engraved;
paint or label them with tape instead.

* [f you don't have a wrench, you can unscrew a
stuck maillon by wedging the sleeve into another
partially opened maillon.

fii Standard:

Maillons are included in the category of screw-
gate connectors, and must conform to Code Q of
the general connectors table found on page 103.

Specific models that are CE certified are:

e steel 7-mm and 10-mm GO, 8- and 10-mm N
* stainless steel 7-mm and 7-mm GO

* steel 10-mm delta and half-moon maillons
e zicral 10-mm half-moons

£Z Maintenance:
This is the same as maintenance for personal
equipment links, discussed in chapter D (page 54).

When you need to move or lift a heavy load, pull-
ing directly on a rope is not an effective option.
You need return point for the rope in order to
move the load more efficiently.

Pulling with the rope looped around a return
carabiner is not very effective: you lose 50% of
your effort to friction, and so
must exert a force of 1 kN to lift
a 50 kgf load. By doing so, you
place that much more load on
the carabiner. In such a situa-
tion, a pulley is necessary. A
pulley has a rotating sheave
and its diameter is much larger
that that of a carabiner. Rope
fibers are thus less stretched
or compressed, and they work
less against each other. Pulley
sheaves are usually mounted on
self-lubricating bronze axles, which reduce the fric-
tion opposing rotation. To lift the same 50 kgf load,
0.7 kN of traction is sufficient. If the load is really
heavy, you can increase your efficiency by using a
pulley fitted with ball bearings (which rotates more
easily) or simply a larger diameter pulley (which re-
duces internal friction within the rope). In this case,
0.55 kN will suffice for lifting our 50 kgf load.

Several types of pulleys are used in caving. The
simplest model is a plastic roller that is fitted on an
oval carabiner. It is light {10 g) and compact, but
not very efficient and it wears down quickly. It is
not designed for regular use, and should be re-
served for emergencies such as removing someone
from the rope. Carry it on the draw cord inside your
cave pack or on your acetylene lamp tube, so it is
easily accessible in case you need it.

The most popular pulley is the fixed-sided mod-
el, particularly because it lends itself well to setting
up a "pulley-ascender” hoist and thus for arrang-
ing haul systems. In this application, swing-sided
pulleys with rotating side plates are much less ef-
fective since they do not stay in-line. A classic fixed
sided pulley also has a stronger dural sheave: this
will hold 22 kN as opposed to its swing-sided plas-
tic sheave counterpart, which holds only 12 kN.

The Tandem is an example of a double fixed-
sided inline pulley. It has excellent stability on ty-
rolean traverses and is ideal for use in several types
of haul systems.

Fig. 107 — Fixed-
sided pulley.



Fig. 108 = Mini Traxicn
pulley-ascender.

When digging, we must repetitively haul buck-
ets, rocks and various sledges. If weight is not of
particular importance, we would use a larger wide-
diameter pulley (even going so far as to use gigan-
tic mason’s pulleys!).

In rescue, the load is significantly greater, and
more energy is required over a longer period of
time. Larger diameter (40 mm and above) ball-
bearing pulleys are necessary. Under a heavy load,
pulley-ascender systems must withstand significant
pull from the rope when we resume traction. The
ascender “pushes” on the carabiner that attaches
it to the pulley, and the ensemble is off balance.
Increased effort is needed to effectuate each pull.
The Mini Traxion pulley-ascender will correct this
problem.

* Key points:

* Don't forget that the force of the load, and the
force applied to the rope opposite the load to
lift it, are combined at the pulley and thus to
the point to which the pulley is fixed. This an-
chor point therefore takes at least double the
force of the load being hauled.

* Rubbing and abrasion add still more to the load
at the anchor. For these two reasons, it is essen-
tial during rescue operations to assemble haul
systems and counterweights on three-point load
distributors, with each point fixed to an inde-
pendent anchor.

¥ Tips:

A return pulley installed just above you will ob-
viously facilitate pulling, but you cannot exert a
force that is greater than your own weight. With-
out such a pulley, your own muscles are at work,
and these can often exert a force greater than your
weight.
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fiill standard (EN 12278):

» Ease of rotation: the sheave must be able to
rotate in both directions under a force of 2 kN
without being damaged.

+ Strength: the pulley must hold a load of 12 kN.

* Labeling: the maximum rope diameter to be
used must be clearly labeled on one side plate.

The size and complexity of some systems sometimes
necessitate some kind of flagging, preferably of the
non-permanent and discrete variety. The days of
black carbide arrows have gone, a good indication
of our evolution toward greater awareness of the
fragility of our caves and our own sense of respon-
sibility toward their conservation and protection.
We are only the guests of Mother Nature and
should behave as such, leaving behind us only the
slightest traces of our passage. We already know
that the cave will have a hard time erasing these
traces alone, and in most cases it won't succeed in
doing so. On the other hand, it seems useless to
push the logic of conservation to the point of ab-
surdity; this would leave us sitting on the surface
so as not to disturb the cave! Complete avoidance
only leaves us with an (albeit temporary) lack of
knowledge, and can only be justified in some ex-
ceptional cases, when the value of the discovery
(archeological, esthetic, or otherwise) dictates that
we cease all activity out of respect for the cave and
its future, Such situations rarely occur in the life of
a cave explorer, but this does not clear us of the
responsibility to act conscientiously in our usual
caving practices. Each and every one of us should
think of the many small precautions and gestures
that will help lighten the impact of our passage.
Flagging is one of these gestures. In primary ex-
ploration, you will rarely need to do this since your
own footprints in the virgin passage will guide your
return. You should limit yourself to flagging only
strategic points (the way on through breakdown
in a large chamber, for example) and your marks
should be made from materials found in the cave.
Cairns or arrows placed with pebbles or rocks can
be easily taken apart once you no longer need them.
During a cave's exploration, evidence of your pas-
sage can accumulate, including those of mistaken
itineraries, and this calls for some proper signaling.
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Here you can use pieces of 30-40 cm construction
flagging tape, often red and white striped or bright
orange, cut in half along its length with an arrow
drawn in black permanent marker. Flagging tape
can be carried in bundles held by a rubber band,
and it is convenient to carry it on the body between
the caving suit and undersuit, which saves time
when placing the tape. The strip may be placed on
the ground, a wall or on a boulder in the passage.
Anchor it with a rock, pebbles, or sand; the arrow
should always point in the direction of the exit since
it is on the return that you generally risk losing your
way.

In large chambers or galleries with a lot of
breakdown over a large area, it may be necessary
to flag the path between the confusion of boul-
ders and rocks. Getting lost is a waste of time as
well as energy. Small pieces of white reflective tape
are very effective here. They reflect the light from
our lamps and can be seen from dozens of meters
away, yet they are very discrete: a two-cm square is

largely sufficient. The only precaution needed here
is being sure to avoid getting mud on the tape
when placing it. Place the tape so that each square
can be seen from the last, and they can be seen
when travelling in both directions. This eliminates
the need for arrows.

When exploration of a cave is finished, flagging
no longer serves a purpose and it should be re-
moved completely from the cave.

Similarly, when visiting one of the classics, re-
spect existing flagging and leave it in place, taking
care to remove any of your own markers when ex-
iting the cave. Flagging is only useful to the person
who sets it, since he is the only one who really
knows its meaning: following another’s itinerary
may lead you where you don’t want to go, but re-
moving it could compromise the person who is
counting on its presence. It is essential that we all
respect these guidelines if we hope to avoid leav-
ing excessively marked passages and losing control
of the cave's preservation.
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ard, France. Photo P C

G



Low water temperature in Alpine caves makes any
submersion a trying experience, since this consumes
our precious energy to the point of being danger-
ous. Wetsuits or pontonnieres are only practical
when we are submerged for a long time. Other-
wise, it is better to take a float.

The inflatable boat (dinghy)

The old sturdy neoprene-coated boats are no
longer available. Since they didn’t hold up to salt
water, they couldn't be sold as beach crafts and
were thus sacrificed on the altar of profitability. The
best models today are made of latex-coated nylon,
but they are expensive. Our only other options are
models made of latex-coated cotton or PYC. The
former are heavier and tend to rot if we leave them
too long underground. Boats made of PVCare rath-
er unreliable: they can tear when folded, wear out
quickly, and stiffen when cold.

Single seat and double seat boats are available.
The former are obviously lighter and more com-
pact. Equipped with an attachment cord (choose
one that floats), they help us through most watery
situations.

A well-made inflatable boat should have a solid
attachment point at both the front and back. A
grab line around the outside makes for easier han-
dling, but this can be fashioned from your own cord
or webbing. A floorboard is heavy and doesn't re-
ally serve much purpose as long as you are careful
when using the boat. For longer trips or when the
water current is rather swift, short oars resembling
ping-pong paddles can be useful. Be sure to choose
the floating variety and place an attachment cord
on each one. In calmer water or a short pool, your
hands and long rubber gloves can also do the job.
Be careful of advancing solely by using the cave
walls; this requires some skill and practice, and the
boat must never rub against the walls unless you
want to wear it out quickly. Since you must con-
stantly maintain perfect balance to avoid tipping
over, this technique is not so easy.

The inflatable buoy

This is a large inflatable tube with triangular
webbing in the middle for a seat, and two shoul-
der straps that help to hold it on the body when
you are between two pools and the water is shal-
low. The buoy is used with a pontonniere or a wet-
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Fig. 109 — The inflatable boat, often made of
latex-coated nylon

suit and doesn't need to be large to keep you
afloat, thanks to Archimedes’ Principle acting on
the submerged parts of your body. We sometimes
call it a “rubber ducky,” in remembrance of our
childhood beach craft, even if it lacks the head of
this web-footed friend.

There are several advantages to the rubber buoy.
First, it allows you to maintain your autonomy since
it is meant for individual use. This primarily saves
time. Because of the body's good center of gravity
when floating with the buoy, you maintain better
balance when floating. The buoy is more compact,
easier to inflate, allows you to divide up our gear
among separate vessels, and doesn't pose any at-
tachment or recovery problems in zigzagging or
narrow waterways. It is easy to carry and doesn’t
require deflating when you walk between pools.
Finally, you can't accidentally run aground since your
feet serve as our underwater sonar, and you need
not worry about flooding the vessel either. And
what is lost in spectacle is gained in efficiency!

A very inexpensive buoy can be fashioned from
alarge truck tire inner tube (you will need about a
20-cm diameter for sufficient buoyancy). The seat
and straps can be made from a length of webbing.
The only problem with this homemade device is

Fig. 110 - The inflatable buoy is very stable and allows
easy progression with a portonniere



108 |

that it can be a bit heavier and inflating requires a
pump, which is not so convenient to transport.
These rustic vessels can be left in place during the
duration of the cave exploration, which saves you
having to inflate them so often.

When working on a lengthy exploration requir-
ing repeated passages in a long, deep streamway,
you can also make a raft from tubes of PVC closed
by rubber inner tubes, cross-linked and bound to-
gether with cords. This can be made on site and
then be left in place. Such a vessel is a bit heavy,
but is strong and stable. Between uses, simply dock
it on a bank, attached with a cord to prevent it
from being carried away by a flood.

7 Key points:

* We recommend boats with two separate com-
partments. Otherwise, consider taking along a
life jacket!

¢ Choose a self-inflating model. It makes it easier
to re-inflate while afloat after a puncture,

e Always transport an inflatable boat under-
ground inside a well-sized protective sack.

* Because they are less stable, don't bother with
inflatable beach mattresses. Use a neoprene
wetsuit for getting through water passages with
low ceilings.

L 4 Tips:

* When deflating the vessel, get rid of all the
air by rolling the tube over itself, starting from
the side opposite the air valve. Close the valve
and then unroll the boat. Roll it up again, open-
ing the valve only at the very end, to eliminate
the extra air trapped inside.

« If water gets inside the tube, throw a bit of car-
bide dust inside, then empty the leftover lime
that has formed after about 24 hours. If this
must be done underground, use your electric
lamp to avoid any possibility of an explosion!

* If you have packs containing waterproof sacks
or containers that will make them float, tether
and pull them along behind your vessel; this
leaves more space inside.

= Maintenance:

* Remove mud and clay with a sponge and rinse
the deflated boat (air valve closed) with running
water. This will get rid of abrasive sand and grit.
Dry in the shade, and store in a dry place, with
the air valve left open.

» Immediately repair any slow leaks or punctures.
Waiting until later will only make the problem
worse.

e Latex boats can be repaired with rubber/latex
patches and rubber solution. Talc the outside,
and occasionally the inside as well.

The life of inflatable boats can vary consider-
ably according to use, the care we take with them
in the field, and maintenance after each use

Tempelgang, Holloch, Switzerland. Photo U. Widmer
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and resistant to rot. They should have a smooth, strong surface coating that isn‘t too heavy or stiff.

|_o survive the rugged, humid cave environment, our caving packs should be completely impermeable

PVC-coated polyester is the fabric of choice.

They are abused, dragged, thrown, thrashed, beat
up and sworn at. Our poor cave packs are the most
mistreated of all our accessories underground...
and then we expect them to hold up ! The cave en-
vironment is so inhospitable that it is nearly impos-
sible to carry our equipment — and there is usually
quite a lot of it - without strong, adequate protec-
tion. Ropes, anchors, food, carbide, maps, survey,
digging, photography and diving gear, camping
supplies...suffice it to say that a pack’s contents can
vary widely. The French use the term "kit-bag”
(“kit" for short) after the name for canvas military
bags used by American Gl's. These bags brought
joy (and sometimes tears) to a generation of French
cavers after World War II. They were made entirely

Fig. 112 - Personal
cave pack

Fig. 111 - Standard cave pack

of cotton canvass, from the cloth to the carrying

straps, had a slender shape that fit well up ladder

climbs and in restrictions, and a good price tag to
boot. But their bottoms also broke open without
warning, often emptying their motley contents
down long drops. They tore easily on outcrops,
their pressure clips popped off at the most unex-
pected times, they absorbed a clay shell that was
impossible to remove, and their straps came un-
done in restrictions like a lizard losing its tail. Need-
less to say, we've seen nothing but progress since
those days!

To be really useful, a cave pack should have the
following:

* two shoulder straps, preferably adjustable;

e a handle strap situated to the side (and out of
the way when the pack is being carried on the
back);

= ameans of closure that can be easily manipulat-
ed while wearing gloves;

» atether that is attached directly to the closure
cord, to allow easy transport in pits, meanders
and crawlways;

» areinforced bottom with an additional protec-
tive band, ribbon or weld around its perimeter;

= a lid on the inside (to avoid hang-ups) to pro-
tect the contents of fully loaded packs and pre-
vent mud from getting inside.

The pack seams should be welded or sewn
solidly with strong rot resistant thread. They should
ultimately be able to withstand the hysterical tugs
of a caver whose pack is hung up in a zigzagging
restriction, who refuses to back up at all costs for
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Fig, 1132 — Transport pack. As
with standard packs, a side
fandle and tether are indis-
pensable when carrying un-
derground

fear of getting more stuck. These specifications
make our packs a bit more technical then we would
suspect at first glance, and cheaper models will
quickly prove to be a bad choice.

Cave packs come in many shapes and sizes, but
they fall into two basic categories: larger expedi-
tion packs and personal packs. Expedition packs are
about 60 ¢cm tall and 25 cm in diameter; personal
packs are a bit smaller in diameter (usually wide
enough to hold a standard watertight container)
and 40 to 50 cm tall. The latter can be used to carry
carbide, extra batteries, food and water, spent car-
bide, rescue ropes and rescue blanket, and other
equipment used in a day trip (such as photo or sur-
vey gear). Their volume can thus vary according to
need, being quite small, for example, for shorter
trips in a known cave. These can easily pass through
restrictions.

Classic expedition packs are still the most wide-
spread. Some have round or oval bottoms, and
their advantages and disadvantages are inverse:
oval bottoms carry better on the back but get
jammed more easily when carried through mean-
ders on a tether, since their bulk shifts when they
turn sideways.

Transport packs

Transport packs, also known as “sherpas,” are
used to carry gear to the cave. These can also go
underground when individual volume is substan-
tial (for cave camps, diving or de-rigging trips) pro-
vided the cave is not too tight in some areas.

They need to be at least at strong and rugged
as cave packs, with additional padding on the
shoulder straps since they will carry more weight.
They should be big enough to carry two 6-liter wa-

tertight drums side by side, or one 15-liter drum.
They should have two closures, one on the outside
equipped with a preferably metal buckle (plastic
buckles rarely work for long underground), and
one inside for additional protection.

Some models have a retractable interior skirt-
ing that can be adjusted according to the volume
being carried. The fold-down closure is also adjust-
able along its outer strap. These packs should not
be used at full volume underground because the
height of the load can cause problems (scraping
and knocking against walls, wear on the skirting,
loss of balance, side handle lower than the center
of gravity). With a normal load, the skirting assures
an airtight closure and excellent protection of the
contents.

* Key points:

* Go for packs with welded bottoms: they are
much more resistant to wear and, even if they
cost more, it will be money well spent.

* |t is almost always illusory to think you can un-
jam your pack by sheer force and brute strength.
You will preserve both the integrity of the pack
and your own energy by changing the position
of the pack before yanking on it again.

» Make sure your pack tether is made of a materi-
al that floats in water. It will be easier to find if
your pack falls into a pool,

» The pack handle should be positioned between
the middle and upper third of the pack, prefer-
ably closer to the center, and not too flat against
the side so it is easier to grab.

» The length of the pack tether should be adjust-
ed so that the top of the pack hangs just under
the sole of your boot when it's attached to your
harness.

* Don't carry small objects loose in the pack. They
will be harder to find just when you want them
and are more likely to fall out while you’re mov-
ing. Attach them to a tether made from a loop
of cord or narrow webbing with a few interme-
diate knots. Fix this to the closure cord on the
shoulder strap side (and of course inside the
pack) with a girth hitch.

* On rope, the pack should never be carried on
the back because it pulls the body backwards.
Carrying it tethered to your seat harness, at-
tached at the bottom of the harness maillon or
linked to the leg straps by a length of cord or
webbing.



% Tips:

* A semi-rigid handle on the topside of a cave
pack can be very convenient for carrying it
through meanders.

» A cylindrical layer of closed cell foam padding
placed inside the pack is excellent for prevent-
ing punctures in the fabric by hard objects in-
side the pack and sharp edges in the cave walls.
This will prolong the life of the pack, protect its
contents, keep your back warm in the colder
caves, and can also be used as an insulating seat
cushion or camp mattress.

* Shoulder straps that detach from the bottom of
the pack can be hidden and protected inside it
during crawls and squeezes.

* Make a few knots along the length of the pack
tether. it can be a big help in narrow meanders
when you may need to unjam the pack fre-
quently.

= |t is better to hoist the pack by its tether, which
distributes tension through the eyelets in the
closure (if the pack is closed correctly!), rather

k) | 111

than use metal pull ring. Ideally, hoist the pack
on opposite points on the closure: it will stay
upright and get jammed less often.

» Don't use asherpa pack for small loads: an emp-

ty pack will flop around and be harder to grab
and pull along. For normal packs, placing a wa-
tertight drum inside can help solve this prob-
lem.

» |n river passages, a pack that has an eyelet in
the bottom will help empty the water from the
pack. Or, use a very well worn pack that hasn't
been repaired yet — it will empty itself automat-
ically!

42 Maintenance:

* Proper care and treatment will help extend the
fife of these Indispensadre packs. Ladel ar aurm-
ber them with a permanent marker as soon as
you buy them, for easy identification before and
during your trips. Labeling alse helps you te
keep track of a pack’s condition throughout its
long career.

nette

Future Sink, Patagonia. Photo J.F. Per
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* Packs require some care and attention. Wash
with water and a brush, paying special atten-
0N 10 INE STraps 10 pPrevent wear on tne seam
threads by calcite crystals in the mud. Patch any
tears as soon as they appear, using PVC glue and
round patches of the same material. Protect and
reinforce the seams on the straps with PVC glue
as well,

Frames are made of a light metal alloy or plastic,
with a waist belt and shoulder straps. They are very
useful for transporting heavy, veluminous loads on
the surface, which are strapped to the frame with
webbing or bungee cords. With rigid frames, as-
semblies that screw together are the weakest.
Those with riveted assemblies are a notch above,
and argon welded frames are the sturdiest. But
flexible plastic frames are actually better for our
use because they have better shock absorption
than the rigid frames, especially when it comes to
putting the heavy load down on the ground. If the
cave is large enough, these can also be used to
transport dive tanks, but remember to protect the
valves,

Fig, 114 -
Carriage Frame

Watertight “dry bags™

The hazards of underground transport make it
difficult to guarantee that your material will remain
dry in all circumstances, even in non-aquatic sys-
tems. Dry bags can be helpful in protecting gear
that must stay dry, such as photography equipment,
survey gear, clothes and food.

Adry bag should be made
of a soft, waterproof materi-
al such as plastic, latex or
PVC, It should be seamless (or
have waterproof seams) and
be able to close well enough
to block out all moisture. The
simplest type of dosure can
be achieved by folding the ““%m
bag down three times from
the top, each fold being a
few centimeters wide, then
folding it crossways three or four times like an ac-
cordion. The entire closure can then be held in
place with a thick rubber band (taken once again
from that handy inner tube). We can find commer-
cialized dry bags with similar folding closures and
a quicksnap buckle for quick opening. These bags
should not remain submerged for too long since
the water will eventually make its way inside.

The dry bag should be sturdy enough to resist
tearing or breaking under the various pressures en-
countered during transport. PVC tends to harden
in the cold. Latex dry bags are also available com-
mercially and they fold and bend without getting
damaged. You can also make small bags similar to
your rubber carbide “banana” tube. Plastic trash
bags are usually too fragile, even the if you double
up; their seams give out if the cave pack gets com-
pressed during transport.

Fig. 115 — A simple
plastic dry bag.

i Tips:

= Always squeeze excess air out of non-elastic dry
bags before closing if they are going to be sub-
merged. This will prevent pressure from forcing
them open. This also applies to diving, as it aids
equilibrium.

* Dry bags can also be used to fetch water (in
camps, for example).

= Ifitissturdy, a dry bag can be filled with air and
used as a comfortable, insulating seat cushion
during long waiting periods.



& Maintenance:

* Rinse with dean water and allow the bag to dry
inside out. Latex bags should be dried out away
from direct sunlight and then dusted with tal-
cum powder. They can be repaired with tire
patches and rubber solution.

* PVC dry bags can be repaired with PVC fabric
and PVC glue. Makeshift bags are obviously
thrown away (in a trashcan, of course, not un-
derground) once they are damaged.

Watertight drums

Curver manufactures these handy, robust con-
tainers, which are now replacing dry bags. They are
made of white polyethylene and the red screw-on
lid is equipped with an o-ring to make it perfectly
watertight, even under several meters of water.

Fig. 116 = Watertight drums
6 liters and 15 liters

In fact, divers were first to introduce these re-
ceptacles to the caving world, before discovering a
thousand and one other useful applications for
them. They are very convenient: a large mouth
makes their contents easily accessible and the lid is
easy to handle in any circumstance, thanks to a
wide screwbase and four large handholds.

The line has several shapes and sizes, some of
which are well adapted for use in caving. The most
popular is the 6-liter cylindrical drum, a perfect fit
for cave packs (fig. 116). The smaller 3.5-liter mod-
el has the same diameter and is also quite practical
since it allows you to separate your loads (fig. 117).

Fig. 117 —Small 3 5-liter
watertight drum.

For larger volume or sherpa packs, we recom-
mend the 15-liter square drum (although it isn't as

Watertight Containers | 3

watertight since it lacks
the o-ring). Its width
however prevents it
from going through
those smaller passages.
Finally, the largest of
them all is the 60-liter
medel (fig. 118). It can
hold expedition gear
and undergo all the
hazards of transport
without even flinching.
Seal it with a length of
colored cord, which
doesn‘t necessarily pre-
vent it from leaking but
will at least prevent it
from opening during transport. And in camp, they
make a convenient seat! We also use them in our
club headquarters to keep group carbide stocks
dry: Metal bins bend out of shape, allowing mois-
ture in, and the carbide eventually fuses together.
So these containers are well worth the investment.
In fact, all of these drums are extremely robust and
very useful. And they have an added bonus: they
make your cave pack float!

Fig. 118 = B0-liter
expedition drum.

i3 Tip:

Smaller drums can be expanded with air to pass
a sump without being damaged, despite the pres-
sure. To do this, attache a bicycle tire air valve to
the lowest point on the lid. It will hold under ten
meters of water, but remember that the drum will
still cause problems with equilibrium.

&2 Maintenance:
These containers are almost indestructible,
Lubricate the seal from time to time with Vaseline.

Special packs

Between the cave pack and the watertight
drum, you can transport just about anything un-
derground. This is not the case, however, with most
drills, which are too bulky even for a 15-liter drum.
They require double protection, against water as
well as impacts. A sturdy dry bag takes care of the
first one; for the second, you can either use a small-
er foam-lined pack or a small backpack, provided it
is robust (preferably made of Cordura). A safety
tether for the drill and a holster for the drill bits
are also useful accessories,
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The bolting kit (bolt bag)
A bolting kit allows you to carry everything you
need for setting anchors. It includes:
= adriver (installing a sleeve on it will protect the
end, but may rip out of the pouch)
= a supply of self-driving anchors and cones or
expansion bolts

» corresponding hanger plates, screws, maillons
and rings

* acaving hammer stored in a separate compart-
ment, for easy access

* askyhook for maintaining position during awk-
ward placements.

These items are all quite
heavy, so it's important to
make as precise an estima-
tion as possible as to how
many will be needed for
the trip, then increase it by
20 percent. When the links
being used are carabiners
and not maillons, carry
these separately since they
are bulkier. This is also true
for maillons when you have
a lot of them.

Hangers with their con-
nectors attached can be held together on a loop of
cord. This is better closed with a carabiner if you
want to thread rings on this loop. Anchor sleeves
can be screwed together with their hangers and
screws. These are then threaded on a cord like a
string of pearls, each separated by a knot to pre-
vent them all from falling down a pitch all at once,
The easily lost and damaged expansion cones can
be pushed into holes in a rubber bracelet cut from
our multi-purpose inner tube. This may be
equipped with a carrying strap or attached to a car-
abiner by a hole at the end. Cones can also be car-
ried between two strips of electric tape. Film canis-
ters can also be used, but take care not to drop any
cones when removing them over a pitch!

A bolting kit should of course have a carrying
loop that can be attached to the seat harness belt
or shoulder strap, the latter being more convenient
for rummaging through while hanging in the air.
The closure should have a clip that can‘t be pulled
or snapped open easily, reinforced with a Velcro or
other wraparound protector.

Fig. 119 — Bolting kit

You may have noticed that a 13-mm wrench has
not been mentioned for transport in the bolting
kit. In fact, this should be carried with your person-
al gear, since everyone should be ready to tighten
down hanger plates, and screw or unscrew mail-
lons.

Let's consider this wrench now, since we didn‘t
discuss it in the section on personal gear (where it
might have seemed incongruous between the hel-
met and socks). Simple open-ended flat wrenches
are the most convenient, since closed-end wrench-
es cannot be used with stuck maillons. Because
there is a real risk of over-tightening and stripping
the anchor nut, the wrench arm can be milled short.
In light rigging technique, we often place backup
anchors at rebelays, doubling the frequency of our
wrench use. A ratchet wrench can be useful in this
case, though it doesn't work well with rings. Fa-
com has come out with an excellent time-saving
flat wrench: you don’t need to remove the end
between turns, This is expensive but more efficient.

The wrench should have a 3-mm attachment
loop or something similar to prevent it from disap-
pearing down a pitch. When de-rigging, we've seen
our share of scatterbrains who had to re-descend
the pitch (or pitches) in search of their indispens-
able wrenches!

Finally, the wrench needs to be accessible: some
cavers wear it on the wrist, held in place with two
rubber bracelet bands, one of which serves as a
wristloop; others wear it attached to the harness
belt with a small carabiner.

Pouches

Various pouches allow us to separately protect,
store, transport, and access specific equipment like
surveying gear, camera gear, the pontonniere, and
climbing gear. Some pouches can be worn on the
harness belt for better accessibility, with a short
skirt liner to protect their contents. A drawstring
closure is the most convenient: Velcro and zipper
closures quickly become caked in mud and ren-
dered useless.

We will talk more about food intake in the next
chapter, but before we can eat underground, we
need to pack, carry and prepare the food effec-
tively. As for transport, the method of choice is the




watertight drum. The 3.5 and 6-litre models are
perfect for such use.

Food should be appetizing yet relatively sturdy,
well padded (for example, between slices of bread,
or protected by an extra shirt wrapped in a plastic
sack), and packed carefully in individual plastic con-
tainers, reinforced with a thick rubber band. These
containers should also be separated from each oth-
er (with open cell foam padding for example).

In alpine caves, it's always nice to have some-
thing warm to eat and drink. The best stove is the
Esbit: it's light, compact, inexpensive, and almost
indestructible. It is basically a galvanized steel box
that is flat, compact and sturdy, and folds down
with two riveting half-lids.

When opened, the stove forms a burner onto
which the cooking container is placed. When
closed, it becomes the compartment that holds the
solid fuel blocks. This kind of fuel has several ad-
vantages: it can't be spilled, doesn't leak, is not af-
fected by blows or low temperatures, and keeps
almost indefinitely. Of
course, it doesn't have
the higher heat energy
of propane or gasoline,
but it has enough for our
use, i.e., boiling a cup of
water for a warm drink
or an instant meal.

There are two kinds of

fuel that are available in
solid form: the kind that
comes with the stove is insensitive to humidity but
toxic. Its competitor is sensitive to humidity but
non-toxic, and it’s best for the latter reason. You
may not be able to completely avoid eventual con-
tact between the fuel and your food during trans-
port, but you can wrap the stove and fuel sepa-
rately in a plastic bag with a semi-watertight
closure, which should be replaced periodically.
Place this near or inside the cook pot, which should
be compact and light (made of aluminum rather
than stainless steel) and should have a lid for faster
heating. Your pot can also double as a bowl or
plate, washed out with a bit of warm water be-
tween uses. For less abusive users, a small plastic
cup might also be added.

Finally, a knife and spoon with shortened han-

dles will complete the set.

A few words about the knife: its usefulness goes

well beyond mealtime. It can in fact play a key role

Fig. 120 — folding
insulated cup
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Fig. 121 - Esbit folding solid
fuel stove

in many situations: to cut rubber bands from a
piece of inner tube, to cut rope during an explora-
tion or triangles of cord when practicing cord tech-
nique, to scrape out the screwbase on a carbide
generator, etc, And the knife is essential for caver
self-rescue or small party rescue techniques that re-
quire cutting the rope (see the chapter M).

Don't store your caving knife with your food; it
needs to be readily accessible for these uses at all
times. Attach it to a 2-mm cord and wear it be-
tween the caving suit and under suit, or place it in
the pocket of the caving suit if it has one. Choose
the flattest, least bulky model with a tough, sturdy
stainless steel blade. If it does not come with a cord
hole, pierce one in the handle to attach a carrying
cord.
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Physical and
Mental Aspects

f you want to get the most safety, efficiency, and satisfaction out of caving, it is not enough to have the

best equipment, or even the most technical knowledge. These conditions are necessary, but insufficient

in and of themselves. You must also be prepared both mentally and physically before going under-
ground.

This is an important point, although cavers do not always give it the attention it deserves. In fact,
human error is often the weak link in the chain of caving safety. Even when well-equipped and well-
trained, some cavers risk venturing underground without possessing all the necessary means to do so; for
example, you haven’t eaten properly or lack the proper mental preparation required to face the harsh and
often demanding conditions below. In essence, you have not “broken in” the machine with adequate
training and preparation.

Before throwing the doors open to the world below and approaching the third section on caving
techniques, recall some basic principles that everyone already knows to some degree, though we may not
all master or practice them correctly. Far from focusing on dull, theoretical models, we will remain specific
in our treatment of this essential aspect of caving preparation.

G Physical Resources

sport and cavers have managed to avoid some of the more unfortunate by-products of spectacle
sports such as fraud, drug use and greed. At the same time, they find themselves sheltered from the
glory and fame that would normally come with popular recognition of their achievements.

If we “compete” underground, it is usually neither against a stopwatch nor an adversary. We struggle
with ourselves, not necessarily pushing our limits, but making our minds and bodies to work together in
harmony. Caving requires only good physical and mental health, which implies an excellent knowledge of
the self, the body and physical and mental limits, a balanced diet and steady training, and regular mainte-
nance and care - just like a well-oiled machine!

And that is all. Caving requires neither an exceptional physique nor any greater physical ability than the
average person might possess. You only need to follow a few basic rules in order to play your cards right.
These rules become clearer when you remember how your muscles function.

D espite some (fortunately) unsuccessful attempts to the contrary, caving remains a non-competitive
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The body must produce and use energy in order to
maintain good muscle function and proper reac-
tion to outside stimuli, and the source of this ener-
gy comes from the food we ingest. This food comes
in the form of carbohydrates, fats, and proteins.

In general, the first two kinds of food provide
the energy necessary for the body, and especially
the muscles, to function properly. Proteins, along
with mineral salts and vitamins, ensure tissue
growth and maintenance. Everything is digested
and put to work (metabolized) in the body through
different physiological processes.

As with any mechanical system, a large part of
the energy that is provided to the muscles is lost in
its transfer. Only one quarter of the energy we con-
sume is actually transferred into work (i.e., muscle
contractions). The other three-quarters are lost as
heat, a byproduct of the mechanical process that
turns energy into work.

Mother Nature always has a plan. In order to
feed the muscle tissue, she did not put all of her
eqggs in one basket. According to the type of effort
required of the muscle — short or prolonged, nor-
mal or intense — four different processes may be
used: two are aerobic and two are anaerobic. Each
process has its own reaction, storage and replace-
ment times.

To better define the practical rules for our con-
duct underground, we will look more closely at
how the muscles function.

1.1 Endurance Work and Aerobic Energy
Production

When we travel through a gallery at a moderate
speed or do an easy climb, our muscles work at a
moderate rate and are able to keep up this steady
rhythm for a long time. This is called endurance
work. In this situation, our body acts like an inter-
nal combustion engine that runs on simple fuels:
carbohydrates (simple or complex) and fats (lipids)
are consumed as fuel in the presence of the oxy-
gen we breathe. Because oxygen plays a key role
in this metabolic process, we call it “aerobic.”

If there is a sufficient amount of fuel in the body
(which is usually the case if we eat a balanced diet)
the muscles’ ability to produce energy will be de-
fined by the capacity of the respiratory and cardio-
vascular systermns to supply additional oxygen to the
muscles. When the body can no longer supply ad-

ditional oxygen, energy production becomes
anaerobic. This transition point is called the VO?
max, or aerobic threshold, and is mostly genetically
determined. So when it comes to exercise, we are
not all created equal ! The aerobic threshold reach-
es its maximum around the age of twenty, and be-
gins to drop off around age forty.

Two aerobic processes coexist in the body, one
fuelled by fats and the other by carbohydrates.

Fat metabolism

Fat metabolism is an important source of energy,
given the body’s accumulation of fat reserves. Fat
metabolism is a slow process, providing only 25%
of the maximum muscle contraction intensity, but
it can be sustained for a long period of time.

Aerobic glycolysis

Glycogen is a complex carbohydrate (sugar) that
is stored in the liver and muscles. Its consumption
in the presence of oxygen, called aerobic glycoly-
sis, is complete and releases a great deal of energy.
This process is highly efficient as it operates on
some dozen seconds of inertia and can be main-
tained for hours. However, it can only provide
about 40% of the maximum muscle contraction
intensity, so intense effort cannot follow from this
process. Glycogen levels are replaced through the
absorption of complex carbohydrates such as pasta
and rice.

1.2 Strength-based Exercise and Anaero-
bic Energy Production

When the demand on the muscles becomes too
high and the aerobic threshold limits oxygen trans-
port, other methods of energy production take
over. These processes doe not require oxygen and
are thus called anaerobic. When muscle functions
become anaerobic this effort corresponds to
strength-based exercise. When caving, we encoun-
ter this level of effort when we negotiate a diffi-
cult crawlway or when we quickly climb a pitch.
Here again, two distinct processes can intervene.,

Anaerobic glycolysis

Glycogen can only be partially metabolized in
the absence of oxygen, and only a third of the en-
ergy resulting from its combustion can be used,
rendering this process less efficient. Anaerabic gly-
colysis also produces lactic acid (lactate) as a by-
product, which is responsible for muscle soreness.

-s
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In exchange, anaerobic glycolysis allows the mus-
cle to reach 60% of its maximum contraction in-
tensity, and only requires a few seconds to be put
to work. However, it can only be maintained con-
tinuously for a few minutes, depending on the lev-
el of glycogen reserves stored in the muscles. These
levels also require several hours to be replaced.

Phosphate degradation

Phosphate compounds, such as creatine phos-
phate, exist in very small amounts in the muscles as
a sort of specialty food. During a process called hy-
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drolysis, the phosphate compound degrades, re-
leasing energy. This energy isimmediately available
for use and allows 100% of the maximum intensity
for muscle contraction. Once exhausted, however,
phosphate restoration is slow, making it a privi-
leged agent for short, intense energy output, which
we encounter only rarely while caving.

1.3 Some Easy Guidelines

Endurance-based exercise ensures the best output
by using the body’s abundant energy reserves and
it is this kind of work that we experience most while
caving. On the other hand, strength-based exercise
should be avoided as much as possible, as it has
another drawback : in direct proportion to its high-
er fuel consumption, this process also releases much
more heat to produce energy. The body uses per-
spiration as a means of regulating internal temper-
ature, and this too has a negative side effect: be-
cause sweat is salty, a deficiency in sodium chloride
develops, resulting in painful muscle cramps.
Cramps are a warning sign that you should heed
immediately by allowing the muscles to rest and
the body to restore its depleted salt and water re-
serves.

You should reserve strength-based activity to the
shorter, more physically demanding passages that
you will inevitably encounter along the way. Size
up these passages beforehand so as not to waste
precious energy on failed or inefficient attempts
at passing them — a classic error for beginners. If
the passage is too physically challenging, it should
be rigged to allow cavers to get through it under
more "aerobic” conditions.

As you travel through the cave, you should be
able to recognize the moment when you change
from endurance-based to strength-based exercise.
Fortunately, this is easy: breathlessness is an obvi-
ous and logical sign of the moment when pulmo-
nary respiration reaches its maximum and when a
lack of oxygen releases the mechanisms for
strength-based work. The heart beats harder, try-
ing to pump enough blood to carry essential oxy-
gen to the muscles. As long as you are able to talk
while moving through the cave, your body is still
working aerobically, and all is well. If you are too
breathless to talk, slow down to avoid pushing
yourself into anaerobic mode. Naturally, the ap-
pearance of this signal in the less aerobically condi-
tioned team member should signal the whole team
to slow down.
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2.1 Water Needs
Water comprises 70% of our body mass, and it is
present in our every cell. It serves as a means of
transport for dissolved molecules, it helps in the
elimination of waste products through urine and
through evaporation of perspiration on the surface
of the skin, which also helps regulate the body’s
core temperature during heat-generating exercise.
Perspiration is therefore a natural and beneficial
phenomenon that should be facilitated. Unfortu-
nately, wearing a caving suit very clearly impedes
this process: your undersuit soaks up all your sweat
and you stay wet. This is why you should open your
caving suit as soon and as often as possible while
moving through the cave, and take the top off
when you stop to rest. As soon as you start to feel a
chill, either put the top back on or start moving
again.

Just by perspiring, we can lose up to three-quar-
ters of a liter of water per hour. Drink often to com-
pensate for this water loss, as well as some salts
(potassium and sodium) to compensate for their
loss in the muscle tissues, as mentioned above. A
nice, warm soup is thus not only pleasing but ef-
fective. If you do not drink you risk dehydration,
sometimes without even realizing because your
clothes stay damp. Dehydration can sneak up on
you, and it is particularly dangerous because it re-
duces muscular output and produces cramps, diz-
ziness, exhaustion, vomiting and - in the most seri-
ous cases — can lead to kidney blockage and failure
of the urinary system.

If drinkable water cannot be found in the cave,
you should carry it with you (about one and a half
liters per person). It is nice to know the bottle will
be empty - and lighter - for the climb out! In some
caves, nearby pastures or water treatment plants
could be a source of contamination to the under-
ground water supply. There are two solutions to
this problem: take in water from the outside, or
gather the water in the cave and treat it (especially
if there is a camp). The most effective method
is treatment with chlorine solution or tablets. Re-
spect treatment times before drinking the treated
water.

2.2 solid Foods: The Balancing Act
To perform properly, the body requires food in var-
ious forms. For building and maintaining tissue, it

needs dietary protein (meats, eggs, cheese, dry le-
gumes), mineral salts (sodium, potassium), water
and vitamins. For energy it needs carbohydrates
and fats. The latter can be found in animal fats and
oils, while carbohydrates can be grouped into sim-
ple sugars (refined sugars such as cane or beet sug-
ar, corn syrup, lactose, fructose, etc.) and complex
carbohydrates (flour, potatoes, pasta, rice). Simple
sugars are very small molecules that are easily and
rapidly metabolized, while complex carbohydrates
are larger molecules that carry a longer chain of
sugar molecules and therefore take longer to me-
tabolize.

These products should be present in your daily
intake as approximately:

* 50 % carbohydrates
* 30 % fats
* 20 % proteins

To stray too far from these proportions may lead
to various imbalances and to health problems.
Rather than become a slave to calorie charts, you
need only follow a few simple guidelines to main-
tain a balanced diet.

Breakfast in particular should be at least as sub-
stantial (and nutritious) as lunch, which is far from
the norm for many of us: we start our days on an
empty stomach and go to bed at night after a copi-
ous dinner with our stomachs full. We should in
fact do the opposite: begin the day by giving our
bodies more energy that can be used throughout
the day when we are most active, and eat a light
dinner.

A good breakfast would include milk (protein,
fat), fruit juice (simple sugars, vitamins) and bread
(complex carbohydrates) spread with butter (fat)
and honey or jam (simple sugars). Cereal (complex
carbohydrates) is another good choice, andfor
some bacon or ham and eggs (protein).

Lunch could also be substantial, including a sal-
ad or raw vegetables (vitamins) and a portion of
meat or fish (protein) andfor cooked legumes (fi-
ber and carbohydrates) with a preferably uncooked
fat, such as olive oil or butter. Finish with some
cheese, yogurt or a dairy dessert (protein, fat).

Dinner should be lighter but just as balanced,
and preferably meatless.

Avoid snacking in front of the television, as
much for your mental as your physical well-being.
And it is best to limit alcohol consumption —though
they say a glass of red wine per day is good for
cardiovascular health!



Overall, daily food intake should be proportion-
al to your level of physical activity: too much food
will lead to weight gain or obesity caused by an
excess in dietary fat and sugars, stored as fat in the
body when they are not metabolized.

Eating in the cave

If you eat a balanced diet on a daily basis, this is
easy: a few infringements on the rules during a
weekend of caving will be inconsequential. Plan
on storing up some fats and complex carbohydrates
during the day or two preceding the physical activ-
ity. On the morning of the outing, breakfast should
be at least as copious as on normal days. When
underground, stick to your normal lunchtime, so
as not to upset the body’s internal clock. In any case,
such a break in activity is always welcome and reju-
venating, the perfect opportunity to heat up a
warm cup of soup, which will replace important
salts and fluids lost during the morning activities.
You may want to add some cheese and cold cuts
(in moderate amounts), bread, and a dessert. If
your portions are a bit small, this should not have
any negative side-effects since the body wifl begin
drawing on its fat stores for the extra energy. The
resulting weight loss should be compensated with-
in a few days. Keep some dried fruits or energy bars
in your pockets to ward off any sudden dips in en-
ergy level, as these simple sugars are rapidly assim-
ilated.

However long your trip may be, your choice of
foods should depend on your own preferences and
common sense. Avoid soft or perishable foods such
as fresh fruit and liquids, though the new water-
tight, durable containers now provide better pro-
tection for these products. Stay away from excess
packaging, but don't throw out those good reci-
pes! Choose products that are pre-cooked or that
can be heated quickly. Avoid foods that contain a
lot of water, as they add extra weight. Choose in-
stead freeze-dried or dehydrated foods that can
be reconstituted on site. Some of these products
are found easily in stores in individual portions.
Bringing your own food rather than sharing meals
with your team members will allow you to eat what
is more to your liking. Bring along some simple con-
diments and bread, preferably whole grain, finish
with hot chocolate or tea, and set out again with a
warm, satisfied stomach.

Avoid heavy meals since they take longer to di-
gest. This is not conducive to increased physical ac-
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tivity because the body throws its energy into the
digestive process, making you more lethargic. The
longer the exploration, the lighter and more fre-
quent the meals should be, providing steady and
sustained fuel for prolonged efforts.

For longer underground camps, maintain nor-
mal dietary habits for the most part, with an addi-
tional intake of fats and carbohydrates as well as
Vitamin C to compensate for increased physical ac-
tivity. In camp, breakfast should be copious, with
cereals, whole grain bread with butter and/or jam,
cookies or pastries, biscuits, and hot chocolate or
coffee with milk. Food intake during the day should
be the same as with day trips, including a lunch-
time meal and energy bars for a quick energy boost
when necessary. In the evening, a pleasing dinner
with soup and a hearty, high carbohydrate main
course and dessert is the best way to end a long
and satisfying day of caving. Finish with a hot herb-
al tea before slipping happily into your sleeping
bag and...good night!

L

Even if you eat correctly and regulate your activity
so0 as to stay within the parameters of aerobic-
based exercise, there will inevitably come a time
when glycogen stores in your muscles become de-
pleted, blood sugar (glucose) levels fall, and acids
start to accumulate in the muscle tissues, prevent-
ing proper muscle function. At this paint, your body
needs to stop all activity and rest in order to recon-
stitute its energy reserves. This is best accomplished
during sleep. Fatigue must not be considered asign
of weakness to be overcome, but a normal and use-
ful signal from your body that you must not ignore.
Symptoms of fatigue include sleepiness, decreased
mental faculties (esp., ability to evaluate a compro-
mising or difficult situation), weakness and the in-
ability to even briefly change to strength-based
exercise (using muscle strength), and lack of motor
coordination, which may outwardly resemble
drunkenness. If these symptoms appear, it is time
to STOP!
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If we do not listen to our bodies at this point, we
risk exhaustion, a state of profound physiological
distress that can lead to serious and irreversible
consequences. These are the result of three pro-
cesses:

4.1 Hypoglycemia

As we discussed above, the blood transports glu-
cose from the liver to the muscles, where it is used
as energy. If glucose reserves are exhausted, the
blood glucose level drops, resulting in dizziness and
blurred vision, and may lead to loss of conscious-
ness.

4.2 Dehydration

As we noted above, dehydration is insidious be-
cause it is often difficult to detect while caving,
since it can occur even when we are in an environ-
ment of 100% humidity, saturated in wet clothes,
Lacking water internally, the body cannot eliminate
waste through urine or regulate its internal tem-
perature through perspiration (which then leads
to hypothermia).

4.3 Hypothermia
A hot pan removed from its heat source eventually
cools off. Likewise, the body, deprived of heat-gen-
erating energy, will eventually experience a de-
crease in its core temperature. To fight against this
mortal threat, it stops
sending warmth (blood) to
the extremities: sensation
is lost in the fingers and
toes, and the victim be-
comes clumsy. The body
will also begin to shiver
uncontrollably, trying to
generate precious heat,
Shivering results in a fur-
ther loss of dexterity. Once
these last reserves are
burned up, movement be-
comes impossible as the
victim sinks into a deep
lethargy and the will to
live quickly fades. Once its
temperature drops to
357 C (92° F), the body
gives up, abandoning most

of the organism to its fate in order to concentrate
on feeding the brain with oxygen, despite a severe
reduction in heart rate. The end is near if the med-
ical team doesn't arrive in time to rehydrate, insu-
late and rewarm the victim.

4.4 Precautions

The consequences of exhaustion are so serious that
you should never allow fatigue to get too close.
There is absolutely no shame in turning back. To
want to continue so as not to impede the team'’s
progress could result in much more serious conse-
quences than finishing the exploration at a later
date. This is a risk you cannot afford to take even if
you think you are helping the team. Remember
also to pay close and discrete attention to the phys-
ical and mental state of your team members, to
avoid any future accidents or incidents: confusion,
breathlessness, bad temper or giddiness, paleness,
shivering, and general lethargy are important ear-
ly-warning signals that you should recognize be-
fore it is too late.

The onset of fatigue and exhaustion is even fast-
er when the body is weak. Poor health, a sickness
or injury, and antibiotic treatments should keep
you from participating in longer or more involved
trips, even if your colleagues depend on your par-
ticipation for the success of the exploration. It
would be better to wait for a later date, when your
physical capacities are at their best and forced in-
activity has intensified your motivation !

Photo F. Le Guen
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underground unleashes a feeling of desire, excitement and expectation. This is certainly the first

For a caver worthy of the name, the cool darkness of a cave is seductive, and the simple idea of going

guarantee of a successful trip, both in terms of personal enjoyment and the end results. But there are
times when we are lacking in motivation or confidence, and in such situations we must seek out the root

of this apathy.

We find this most often in the beginner who has
not yet assimilated the fine art of cave exploration,
and who can legitimately doubt his ability to over-
come some of the difficulties of exploration. With
time and experience, the caver will come to master
the diversity of situations he encounters, and learn
to react appropriately and positively to unexpect-
ed or exceptionally difficult circumstances. This ex-
perience is a strong factor in creating self-confi-
dence, having a kind of snow-ball effect as it leads
the cave explorer to progressively meet and over-
come greater difficulties and to further improve his
composure and confidence.

Even if he hesitates to fully participate in prepa-
rations before an outing, the beginner should none-
theless be ready to ask the advice of more experi-
enced members of the group whom he trusts, and
especially of the trip leader. He can then determine
his own conduct according to their responses. He can
be assured that those who encourage him to join
them will be more ready to guide him in his tech-
nigque and his progress underground, On the other
hand, he shouldn't feel resentful toward those who
discourage his participation in a group whose com-
petencies are higher than his own. They are in fact
doing him a favor by doing so, and it is in everyone’s
interest that he not be pushed beyond his limits.
He'll eventually have his chance at more challenging
trips, as long as he doesn't burn any bridges!

Lack of interest in invitations to participate in
weekend trip may reveal an as-yet unrecognized
iliness or psychological problem, perhaps one
which only your subconscious has so far detected.

This latent dysfunction can only reduce your
body's physical and mental capacity to function at
an optimal level. If the goal of the trip is at all phys-
ically demanding, it is best to wait for a better time
(which will undoubtedly come) or fall back on an
easier trip, rather than force yourself in order to
please a friend or prove something to yourself.
Don't force nature; doing so could cause unneces-
sary pain or hardships.

While both physical and mental aspects clearly
interact with one another, the ability of one to in-
fluence the other is limited. Physical mechanisms
don’t depend entirely on the mind, and the latter
doesn’t have the power — at least, in most situa-
tions — to make the body perform beyond its phys-
ical limits. In an exceptional environment like the
one we find in caves, such a sublimation of our
physical limits can be hazardous and the after ef-
fects painful, in both the short and long terms.

If you want to push your physical limits in a real-
istic and lasting way (through increased strength
and endurance), you cannot do it by breaking the
laws of nature. However, you can through proper
training.
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challenging. Since it requires the body to mold itself to the varying shapes of the rock, it partic

While you do not have to be a trained athlete to be a good caver, this sport is rather physically

ularly works some muscles groups that get little use in our normal daily activities. After a good,
long belly crawl, for example, many cavers are sorely reminded of some muscles they did not even know
they had ! This brings us to the importance of preparation and regular training, especially if one is accus-
tomed to a rather sedentary lifestyle, as is often the case for city-dwellers.
The benefits of training are twofold: increased endurance and improved strength.

1.1 Improving Endurance

Training conditions and strengthens the heart by
increasing the rate and volume of blood that it
pumps. As the heart increases in volume, its capac-
ity to pump greater quantities of blood also in-
creases and it can send more oxygen to other mus-
cles. The aerobic threshold can be pushed back,
allowing the body to remain longer in aerobic
mode where it can use its energy reserves most ef-
ficiently.

Similarly, developing lung capacity also has ben-
eficial effects, since an increase in pulmonary sur-
face area allows the lungs to transfer more oxygen
to the blood (per unit of time). Unfortunately, this
isn't so helpful in those tight chest squeezes!

Training also significantly increases the amount
of time the body can remain active at a given per-
centage of the aerobic threshold before fatigue
and exhaustion set in. This is clearly advantageous,
considering the long duration of many caving trips.

Another benefit affecting muscular efficiency:
when the body works aerobically to supply the
muscles with energy, regular training increases fat
metabolism and proportionally decreases the pro-
cess of glycolysis. Precious glycogen stores are then

left intact, and fats — which are stored in greater
quantities throughout the body — are burned in-
stead.

1.2 Improving Strength

The heart is not the only muscle that benefits from
training. Every muscle in the body is affected, each
one growing in volume and developing better vas-
cularization, two conditions that help increase
muscle strength and improve performance. And
with more strength, the muscles can hold up longer
when pushed to their upper limits.

By following the movements and techniques that
others have shown you, you can refine and opti-
mize your own movements. This process is almost
unconscious, less a result of the desire to improve
than of an almost random series of attempts, mis-
takes, and fine-tuned corrections that will eventu-
ally improve your form.

We don't realize how much variability we pos-
sess in our movements, and the choice of gesture
invariably affects our efficiency. However, these
repeated movements become so refined and famil-
iar that they are almost second nature. With im-




proved form, you no longer have to pay attention
to the accuracy of every move, and you exert less
energy while moving efficiently through the cave.
Once acquired, these automatic movements are
only lost after a prolonged suspension of activity.

When you begin to feel the onset of fatigue,
you will need to count on these automatic move-
ments. This will allow you to concentrate on vary-
ing conditions in the cave — crucial for safety — with-
out needing to think about technique.

3.1 Aerobic conditioning in the city
There are many ways to train aerobically, even
though modern life seems to have left many of us
with fewer open, natural spaces in which to do so.
But taking the stairs instead of the elevator is al-
ready a good start! In most cities, the local gym or
fitness club, municipal swimming pool, and stadi-
um are all possible training grounds. Choose any
activity that lends itself to aerobic conditioning,
such as race-walking, jogging, or swimming.

3.2 Aerobic conditioning outdoors

For most people, it is much more fun to exercise in
a natural, outdoor setting. Cross-country running
or skiing, hiking and mountain biking are some
good examples of activities that allow you to con-
dition your cardiovascular and pulmonary systems.
Rock climbing is useful for developing technique,
while practicing vertical caving techniques on a
nearby cliff is an even better way to train for real
caving situations. This also allows you to practice
rigging techniques such as setting anchors, rebe-
lays, and redirects. Once the “course” is set, you
can practice moving up and down the rope.

3.3 Strength Training

Strength training is complementary to aerobic con-
ditioning. Many sports use strength training, so you
are not for lack of choices. However, one of the
most effective activities for a caver is simply to climb
a cable ladder over an extended period of time. At
first, you may be tempted to practice climbing rope
using an ascending system, but setting up a device
that allows you to feed enough rope (through a
rack or pulley) to climb a long distance is complex
and requires outside assistance. Moreover, since the
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rope is not fixed, climbing movements are rather
jerky and less rhythmic than they would be in a
real caving situation.,

On the other hand, climbing a cable ladder rath-
er than a rope is ultimately more effective and
more physically demanding, not only because it al-
lows more rapid and rhythmic vertical movement,
but also because it is just as tiring to dimb down as
itis to climb up.

By simply installing a five-meter long ladder un-
der an awning or a bridge, in a tree, a garage or a
gymnasium, you can immediately have access toan
excellent means of pushing your limits. On such a
modest height, you don‘t need to attach a safety
device. This will allow more rapid movement up
and down the ladder. Breathing, arm and leg
strength, balance and coordination are all used in
this simple and effective exercise. Before an espe-
cially demanding exploration or just to shape up
after a prolonged period of inactivity, this exercise
will be even mare useful if you regularly increase
the number of repetitions. After one or two weeks,
you will find yourself in excellent shape and able
to confidently climb out of the most daunting se-
ries of underground pits.

3.4 Training in Caves

Do we even need to say it? The best, most natural
way to train for caving is by going caving on a reg-
ular basis — every weekend, if possible. Thus, while
the body is being conditioned and strengthened,
you will also develop the experience that is indis-
pensable for good technique, as well as your own
safety and enjoyment underground. After con-
fronting newer and more challenging situations,
you will no longer need to think about your every
move or the strength you will need to get through
difficult passages. Once you are at the top of your
form, you will be free to follow your passion, fo-
cusing your energy and attention on exploring the
cave, in all its complexity.

Now that you and your equipment are ready, it
its time to tackle the reality of the cave itself. Let's
now step into this dark realm, with determination
but also with respect, and learn what will be need-
ed to overcome the various obstadles that lay ahead
on this path of discovery.






Underground

J Moving Through the Cave

kinds of obstacles nature sets in your path. In horizontal caves and many large walking passages,

| | ow you travel through the cave and whether you need specific equipment to do so depends on the

effective use of your arms and legs, handholds and footholds, and balance will often allow you to
get by without many cumbersome accessories. This accounts for a majerity of the time you spend under-
ground, and you can take advantage of these opportunities to improve efficiency whenever possible. You
learn to move faster and better minimize your impact on the rock, and if you are conscientious, only your
footprints and some minor scrape-marks should betray your passage. Unfortunately, broken formations,
clay stains, black carbide inscriptions or piles of spent carbide are sometimes left behind as evidence that
less responsible groups have been underground. At all times, each of us has a responsibility not only to act
conscientiously, but also to be vigilant with others in protecting the cave against abuse and degradation.
While we may not be the owners of these natural treasures, we are often their only true caretakers.

No matter how much you twist and contort your
body, two types of situation will inevitably require
additional equipment: vertical pitches and stream
or river passages. Aside from short climbs (no more
than the height of an average person), you can only
rarely overcome a vertical passage safely without
the help of a rope. Using one requires technical
training and good physical condition. As for water
passages, consider the potential risks inherent in
these attractive yet hostile environments: rapid loss
of body heat, the depth of the water and force of
its current, and sudden changes in flow rate. We
will consider specific scenarios in greater detail in
the following pages, but let us first look at some
general rules that apply to all situations.

First of all and in all circumstances, think before
you act. Attacking any obstacle without some fore-
thought will inevitably result in a waste of energy,
failure, or even an accident. A quick analysis of the

obstacle at hand and your capacity to manage it is
indispensable. Fortunately, experience will teach
you to decide quickly and correctly; based on past
situations, you can more precisely evaluate the lev-
el of difficulty of a given passage and your ability
to manage it without assistance. You can then act
quickly with the most effective solution.

Rhythm is equally important. It should be regu-
lar, and your level of exertion such that the body
remains in aerobic rather than anaerobic mode. We
have just discussed this topic in the previous sec-
tion; now we must put theory to practice. For those
who were so impatient to get underground that
they skipped the previous chapter, recall this sim-
ple sign: when you can no longer walk and talk at
the same time, this is when you have moved out of
aerobic mode. The team should generally maintain
the rhythm of the person who is most quickly out
of breath.
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1. Travelling Without Gea

1.1 Walking and Horizontal Passages

In relatively level horizontal passages, cavers usu-
ally carry their personal gear and suppliesin a small
caving pack. The simplest, most effective way to
travel in walking passages with minimal impact on
the cave is by following the same path left by pre-
vious parties or your fellow team members, care-
fully avoiding more sensitive areas (with flowstone,
stalactites, stalagmites, rimstone dams, and miner-
al deposits, for example). By establishing a path-
way at the outset — discrete yet recognizable to
future visitors — others will be less likely to venture
into pristine areas, thereby minimizing unnecessary
degradation of the cave.

Walk with your arms dangling and hands down,
following the most level path and avoiding need-
less elevation changes—even if this means taking a
slightly longer route. This will help you conserve
energy. Keep one eye on the path directly in front
of you to help place your steps, and the other on

the path further ahead to help determine your
overall direction and itinerary. Since the ground is
naturally uneven, pay attention to where and how
you step, so as to maintain good rhythm and bal-
ance.

When a team member falls behind, the leader
needs to slow down, If the slower team member
continues to lag or falls even further behind, the
leader should stop. In the latter case, the leader
should not take off again as soon as the slow one
catches up; this deprives him of the rest the other
team members have been able to enjoy, and that
he most likely needs.

Even when the team moves together at a steady
pace, a brief pause from time to time is a welcome
benefit to all. This allows your body temperature
to adjust, as this tends to rise during exertion. To
keep from overheating, the body releases perspi-
ration that cools the skin upon evaporation. But,
as we have already mentioned, the cave environ-
ment is humid and the caving suit traps perspira-
tion, preventing the proper functioning of your

Sof Omar Cave, Ethiopia. Photo U. Widmier



body's natural cooling mechanism and leaving you
soaking wet. To prevent this, open the upper part
of your suit when travelling through dry walking
passage, or remove it completely if the passage is
long. Otherwise, take short, regular breaks, each
time remembering to open your suit immediately
to allow accumulated water vapor to escape. At
the first shiver, close your suit or start moving
again. If you remove your gloves and they aren't
too muddy, place them between your caving suit
and under suit, or sit on them. They will stay warm-
er, and putting them back on will be more pleas-
ant — or, at least less unpleasant, depending on
their condition |

Stooping passages and crawlways
Stooping positions include stooping, duck walk-

ing and hands and knees crawling. Depending on

which one you take, you should carry your pack:

* on your back over one shoulder, so it can easily
be removed if the pack begins to scrape too
much against the ceiling (fig. 122);

* on a tether attached to your harness or belt, as
long as the ground is not too rough;

* unattached and pushed or carried in front of you
with the side handle as you advance (fig. 123);

« or unattached and carried by hand, with the
forearm resting on the leg and following its
movement.

You can minimize fatigue and sore muscles by
varying your position as you move.

Fig. 122 — Travelling In a crawlway with the pack worn over
ane shoulder,

Fig. 123 - Pack carried or pushed in front while crawling

Canyons and meanders

Canyon passages are high, narrow passages that
sometimes require extra effort for travel. Except in
extremely narrow or water-filled areas, you will
usually move through these passages in upright
position at ground level, with your pack on your
back. If the passage narrows and you need to con-
tinue sideways, carry the pack with one strap over
the shoulder (fig. 124), or by hand using the side
handle or top closure and resting the pack on the
front leg (fig. 125). Some packs have a handle at
the top that is more ergonomic for the hands and
wrists and easier to carry in these situations. if mov-
ing at ground level is not possible, you can some-

Photo P Crochet
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Fig. 125 —Car-
rying the pack
in front using

the side handle
with the arm

4 resting as much |

i‘ S as possible on

e the front thigh. /

Fig. 124 — Moving through a meander
with the pack warn on the rear shoulder.

times find ledges that are wide enough to allow
continuation in a walking position...or they may
require you to move in opposition.

1.2 Opposition: Chimneys and Traverses
When the floor is inaccessible or impracticable, it's
time to find a higher route, using footholds in the
walls and a technique called opposition (or strad-
dling). In this situation, the cave pack often hangs
on a tether from the seat harness maillon {fig. 126).
Its weight is thus transferred from your back to your
legs. However, if you risk dragging the pack
through water or jamming it into a crevice, you
may have to carry it on your back or attach it to
your belt with a shorter cord.

The simplest way to move in opposition through
a meander - when the width allows it —is by facing
forward with each foot and corresponding hand
on opposite walls, straddling the empty space be-
tween. This is classic opposition. You will often find
footholds in the unevenness of the rock to help
you along (ridges, outcrops, nodules, hollows, etc.;
fig. 127).

If the walls are smooth, you must rely on fric-
tion and the tension you create by pushing out

Fig. 126 — Pack
tethered from the
seat harness

firmly against both walls. Be especially careful of
loose sediment or a thin layer of mud on the walls;
these can make each step slippery and precarious.
In such situations, only sheer pressure will create
the friction you need to proceed, and this requires
greater exertion.

When meanders are too narrow to allow fron-
tal opposition, you will have to move sideways,
with your back and bottom on one wall and your
feet and hands against the opposite wall. Depend-
ing on the shape and width of the passage, press
out on either feet or knees, always in opposition to
your backside (fig. 128). As you move sideways, you
should either have both hands on the wall behind
you, or one hand on each wall. When you move up
or down a narrow vertical passage using opposi-
tion technique, this is called "chimneying.”

As a general rule, the pack is tethered to your
harness in this kind of passage, but it may some-
times be thrown over one shoulder. You may want
to remove some or all of your climbing gear and
put it in the pack: this makes movement much eas-
ier and prevents wear on the gear.

If the passage narrows even more, you will have
to look for the best way through. As in crawlways,




travel becomes much more exerting, requiring you
to move and climb in opposition through a nar-
row, confined space. If the meander is sinuous, at-
tach your pack directly to the side of your harness
belt to prevent it from hanging too low and get-
ting stuck in crevices below you.

Wider meanders are less fatiguing, given they
have plenty of footholds. Opposition is easier and
more natural, with hands on one wall and feet on
the other. If the meander widens even more or if -
regardless of its width — the depth beneath you
present a significant danger in the event of a fall,
the passage should be rigged with a traverse line
or as a vertical drop.

1.3 Free Climbing and Down-climbing

Free climbing without gear is an excellent time sav-
er, but you should never compromise safety to save
time. Remember that your risks are compounded
by the cave environment; you must confront hu-
midity, darkness, muddy walls and clay deposits

Fig. 127 - Moving in opposi-
tion through a meander,

that haven't been cleared off by the usual process-
es of erosion that occur on the surface. When climb-
ing, there is one rule that should never be broken:
always have at least three points of contact, in case
you lose one. Any questionable holds should be
carefully tested and if there is any doubt as to their
reliability, they should be abandoned. If this is im-
possible and there are no other choices, these holds
should be used with the utmost care and delibera-
tion, and don‘t hesitate to rig a simple hand line.
When climbing in either direction, if the climb can
be cleared easily with a pack, this should be teth-
ered to the harness (or carried on the back if it
could get jammed somewhere), leaving the arms
and hands free to negotiate the climb.

When down-climbing over steeper slopes, face
the rock so that you can better see the holds. On
less precipitous slopes, you can climb facing the
slope - your back to the rock — with your pack teth-
ered to your harness or carried on your back
(fig. 129).

Fig. 1238 - Side-
ways opposition
through a nar-
row meander.
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Fig. 129 — Easy
down-climbing
facing the slope

* Key points:

Never lean backwards when facing the slope as
you down-climb. This is a common mistake and only
gives a false sense of security. In this position, the
feet can easily slip forward, leading to a more or
less controlled slide or fall. If you feel more secure
with your hands on the rock, you should instead
bend your legs and lean forward on your hands.

1.4 Constrictions
Constrictions can be the most dreaded cave pas-
sages, not only because they are exhausting but
also because confining the human body - espe-
cially the chest cavity — is unnatural and can lead
to psychological discomfort or distress. Before a
new or unfamiliar constriction, the group should
call on the smallest or most motivated caver to at-
tempt passage. The tighter the constriction, the
more self-contral you will need to move through
it. It is important to control your breathing, keep-
ing it calm and steady. To do so, move slowly, relax-
ing and resting as long as you need to before con-
tinuing.

Beginners in particular may panic, even ata con-
striction that was already passed on the way in!
Try to reason with the “victim,” speaking slowly

Patagonia. Photo L-F. Pernette
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Fig, 131 - Belly crawling through a low ¢rawlway, dragging
the pack on its tether

and calmly, reminding him that he can back up if
he needs to, take the time to rest, and then try
again. In more serious situations, you will need an
experienced, patient, and assuring caver to go
ahead through the constriction, turn around to es-
tablish visual contact, and help guide and encour-
age the panicked person through the difficult spot,
backing up as the latter moves forward.

Low crawlways

Low crawlways are horizontal passages that
have particularly low ceilings. They may be long or
short, wide or narrow, but they are always by def-
inition low. You may sometimes be able to move
through by duck walking in a stooped position (fig.
130) or by crawling on hands and knees. But most
of these passages require a flat-out (literally) belly
craw!: with elbows forward and out, head turned
and legs flattened to the side, move forward by
shimmying and sometimes slithering over the
ground, lifting your body alternatively with hands,
elbows, knees, and toes. Pushing and scraping
through tighter areas is especially exhausting and
will subject your caving suit to increased wear and
tear. The cave pack is usually tethered and dragged
between the legs; you can use your feet to help
guide and release it from occasional jams,

Fig. 132-1na
low, narrow
squeeze, helmet
and generalor
are removed and
pushed in front

Pinches

A pinch or squeeze is a punctual passage that is
low and narrow, in which the body is more con-
fined and can only advance with heavy scraping
and more pushing or pulling. Remove your vertical
gear and put it in your pack. Before proceeding,
study the passage carefully and decide how best to
fit into it. Extend one arm over your head and the
other down against your body so as to flatten the
shoulders. You may need to detach your generator
from your harness and hold it in front of you with
your lead hand, and you may have to remove your
helmet, which you should also push in front of you
(fig. 132). When moving your helmet be careful not
to burn your hands: your gloves can only protect
you so much, and melted PVC is no more pleasant
than a hot flame!

Moving packs through difficult crawlways may
require at least two people. Once out of the crawl-
way, the first person turns around, partially re-en-
ters it and pull the packs out as the next person
passes them forward one by one. Some teams at-
tach the packs lengthwise to a tether and pull them
through in all at once. If you know the passage well
and it is not too long, drag your pack behind you
on a tether. This works well enough for all but the
last team member: if the pack gets seriously stuck
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or a shoulder strap hangs up on a rock, there is no
one behind to release it. In more sinuous passages,
push or roll the pack in front of you; you can al-
ways back up and reposition it if it gets stuck.

Longer tube-like squeezes make travel even
more difficult. If the passage if relatively comfort-
able you can drag your pack behind you on its teth-
er, or push or roll it along in front of you (fig. 133).

If the passage is particularly narrow, move slow-
ly, keep your breathing steady and stay calm so that
you can think clearly about your movements. You
may have to make more than one attempt, back-
ing up and changing your position to find the right
fit. It is best not to drag the pack on its tether in
this case, as it could easily become stuck. Instead,
attach your packs to each other lengthwise and
haul them through on a section of rope.

Vertical or sloping constrictions

Tethered to your harness, your pack should be
lowered down first when you are descending
through a sloping constriction, and hauled up last
when climbing out. Any severe or newly discovered
constriction should naturally be attempted with-
out the pack. When climbing, you can lengthen
your tether by clipping it to a cowstail or your foot
loops, so it remains on the ground while you nego-
tiate the difficult passage. Moving through these
areas may call for some turning, twisting and
shimmying.

When descending, it can be very dangerous to
proceed head-first; gravity makes it especially diffi-
cult to back up in a narrow space. Even on slopes
that you consider less steep, tie a length of rope

around your ankle and have the person behind you
act as a belay. If you must back up, have them pull
the rope taut, bend your knee and pull yourself
backwards, wedge your body to avoid slipping and
straighten your knee, bend your knee again, and
50 on.

On steeper inclines, proceed feet first, belayed
at the waist by a team member and feeling around
with the feet for continuing passage and footholds.
If you get through without any surprises, you can
use the rope as a hand line on the way back up, or
add some loops and use it as an etrier. If the con-
striction is especially tight or doesn't go, install a
haul system or counterweight to assist the first
down in getting back up. If the constriction opens
onto a pit, this rope can also be used to relay the
equipment needed to rig the drop.

Constrictions in water

No matter how brief, a belly-crawl through a
water-filled passage means soaking the chest and
stomach and should be avoided. These are the last
areas of the body you want to get wet since they
hold a great deal of heat and are more sensitive to
chilling. If your torso remains in prolonged contact
with cold, wet clothing, you will lose additional
energy and warmth. Draining the water is rarely
an option (and impossible if you are moving up-
stream), as is digging a deeper channel (practically
impossible if you arrive from upstream). The only
other option is to avoid immersion as much as pos-
sible, lifting yourself gingerly on elbows and knees
and carefully avoiding submerged areas. In many
cases, this is easier said than done! The only sensi-
ble alternative is then to change into a ponton-
niere, and maybe even a cagoule. If the passage
only has a trickling of water from above, you may
be able to get by with a PVCsuit.

To temporarily redirect or interrupt a flow from
upstream, you can sometimes install a tarp, plastic
sack, etc.

1.5 Travelling in Rivers and Streams

Without water the underground world would be
forever silent and unchanging, and this is one rea-
son why water is an obsession of cave explorers.
Whether a babbling brook or a raging river, water
draws us to it and holds us transfixed. Serpentine,
erosive, cascading, corrosive, it runs its course, be-
witching and captivating the delighted explorer.
Following its path from confluence to confluence,



every caver seeks the system’s principle drain. Yet
he knows the great adventure will almost inevita-
bly end in the deep, green waters of a terminal
sump or the mocking gurgle of water disappear-
ing beneath some impassable obstacle. The water
will continue its mysterious voyage alone, toward
some unknown spring.

As beautiful and attractive as they may be, riv-
ers are one of the principle dangers of the under-
ground world and one of the most frequent causes
behind cave rescues. Repeated submersions, expo-
sure to waterfalls, low temperatures, increased ex-
ertion in attempts to stay dry — all help to acceler-
ate exhaustion and hypothermia. A sudden rise in
water due to an unexpected storm on the surface
can turn trickling pit cascades into roaring water-
falls, and waterways that have risen several meters
can become dangerous or impossible to pass. Sur-
prise can turn to panic, increasing the likelihood of
a fatal error. In the worst cases, this can result in
hypothermia and its consequences, or drowning.

To limit these risks, you need to have an accu-
rate weather forecast before venturing into under-
ground waterways.

P

The pontonniere

As soon as the water level is above your Wellies
and the cave walls are too far apart to permit a
traverse in opposition, consider wearing a ponton-
niere. Since it is delicate, look for a spacious chang-
ing area to avoid scraping and tearing this against
the cave walls or ground. Place an empty pack or
plastic sack on the ground where you will change.
The pontonniere is worn between the undersuit
and caving suit, with socks or neoprene booties
worn over the feet. Boots and belt or harness fol-
low, but you'll have no need for the rubber bands
that normally hold your suit against your boots. In
fact, you will need a gap to periodically empty
water from the boots. Since a liter of water weighs
one kilogram, you'll soon feel like you're walking
with lead weights. Rubber shoes or cut boots are
most useful here. When moving, keep your unpro-
tected arms up and out of the water. For deeper
areas, use a buoy — a sort of small inflatable seat
with straps that go between the legs - or add the
watertight cagoule. This hooded top is tighter
around the wrists, neck and face openings to pre-
vent water from entering. Its lower section dou-
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bles over the pontonniere, over which a rubber belt
(made from a tire inner tube) is snugly worn. The
entire ensemble is watertight, light, flexible, and
even permits swimming for short distances.

Take a along a simple repair kit (rubber solution
and patches), in case you have any catches or tears.
Aside from major rips (irreparable in the field any-
way), repairs should only take about twenty min-
utes, including undressing and suiting back up.

Place the contents of your cave pack in a water-
proof sack. Tethered to your harness, the pack
should float quietly behind. Carry it over your
shoulders as soon as the water gets shallow again.

The classic pontonniere is not breathable and so
prevents perspiration from escaping, and this soon
condenses into water soaked up by your undergar-
ments (see BS). This is okay as long as you are in the
water because the moisture remains at body tem-
perature. However, it chills as soon as you stop, so
reduce pauses to a strict minimum, except to stop
to undress and dry out a bit. As soon as you're be-
yond the wet section, change out of the ponton-
niere immediately, dry out as much as possible, suit
up again and start moving before you become too

cold. If you continue through dry passage in a pon-
tonniere, you'll soon be marinating in your own
perspiration.

Neoprene
The neoprene wetsuit is an alternative to the

pontonniere, especially for longer immersions. Un-

like the pontonniere, the wetsuit does not risk fill-
ing with water because it is already somewhat wet,
yet it protects the body from exposure to the cold
water. It is indispensable for longer deeper “swims"
since it is both buoyant and insulating.

But the neoprene wetsuit has a few major draw-
backs:

* You have to completely undress to change into
it, which is not much fun in cold alpine caves.

e Itis thick and cumbersome, limiting your move-
ments and thus requiring extra effort. It can also
irritate the skin, especially behind the knees and
at the bend in the elbows.

* Water trapped between the skin and the wet-
suit tends to soak the skin, preventing respi-
ration of the cutaneous layer, This can lead
quickly to fatigue.

Widmer

ave, Ethiopia. Photo |
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* Once you are out of the water, you need to re-
move the wetsuit immediately, for the same rea-
sons as with the pontonniere. It is otherwise ex-
tremely cumbersome and can cause cramping
at the first exertion, such as on a pitch climb.

= Finally, the wetsuit is bulky and heavy, and takes
up considerable space in your pack.

In horizontal caves or passages, you are often free
to follow your fancy, to “do your own thing” de-
pending on the circumstances. Vertical caving,
however, leaves little room for improvisation, and
the slightest mistake can be very unforgiving. This
is where tried and tested vertical equipment and
techniques enter the scene. The technigues that we
will describe in the following pages are not the only
possible choices nor the only ones used, even in
France. But they have been so widely used and
proven effective — in the field and in training situa-
tions — that they constitute an integrated system
which will allow you to deal with any situation us-
ing standard equipment. They will help you pro-
gressively master the difficulties you encounter in
vertical caving.

We recommend that the novice follow these
techniques to the letter. Once he has practiced
them thoroughly and completely mastered them,
he will likely want to try out some variations and
look for ways to improve and streamline them. He
will do this either on his own, through contact with
other cavers and clubs, or by referring back to sec-
tions of this book where we offer further sugges-
tions. According to his personality, habits and pref-
erences, he will eventually widen his field of
experience and gain the technical skills and knowl-
edge he will need to decide which techniques work
best for him.

We are by no means suggesting here that an
experienced caver should change his way of doing
things to conform to the techniques described in
this section. We only hope he is able to glean some
information or insights that seems relevant to his
own practice, and that he is tempted to try them
out in comparison. He may want to adopt those
variations that seem most useful, and keep the
techniques he knows and trusts (provided they are
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safe). Aside from some basic principles, we present
no theoretical dogma here.

The basic vertical techniques that we will now
describe assume that all rigging is safe and has been
installed by a competent person. A discussion on
rigging can be found in Chapter K, Rigging the Cave.
But it's no use knowing how to rig if you can't pass
a rebelay, so let us continue our present discussion.

The heroic era of descent on cable ladders, (with or
without belays), shoulder rappels and carabiner
rappels is now past. We can find a variety of de-
scenders on the market today, all conceived for dif-
ferent uses. The models used most in European cav-
ing can be broken down into the two types:

* The normal spool descender is the most widely
used in Europe, and we especially recommend
this model to the beginner. It presents one ma-
jor risk, however: releasing the rope could re-
sult in an uncontrolled fall. During practice and
training sessions, “newbies” should be belayed
by their instructors.

e Auto-lock descenders are like normal descend-
ers with an automatic stopping mechanism. This
works by releasing the handle, while the descent
is made by holding the handle down. This is
counter-intuitive and can lead to significant in-
jury (or worse) if a novice panics and automati-
cally grabs hold of the descender and handle;
auto-lock descenders should therefore be re-
served for experienced vertical cavers. The ex-
perienced caver will rarely make such an error,
but be aware that the stopping mechanism
should not be used as a brake, as this wears
down the rope. The handle should be held down
completely during normal descent, and released
only in case of difficulties. Slowing and stopping
is carried out using tension on the slack rope
below the braking hand. Only when you have
learned and assimilated the proper use of auto-
locks can you apprediate their comfort and ef-
fectiveness.

We will use the normal descender, or Simple, in
our presentation of rappel techniques.
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Fig. 134 < At a free drop, hang from
the anchor an your short cowstail
and use your knees for balance

Fig. 135 — When there is
a goad ledge, the short
cowstall is not lnaded
before the descent

Fig. 136 - Descender
opened in a cross

Fig. 137 - Install
the rope inan "S"
on the descender.

Fig. 138 - Full
the slack fram
above through
descender.

Fig. 139 - Once.
the rope Is passed
through the brak-
ing carabiner, be-
gin the descent.




3.1 Approaching the Pitch Head

As soon as the first anchor of the traverse line ap-
pears, attach your cowstails for safety. At each
point where the rope is anchored to the wall, place
your unattached cowstail on the next length of
rope before removing the first cowstail, and so on,
until you arrive at the top of the pitch head. (Al-
ways have at least one point of attachment at all
times). You will need both hands free to install the
descender onto the rope. If sitting or standing on
the ground is impossible or if you are already at
the precipice, clip your short cowstail directly into
the connector that is holding your descent rope and
place all your weight on this cowstail. Balance your-
self by making a triangle with your feet or knees
against the wall. (fig. 134).

Even if you can stand comfortably on a ledge,
you should still use a cowstail for safety. Clip it
into the upper rope loop, where it will hang loose
(fig. 135).

3.2 Installing the Descender

1. Attach the descender directly to your harness
maillon with a locking carabiner and hold it with
the left hand. Use your right hand to open the
latch and release the sideplate, which you then
position horizontally. Your descender is now
open and in the shape of a cross (fig. 136).

2. Install the rope coming down from the anchor
in an “S" formation through the descender,
starting from the bottom left side. Holding the
descender in the left hand and the rope in the
right, place the rope on the left side underneath
the horizontal sideplate. Pass it under the bot-
tom spool, back between the two spools, and
then out to the right over the top spool (fig.
137).

3. Close the descender, making sure the latch on
the top sideplate has closed completely around
the carabiner.

4, Pull the bottom of the rope up with the right
hand to take up the slack (fig. 138). Then pull
the rope down and place it in the braking cara-
biner (this is attached to your harness and adds
extra friction for braking and stopping). Once
your descender is engaged, hold the rope firmly
in the right hand at all times (fig. 139). Never let
go of it unless the descender is securely locked
off (see 3.4 below).

5. Check that your descender is correctly installed
and everything is in order.
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6. Unclip your cowstail by stepping up against the
wall (or using your footloops or the loop in the
rope, if necessary). Once you have transferred
your weight to your descender and established
a comfortable, controlled position, begin rap-
pelling.

3.3 Controlling Your Speed

You can control your speed by holding the rope
with both hands (fig. 140), or with just one (fig. 141),
below the braking carabiner, according to your pref-

Fig. 140 - Braking
with both hands

Fig. 141 — Braking
with one hand
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erence. When the left hand is free, use it to hold
the descender to help balance yourself on the rope.
Novices tend to instead hold the rope above the
descender, (mistakenly) thinking this will help them
slow down. On the contrary, speed is only controlled
with the rope below. As you pull upwards on this
with the right hand, you create friction against the
braking carabiner, slowing your descent. Try not to
let the rope rub too much between your right
thumb and forefinger, as this will rapidly wear a
hole in your glove. Avoid this problem by using both
hands to feed successive sections of rope through
the descender.

In a free-hanging descent where your feet do
not touch the wall, you should be in a half-sitting
position with your chest parallel to the rope and
your legs dangling freely. When rappelling against
a wall, your legs are roughly perpendicular to your
chest and slightly bent, intermittently pushing out
on the wall so as to help guide your descent. De-
pending on the speed of your descent and the po-
sition of the wall relative to you and the rope, you
either “walk” or “run” down the rope, slowing
down if there is any danger of rock fall due to loose
rocks in the walls. On faster rappels, look down
below you to anticipate what will come next.

A smooth and controlled descent is important,
both for the rope and for the anchor. Sudden jerks
place added and unnecessary stress on these, espe-
cially when you are near the anchor. During a rap-
pel, the descender gets hot from friction with the
rope, especially when rappelling near the surface
where the rope is dry, or at the end of a longer
rappel. In these situations, avoid a sudden stop and
remove the descender quickly from the rope, as it
can melt the sheath.

On rapid rappels, control your speed with the
right hand only, the arm extended downward. Don't
get too carried away and burn your glove and pos-
sibly your hand. Your innate reflex is then to let go,
resulting in an uncontrelled fall, unless you are the
fortunate beginner who is being bottom-belayed
by the instructor. It is important to maintain con-
stant control of your speed. Once you're on rappel,
you alone are master of your destiny.

As for the exhilaration of “free fall” rappels, this
is off limits for beginners; it is reserved only for
experienced cavers in pits that are sufficiently wide
and deep with perfectly vertical hangs. An experi-
enced caver will have mastered a finely-tuned tech-
nigue: he leans back, head turned to down to the

right, left hand around the rope without grasping
it and right hand extended below, guiding the
rope. He brakes slowly by making a wide half-cir-
cle with his right arm, stretching the rope out: if
the calculation is perfect, the pack and then the
feet will touch ground as he comes to the end of
the stretch. A bit of slack at this precise moment
with a subtle lowering of the right arm, and he is
gracefully on his feet again, Pure finesse !

" What NOT to do:

If you have long hair, be very careful not to let
it feed into the descender. This can be excruciat-
ing, not to mention dangerous. Before going un-
derground, pull all loose hair back and attach it
under the helmet. This is the best precaution, al-
though it probably won't save you from needing a
good shampoo by the time you come out!




3.4 Stopping on Rappel

The full (hard) lock is the safest way to completely
stop and lock off the descender during rappel. This
should only be done when the descender is fully
loaded for descent. If it is not loaded, even a short
fall could damage the descender if it is not posi-
tioned correctly in the locking carabiner connect-
ing it to the maillon.

Fig. 142 - Start
with a half-lock.

Fig, 143 - Finish
with a full lock

Fig. 144 — Gnly the
full fock allows you
to remave both
hands safely

Rappelling (Descending/Abseiling) with a Descender | 1441

1. Hold the descender firmly with the left hand.

2. Make a half-lock (soft lock) with the right hand
(fig. 142).

3. Complete the half-lock with a full lock by pull-
ing the rope through the descender/braking car-
abiners (fig. 143) and bring it up and over the
descender (fig. 144). A half-lock is not enough;
you must perform both maneuvers for a com-
plete and safe lock. Your hands are then free.

If you are using an auto-lock descender, you only
need to make a half-lock.

Now that you are securely locked off, both
hands are free for your next maneuver: to clear
loose rocks, set an anchor, rig a rope, or take a pho-
to for example. You can undo the lock by perform-
ing the above actions in reverse, making sure al-
ways to hold the descender firmly with the left
hand and the rope with the right.

3.5 Passing a Rebelay

If the person rigging notices an outcrop, edge,

ridge or any part of the wall that will rub against

the rope, he will redirect the rope with a rebelay

(fixed anchor) or a deviation (also called a redirect,

not load bearing). Passing a rebelay on rappel is

relatively simple, but does require some technique:

1. Slow down and stop your rappel when you ar-
rive at the level of the rebelay. Some slack should
still be available below the descender.

2. Clip your short cowstail into the anchor (con-
nector) with the carabiner gate facing you. With
anormal descender, one hand is still holding the
rope during this operation (fig. 145); here the
advantage of the auto-lock descender is that it
frees both hands without locking off the de-
scender (fig. 146).

3. Continue descending until you have loaded your
short cowstail. You can now remove your de-
scender and install it on the next section of rope
below the rebelay. Try to do this as close to the
rebelay as possible, leaving a minimum of slack
in the rope. Remember to pass the rope through
the braking carabiner.

4, To undip your cowstail, grab the rebelay knot
and the bottom rope (just below the braking car-
abiner) with the right hand and unclip the cow-
stail with the left while standing up on a ledge
or in the loop made by the top rope (fig. 147).
You will then find yourself in maximum braking
position, your right hand holding the rope high.
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Fig. 145 - With a Simple
U:('S(endt!r, clip the short
gowstail into the rebelay
while holding the rope
with your left hand.

Fig. 146 = With an
auto-lock descender,
the left hand remains
free while clipping in.

5.

Yell, "Off rope !” so that the person above can
start down, then resume your descent.

Never take your eyes off your descender or your
right hand off the rope. This will help you posi-
tion and load the descender carrectly before
your rappel.

) Key points:

If there are no footholds at the rebelay, the up-
per rope should be rigged so that it hangs in a
loop long enough te allow a person to stand in
it and unclip the cowstail. Without this simple
support, we have to compensate with our arms.
The result is greater exertion, which should be
avoided.

If the rebelay is offset and requires a pendulum
swing, rappel just a bit lower than the belay (fig.
148). If you do not have an auto-lock descender,
locking off at this point will make it easier to
swing over and clip in with your cowstail.
Except in special situations (such as constrictions
and other difficult take-offs or when carrying
heavy packs, for example), we generally do not
fully lock off below the bolt when beginning a
descent. This usually serves no purpose and can
be a waste of time.

" What NOT to do:

Do not rappel all the way to the bottom of the

loop in the upper rope.

3.6 Passing a Deviation (Redirectional)

1.

2.

3.

4.

Stop your rappel at the level of the deviation,
locking off your descender if necessary.

If the opposite wall is within reach, push against
it with your feet to create slack in the deviation.
While you do this, unclip the deviation carabin-
er with your free hand and place it above the
descender.

Unlock your descender and continue the rappel.

r..Y
i To do:

To bypass a high angle deviation, clip your long

cowstail into the deviation carabiner. This will pre-
vent you from losing the deviation in case you hap-
pen to let go of it during the maneuver.

4 see footnote 17 on page 145 for an alternative tech-

nique.



Fig. 147 - When there
are no footholds, step
up in the rebelay loop
in arder to unclip the

cowstail.

Fig. 148 - On an offset (pen-
dulum) rebelay, descend to
just below the rebelay anchor

Rappelling (Descending/Abseiling) with a Descer

" What NOT to do:

¢ Do not load the deviation with your cowstail
while attempting to pass it. The gate of the de-
viation carabiner will be blocked by your weight,
preventing you from removing the rope from
the carabiner.

« Never remove your descender from the rope to
pass a deviation.

3.7 At the Bottom of the Drop

If you land below on relatively flat ground, bend
your knees to create the extra slack you'll need to
quickly disengage your descender from the rope.
Having a small amount of stretch, the rope will re-
main taut. If your next rappel immediately follows,
clip a cowstail into the traverse line or directly into
the connector for the next drop, before removing
your descender from the previous rope. Remem-
ber to yell, "Off rope!”

3.8 Carrying the Pack
When you are on the rope, your cave pack hangs
below you on a tether, attached to your seat har-
ness maillon. In this po-
sition, the descender car-
ries the weight, which is
not the case when the
pack hangs on the side
of your harness.

To avoid twisting the
pack around the de-
scent rope, hold the lat-
ter off to the side of
your right leg (fig. 149).
Use your foot to direct
the pack away from the
rope if the pack has a
tendency to pendulum.

Carrying the pack on
your back while on rope
pulls you backward and C
off-balance, and works
your abdominal and arm
muscles unnecessarily.
Only do this when there
is danger of rock fall (fig.
150) or if you are going
to land in water. In the
latter case, descend with
the pack tethered until it
brushes the surface of

Fig. 149 - Use your nght
foot to keep the rope
from tangling with a teth-
ered pack

der | 143
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Fig. 150 - If the
pack could cause
rocks 1o fall below,
carry it temporarily
on one shoulder,

f

the water. Stop and throw it over your shoulder or
attach it to your side.

3.9 Narrow Pits

During normal use, the descender is situated level

with the sternum. This can be a problem in narrow
pitches since it can get
stuck between your
chest and the cave wall.
In this case, attach it
to your short cowstail so
it hangs at face level
(fig. 151). In this posi-
tion, make your brake
by passing the rope
through the descender’s
locking carabiner rather

; than the braking cara-
biner (Vertaco method).

3.10 Belays:
Safeguarding the
Descent

You can safeguard a be-
ginner from the top or
bottom of a any pit.
When you are the only
instructor present, you
must check the correct
placement and loading
of the descender and so

Fig. 151 = In narrow pitches,
install the descender on a
cowstall. Note the “Vertaco”
braking techrique.

rappel after the student. You thus belay the stu-
dent from above with an extra rope, using an
Munter (ltalian) hitch, letting out slack as the stu-
dent descends. This is called a loop belay.

When two instructors are present, one descends
first to bottom-belay the student, holding the rope
firmly without pulling on it. If the student loses
control of the rappel, the belayer can completely
control this rappel from below by pulling the rope,
thus regulating its tension. This is sometimes called
a fireman’s belay.

3.11 Descending Deep Pits
A wet rope can weigh as much as 50% more than
normal. In very deep shafts, the increased weight
of the rope can even make it difficult to install the
descender. One solution is to attach your upper as-
cender upside down on your harness maillon (fig.
152). This leaves both hands free, which allows you
to create the slack in the rope that you need to
install the descender. Once the descender is in-
stalled, remove the upper ascender and begin the
rappel. At the start, you will often have to pull up
on the rope, at first with both hands and then with
only one (the weight progressively diminishes as
the rope passes above the descender), to help feed
it through the descender. Eventually you can re-
sume normal rappel techniques.

With an auto-lock descender, disable the lock-
ing mechanism with a carabiner so that you can
have both hands free to pull on the rope.

Fig. 152 — The upper as
cender can help hold a
heavy rope in order to feed
it through the descender.



" What NOT to do:

Never load the descender in a “C" as described
below for thick ropes. You could lose control of
your speed toward the end of the rappel.

Using a rack descender

For those rare rappels over 200 meters without
a rebelay, use a rack descender (fig. 153). By add-
ing bars as you descend, you increase the braking
action as the weight below you decreases.

Attach the rack to your seat harness with a lock-
ing carabiner.'” Racks with a top “hyper-bar” are
much easier to use. The closed-frame Micro-Rack
comes with a hyper-bar (see fig. 23, right), and the
top bar on larger open-frame rack can be replaced
with a hyper-bar (as shown, fig. 154a). Otherwise,
clip a carabiner into the frame of the rack between
the top and second bars, and use this as you would
a hyper-bar, for braking as well as locking off (fig.
154b).™

Be sure that the descender is installed so that
the notch on the top bar faces away from you, or
the top hyper-bar is on your right. This is crucial: if
you install your descender backwards, you will then
load it backwards, which will result in a free fall.

Attach the rope to the rack by weaving the rope
over the top bar (or hyper-bar) of the rack (again,
the notch of must face away from you). Clip the
second bar to the frame (this notch should face you)
and place the rope behind it, then bring the rope
forward and over the next bar, and so on. Installa-
tion of the rope is similar with a Micro-rack, except
the top and third bars are fixed to the frame.

" What NOT to do:

Never install the rope by running the rope from
behind the descender (as it is correctly installed,
facing you; see fig. 153, right). You will then weave
the rope inversely through the rack. As soon as you
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Fig. 153 — Left: Install the rope correctly by weaving it over
the top bar and behind the first {already closed) notched bar,
Right: Instaling the rope backwards on a rack will cause the
bars o pop off as soon as the rack is loaded, resulting In a
free fall

load this, your weight will cause the bars to pop of
and you will become completely detached from the
rope."”

Braking

Regulate tension on the rope with the right
hand by gripping it and pulling down. if all the bars
are installed and you still need to reduce your
speed, push up on the bottom bar with your left
hand. If you still need more friction, bring the rope
up over the hyper-bar and back down behind it, or
clip it into the braking carabiner. Better braking
action on a rack is effectuated by pulling down on
the rope, rather than by pulling up, as with a spool
descender and braking carabiner.

Stopping and locking off
To lock off a rack:

1. Bring the rope over the top of the rack and back
down behind the upper rope and descender.

5 some users prefer a long oval maillon in place of the locking carabiner.

6 vy, Joe. "Rappelling 101: Using an Open Frame Rack.” The Texas Caver, Sept.-Oct. 1999,

17 1t may be due to the graver consequences of user error with a rack that in the US, standard practice is to use both
cowstails for safety when beginning a descent and passing a rebelay. The short cowstail is placed in the anchor or its
connector, the long one is clipped into the rope loop as a backup. When the descender is installed on the lower rope,
the short cowstail is removed to load the descender (long cowstail is still hanging slack in the loop). The long cowstail is
only removed once the user has unlocked the descender and verified that it is loaded correctly. The long cowstail is

removed and the descent continues.

After some accidents involving the use of two cowstails in these circumstances, many European cavers consider this
technique to be more dangerous than the use of one cowstail, given the use of a spool descender (which does not
detach from the rope when loaded incorrectly). However, the French Caving School does consider the use of two cows-

tails a viable choice when teaching beginners,



Fig. 154 a - Locking oft Fig. 154 b -
using a hyper-bar, Locking off a
traditional rack.

2. Pass a bight of the down rope through the de-
scender carabiner or maillon (fig. 154 a).

3. Bring the bight back up and hook it over the
hyper-bar (fig. 154 b), or dlip it into the braking
carabiner (fig. 154 b).

You are now securely locked-off,

An alternative using the hyper-bar is to 1.) hook
the rope over the hyper-bar and bring it back
down, 2.) pass a bight through the descender cara-
biner, 3.) then hook the rope over the hyper-bar a
second time (not shown).

3.12 Rappelling on Thick Rope

When a particularly thick rope is placed over spools
that are already worn by thinner ropes, the rope
may become stuck in the descender, interfering
with your rappel. This also happens with ropes
swollen by mud.

Fig. 155 — Descender
installed ina "C" on
thicker rope,

. Todo:

¢ Load the ropeina "C" instead of an "S"” around
the spools (this is also called a Zero). Don't for-
get to use your braking carabiner (fig. 155).

* \When rappelling on a “C,” be sure to leave one
pitch completely free between two teammates
to reduce shock in the event an intermediate
anchor fails (see page 64).

" What NOT to do:

Never belay an inexperienced caver on a "C" from
below. The descender could twist and even break
under the sudden tension on the rope.

3.13 Rappelling on Taut Rope

You may encounter a situation in which there is
not enough slack in the rope to load the descend-
er. This could result from the rope being twisted at
the rebelay below or caught on a ledge or behind
an outcrop in the wall, after a previous ascent. Once
the rope is relieved of the weight of the unsuspect-
ing caver (who is likely unaware of the problem), it
will naturally become taut.

[ To do:
Down-climb on your ascenders (page 154), find
and correct the problem,

" What NOT to do:

Any other maneuver brilliantly improvised at
the last minute or boasted about by another: if the
rope suddenly unjams during such an improvisa-
tion, a free fall could result.

3.14 Slippery Ropes
When the rope is too small in diameter or covered
in slippery mud, normal braking action could be
ineffective. In this case, you have two solutions; one
is good, the other is not.

.Todo:

Add another braking carabiner to the tense
rope above the descender, placing the carabiner
perpendicular to the descender with its opening
facing up and out. Pass the rope below through
this as well as the normal braking carabiner
(fig. 156). In this configuration, braking action is
improved by pulling down instead of up on the
lower rope.



Fg. 156 - Additional braking
carabiner for use on fine or
slippery rope

"l What NOT to do:
Do not add another loop to the braking cara-
biner, as this will badly twist the rope (fig. 157).

Fig. 157 — Wrapping
the rope around the
braking carabiner will
severaly twist the rope.

3.15 Using Auto-lock Descenders
An auto-lock descender has a moving mechanism
that acts as an automatic brake on the rope unless
the user intervenes by squeezing down with the
left hand on the handle. Compared to the classic
descender, this model has its pros and cons, and its
overall effectiveness remains in dispute. Without
wishing to change anyone’s mind who has already
established an opinion about the auto-lock, we will
nevertheless present some information for consid-
eration.

The major argument against the auto-lock is
that the action of the handle is counter-intuitive to
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a beginner's spontaneous reflex, which is to grab
hold of the handle rather than let it go. One solu-
tion to this problem has recently appeared: dou-
ble-action stops that brake when the handle is both
held down completely and let go completely (see
Chapter D). However, we don‘t feel these are fully
adapted yet to our use in caving, and we still sug-
gest initial vertical training on Simple descenders.

Moreover, one careless move in a narrow pas-
sage, for example, could accidentally jam the han-
dle, releasing the stopping mechanism and lead-
ing to an abrupt fall of several meters. Aside from
the unpleasant surprise, the abrupt stop follow-
ing the fall can damage or even tear the rope
sheath.

The other problem with auto-locks is simply the
result of bad technique: the stopping mechanism
is not meant to be used as a brake, and should not
be used as such. Controlling your speed by using
pressure on the handle will flatten and wear down
the rope. A braking carabiner should therefore still
be used with auto-locks.

An eventual advantage of the auto-lock is that
it provides added safety in the event of a sudden
rock fall that could surprise or knock the rappeller
unconscious (This is theoretical since we have never
actually seen this occur yet).

But a major advantage of the auto-lock is that
you need not make a half-lock before locking off
fully. However, you should always lock the descend-
er when stopping for a maneuver that will require
your attention elsewhere. Engrossed in the maneu-
ver at hand, your risk accidentally releasing the
stopping mechanism as described above.

3 Key points:

You don‘t need to lock off before clipping in
and coming to a stop at a rebelay (there is little
rope left below to fall down). You can completely
let go of the descender as well as the rope in this
case, freeing both hands for the changeover. This
is a great time-saver, especially in the case of pen-
dulum rebelays.

"% What NOT to do:

With an auto-lock in particular, take care not to
rappel with a jerking motion when you are ap-
proaching a belay: because the distance between
the rope and the anchor is shorter, the anchor will
have to absorb greater shock from these violent
movements.
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The development and use of the sit-stand system —
known widely as the Frog system — has led to the
gradual disappearance of caving ladders. During
the era of cable ladders, it was already common to
use a rope but only for descent, with the shoulder
rappel techniques used in mountain climbing be-
fore the discovery of the figure eight descender. At
the time, the belief was, “the faster you go, the
less distance you will have to fall,” and the short
time spent away from the ladder troubled no one.
But to do away with the ladder for climbing! It
didn’t seem like a safe bet...

Pierre Chevalier had already used “monkeys” -
precursors to modern ascenders resembling the
Gibbs - for climbing pitches in the Trou du Glaz
(Dent de Crolles, Isére, France). But his technique
was slow and tiring, and was only used by the first
person to climb the pitch, who then rigged a lad-
der for the others. They had yet to discover a sim-
ple, efficient technique that the entire team could
use. It was André Méozzi, (“"Ded” to his friends,
hence the French term for this method, the Ded),
an active member of the Spéléo-Club de |a Tronche
(Isére, France), who first developed the modern
technique. The members of his club adopted the
method with enthusiasm, and it helped them
make significant breakthroughs in their explora-
tions. But the sit-stand method didn’t catch on so
quickly elsewhere, and many criticized it even be-
fore trying it themselves. It was only when the EFS
(French Caving School) called on members of the
La Tronche club to organize training sessions that
the cause was won. Today, all of Europe - east as
well as west — has adopted the Frog system. It has
taken longer to catch on in some parts of the Unit-
ed States, but “the Frog"” has seen a marked suc-
cess there in recent years, and its use only seems to
be growing.

4.1 Gear

A upper ascender attached to a footloop is linked
to the long cowstail carabiner. A flat chest ascend-
er, the Croll (invented by Fernand Petzl) is held
snugly in place between the harness maillon and a
chest harness. Five hundred grams of personal
equipment thus spares us the weight of cable lad-
ders, about 12.5 kilograms per 100 meters. We are
left with the weight of the rope, only a third of the

previous total weight. The revolution lies in this dif-
ference alone.

Who would even consider going back to the old
days of rigging ladders? It nevertheless took a long
time to convince the caving world of this safe and
effective solution!

4.2 Technique

Open the cam of the chest ascender with a simple
rotating movement of the thumb and place the
rope inside. Use the same maneuver to position the
rope in the upper ascender, at face level. Choose a
single or double footloop according to the situa-
tion and to preference (see page 51). For the sake
of simplicity, we will assume the use of a single
loop. Place one foot (usually your lead foot) in the
loop, and the other on top of the first to help push
the body upward (except when using a foot as-
cender, which is worn on the right foot with the
footloop on the left). To adjust the length of the
footloop (once and for all), stand straight up hold-
ing the footloop assembly taut with feet on the
ground and the foot in its loop. The chest harness
should be tightened down and the chest ascender
positioned on the rope. In this stance, the bottom

Fig. 158 - Adjust-
ing the length of
the foatloop,




of the upper ascender cam should be about 2-3 ¢cm
above the chest ascender (fig. 158). Fine-tune this
adjustment during a real rope climb.

& To do:

If climbing with both feet in a loop adjusted for
only one foot, lengthen the cord or strap if it
is adjustable (quite convenient), or put an extra
carabiner between the footloop and the upper
ascender.

To avoid this adjustment altogether, simply place
one foot in the loop and the other on top of it, and
step up with both legs.

¥ What NOT to do:

Do not use an elastic strap or cord in your foot-
loop assembly. Instead, use 5mm Kevlar or Spectra
(Dyneema): it has all the advantages of being light,
flexible, compact and sturdy (see discussion on
footloops, pages 51-52).

- Key points:
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until your heels are just under the buttocks (fig.
159), positioning you for a vertical step upward.
Placing one foot over the other (when you are
using a single loop) helps push the lower foot
backwards, improving your stride on the rope.

. Keep your body and head straight while extend-

ing the leg downward and back (fig. 160), with
the free foot placed on top of the other so as to
share the work between both legs. At the same
time, use your arms to help keep your upper
body near and parallel to the rope. Avoid pull-
ing yourself up with the arms; let your legs do
the work. Since the arms have less muscle mass
than the legs, using your arms is an unnecessary
exertion that will tire you out more quickly. As
soon as the legs are fully extended, take your
weight off your legs by sitting down onto the
chest ascender in your harness. This completes
the cycle. Push your upper ascender up again,
step up in the footloop, and so on (fig. 159).

* Do not allow any slack or play at the level of the
chest ascender: your arms will have to compen-

Fig. 159 - The
arms push the

Fig 160 - Step-
ping up in the

. upper ascender foatloop and
sate for the loss of balance when you Step up i.l"l up as far as straightening the
your footloop. Moreover, the chest ascender will ~ possibie legs brings the

trigger later, reducing the distance gained with
each stride up the rope. Use a chest harness that
will feed directly through the upper eyehole of
the ascender.

* Fine-tune the adjustment of your footloop as-
sembly. If this is too short, it will prevent the leg
from extending completely and eventually lead
to fatigue and discomfort. If it is too long, you
will gain less distance with each step. If one
stride gains an average of 55 to 65 cm, 5 cm lost
with each stroke will result in a loss of about 5
meters per 50-meter climb.

* For comfort and efficiency, the upper ascender/
footloop assembly should be detachable from
the long cowstail when you are not climbing.
During longer trips involving traverse lines, an
upper ascender fixed to the cowstail is hardly
useful, and you risk losing the ascender, For
these kinds of passages, use the long cowstail
alone and attach the footloop assembly to the
side of your harness.

Climbing is carried out in two phases:
1. Push the upper ascender up as high as it can go.
As you do so, lift your legs, bending your knees

body up the rope
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During the first few meters of climbing, there is
not enough rope weight below the chest ascender
to pull the rope through it effectively. This is espe-
cially true of Crolls manufactured before 1998. The
rope remains bunched up between the two ascend-
ers, and you must pull it down with the right hand
through the chest ascender, while holding yourself
up against the rope with the left. This maneuver is
fatiguing, and can be avoided by wedging the rope
(fig. 161):

« either between both feet, which is more diffi-
cult with smaller diameter ropes;

= or between the footloop and your boot. While
on the ground, pass the rope over the ankle and
down toward the outside of the foot and be-
hind the footloop.

Wedging the rope properly while climbing will
require a little practice: as you are pushing up on
the upper ascender, bend the knees slightly out-
ward to prevent the rope from riding up and cre-
ating slack under the chest ascender. Bring the
knees back to a vertical position before stepping
up and extending the legs. This should wedge the
rope.

Fig. 161
between both feet, or
between the footloop and
bootleg

8lock the rope

4.3 Climbing Rhythm

Start off climbing slowly to allow the leg muscles
to warm up, especially if you've been waiting
awhile to climb. The muscles are cold after a long
wait at the bottom of a pitch, and a bit of warming

Fig. 162 — To rest dunng a
climb, let yaur body adopt
the most comfortable po-
siian

up before your climb is a good idea. Jumping jacks,
running in place, or a friendly wrestle with a team-
mate could help. Set a regular pace when dimb-
ing, adjusted to your own rhythm and breathing
and to the oscillations of the rope. In fact, since the
rope is not entirely static, it will have a stretch of
about 2-4 % depending on its constitution and the
load it bears. The latter will of course change as
you climb. It increases as you push yourself up with
your legs and decreases when you sit back and push
up on the upper ascender. As the rope bounces up-
ward, extend the legs and stand in your footloops.
When the rope moves downward again, apply your
weight by sitting back on the chest ascender. Fol-
lowing this rhythm will make your climb more effi-
cient, and requires a progressively faster pace as
you near the top of the pitch since the frequency
of the rope's oscillation increases as the length of
rope above you decreases. You could also climb at
half-tempo, still in sync with the rope bounce, but
climbing against the rhythm of the bounce is more
tiring.

Remember that in addition to the factors al-
ready mentioned, hunger, fatigue and lack of train-
ing will adversely affect your efficiency. Stopping
for a rest during your climb will allow you to catch
your breath, Simply sit back in your harness and
weight your chest ascender, with your arms hang-
ing, your feet resting in your footloop, and your
head and torso straight (fig. 162).



4.4 Carrying the Pack

The best way to carry your pack during a climb is
by attaching its tether to your seat harness mail-
lon, as during a rappel (see fig. 149). The weight is
thus carried by the chest ascender during pauses,
just as it is carried by the descender during rappels.
The weight of the pack is balanced symmetrically
and so are your efforts.

However, if the pack is light, it may be more
troublesome to carry it this way because it is more
affected by the increasing oscillations of the rope.
This will ultimately disturb your climbing rhythm
and the tether can become tangled with the rope
{unless you are climbing with a foot ascender). To
help reduce this problem, short-
en the length of the tether by
placing a carabiner through an
intermediary knot tied in the
tether. Better yet, simply clipthe
pack directly into the side of
your harness (fig. 163).

Fig. 163 - A light pack can be
attached directly to the side of
the seat harness.

" what NOT to do:

When climbing over a ledge where the rocks are
unstable, do not leave your pack dangling from its
tether. Instead, carry it on your back to prevent it
from triggering a dangerous rock fall. This will save
your fellow teammates below from having to run
for cover from the shower of stones, cursing your
name as they go!

4.5 Passing a Rebelay

Even without footholds, passing a rebelay during a

climb is quite easy:

1. Stop your upper ascender about 2 or 3 cm un-
der the knot (you will need this distance at point
5 in order to push up and disengage the cam
from the rope) (fig. 164).

2. Clip your short cowstail inta the anchor link with
its opening facing away from the wall.

3. Asyou extend your legs for your last stride, dis-
engage your chest ascender, and transfer your
weight to the short cowstail. Doing so will save
you from standing up twice in your footloops,
and will permit you to comfortably complete the
following maneuvers:

4. Load the upper length of rope into the chest
ascender and pull the slack through until it is
taut above the ascender.

5. Remove the upper ascender from the bottom rope
and place it on the upper rope, above the chest
ascender and at the level of the face (fig. 165).

Fig. 164 - Stop below
the rebelay.

Fig. 165 — Move the
Croll to the upper rape
before transferring the

upper ascender.
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7o do:

e |f the upper rope is offset to the left of the rebe-
Jay (as is usually the case), pass it between your
body and the cowstail before placing it in the
Croll. If the upper rope is offset to the right, do
not do this.

« Pass the upper ascender and long cowstail be-
tween yourself and the rope to avoid any tan-
gling between the rope and footloop assembly.

6. Begin climbing by stepping up in your footloop
(or in the upper rope loop) and pulling the rope
down below the Croll.

7. After one or two strides, your short cowstail will
slacken as your weight transfers tothe Croll.Un-
clip it from the anchor (fig. 166). If the next an-
chor is offset to the side, a short pendulum
swing will allow you the slack to unclip the cows-
tail.

N/

Fig. 166 - Slack appears in the cowstail as you start
climbing; you can now remaove it from the anchor plate.

Fig. 167 — Check that the
anchor carabiner is in cor-
rect pesition after you have
. left the rebelay Loading a

" carabiner sideways could
\ cause it to break.

8. Check that the rebelay
is positioned correctly
before moving on:
the anchor plate is cor-
rectly in place, the car-
abiner or maillon is
hanging vertically, and the rope hangs straight
(fig. 167). Then let the others know that the rope
is free, and continue your climb.

4.6 Passing a Deviation

1. As you approach the deviation, push the devia-
tion carabiner up.

2. Stop at the level of the deviation anchor.

3. Swing in or push against the opposite wall to-
ward the deviation, creating the slack you need
to unclip the deviation carabiner from above the
upper ascender and clip it back onto the rope
below the chest ascender. Make sure the devia-
tion stays free at all times; do not pass it be-
tween you and your footloop assembly unless
you are climbing with the rope wedged in your
footloop and the deviation is on the same side.
If you are using a foot ascender, remove it be-
fore you reach the deviation and replace it once
you are past the deviation.

4. Continue climbing.

4.7 Exiting the Pitch

Whether or not the exit from the pitch allows a
place to stand or sit, treat this maneuver just as
you do a rebelay (fig. 169). Once you are off your
ascenders and your short cowstail is clipped into
the traverse line, you will alternate cowstails until
you are clear of the approach.

When there is a traverse directly off the pitch
rope with no backup anchor, DO NOT use your cow-
stail as shown in figure 170. Use your upper ascend-
er to move out. If the upper ascender is not on the
rope, you are unprotected if a sudden fall causes
the main anchor to come out. With this configura-
tion, clip your short cowstail into the anchor and
transfer your upper ascender to the traverse line.



Photo U. Widmer

Fig. 168 — Exit a free-
hanging pitch as i
passing a rebelay

7o do:

If the traverse leading off the pitch is sloping,
install the upper ascender (still connected to the
long cowstail) directly on the lead rope and clip
the long cowstail carabiner itself over the same
rope as well. Tow yourself upward using the as-
cender.

Fig. 169 - Exiting

the pitch is easier " 14 |

[ {

when you can W 1

stand on a ledge i
b

Fig. 170 - To exit the
pitch safely, place the up-
per ascender rather than
the short cowstail on the
traverse line, if the main
pitch anchor is not
doubled

1 1 Drr A F Ere Cctom
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Fig. 171 - Down-chmb-
ing on ascenders, Mav-
ing the cam down al-
lows the rope to slide
through the ascender

4.8 Down-climbing
on Ascenders

This technique allows you

to descend the rope if nec-
essary. While stepping up in
your footloop, you take your
weight off the chest ascend- (
er. At thismoment, pressdown ~ *_/
on the cam with your right in- e
dex finger, The cam will pivot
downward, allowing the rope to
move freely through the ascender housing (fig. 171
and 172). Bend your knees to move downward,
then release the cam to reengage the ascender on
the rope. Now that you are in resting position and
your feet are free, perform the same action with
the upper ascender, using your thumb to help move
the cam down (fig. 173). Lower the upper ascender
and again extend the legs. This technique is tiring
but safe, since the safety catch prevents the rope
from coming out of the ascender housing. Thisis a
useful maneuver when you have climbed a few
strides up and realize you've left your pack below,
for example, or if you miss a less obvious continua-
tion and find yourself suddenly stuck in a narrow-
ing passage. It is also the only safe solution for de-
scending a taut rope.

* Key point:

Hold the cam all the way down, and lean your
upper body slightly to the right of the rope while
bending the knees to move down, This helps keep
the rope in its housing. Likewise, lower the upper
ascender while pulling sideways to the right (un-
less it is a left-handed ascender), still keep it verti-
cal along the rope. If you do not perform these sub-
tle maneuvers, the teeth of the cam will damage
the rope’s sheath.

Fig. 172 — Releasing
the Croll cam.

Fig. 173 - The upper ascender
is released in the same way.

4.9 Training Methods for Beginners

Since the motions used in climbing are more com-
plex than those used in rappelling, we think it use-
ful to break down the elements of this technique
in order to provide a better understanding. The fol-
lowing method is based on many years of experi-
ence:
1. With feet on the ground and your weight on
the chest ascender, tighten down your chest har-
ness so that it holds your torso close to the rope

(fig. 174).
(==Y
AN

Fig. 174 — Adjust the chest harness for a tight fit.

2. still standing beside the rope, remove the Croll
briefly to verify that the harness is properly ad-
justed. Your chest is pulled forward by the har-
ness and you should not be able to stand up
straight (fig. 175).

3. With the Croll and upper ascender in place on
the rope, check to see if the Croll moves up the
rope when you extend your legs. Notice that a
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Fig. 177 - Remove the

chest ascender from the

4 rope by standing up in

S your footloop
W

Fig. 175 — A well-adjusted chest harness
will prevent you from standing up straight
when off rope.

Fig, 178 — Removing the chest
ascender from the rope

leg(s), the Croll will slide up the rope. Atthe end
of the extension, open the cam on the Croll and
remove it from the rope (fig. 177).

This exercise allows the beginner to practice re-
moving the Croll at the top of a pitch or at a
rebelay.

. Standing with the left foot on the ground
and releasing the weight on your footloop, you
can remove the upper ascender from the rope
(fig. 178).

. Reinstall your ascenders as before and climb a
few strides up the rope, then practice down-
climbing, alternating between Croll and upper
ascender (fig. 172 and 173).

Fig. 178 - Pull down on
the rope with the right
hand when beginning a
climb to prevent the
Croll cam from catching
the rope

lack of weight below will usually prevent the Once the impatient beginner has completely
cam from releasing, and the following maneu-  and correctly performed these exercises, he can
ver will be necessary. then turn to refining his form. The logical next step

4. With one hand on the upper ascender and the  in his training will be to learn the "changeover”
other on the rope just below the Croll, stepup  from climbing to rappel, and then to pass devia-
in your footloop (fig. 176). As you extend your  tions and rebelays.
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4.10 Muddy Ropes

Sometimes mud may coat the rope and clog the
cams in your ascenders, causing them to slip. It is
not a nice feeling to know that at any moment you
could suddenly lose traction and slip down the
rope. In this situation, replace the upper ascender
with a lever ascender such as the Shunt. Since the
user’s weight is directly applied to the lever, block-
ing action is effective no matter how slippery the
rope may be (fig. 179). However, this apparatus is
much slower and less efficient than the upper as-
cender since you must take apart your footloop and
cowstail each time you remove the Shunt from the
rope. This limits the Shunt's usefulness to this par-
ticular situation.

As for the chest ascender, there is really no good
solution. The cams on the more recent models have
small eyeholes to help push mud out. To help the
teeth catch on the rope, push up on the bottom of
the cam as you weight the Croll.

For really problematic situations, friction knots
(page 78) are a possible solution. These could be
used in addition to the ascenders to help intercept
sudden slides. They can be improvised quickly and
easily during a climb using your pack tether, for
example.

4.11 Pulleys

3 What NOT to do:

We do not recommend pulley mechanisms such
as the one found on the Petzl Pump (see fig. 29) to
reduce your workload, except if you are carrying
an excessively heavy load up the pitch, as when de-
rigging. Otherwise, a heavier caver may want to
use it to limit overexertion from balancing his up-
per body against the rope. But as the effort exert-
ed is reduced, the climbing speed is proportionally
reduced. The total amount of energy spent is not
reduced in the end; it is actually increased due to
added friction between the rope and the pulley.
Effort is merely spread over a longer duration, and
therefore seems like less.

You will find similar limitations when using an
Italian footloop (Mao system; see fig. 389). This sys-
tem has a small pulley’installed below the upper
ascender. A longer footloop is fixed at the top of
the Croll, then passed through the pulley and al-
lowed to hang from there. This pulls the body for-
ward and up with each step up in the footloop.
However, since the leg's vertical distance is limited

Fig. 179 - On muddy
rope, push up on the
Croll cam so that it
catches the rope.

to about 60 cm with this configuration, the upper
ascender can only be pushed up about 30 cm with
each stroke, giving the impression that you are
hardly moving. Climbing is twice as easy, but takes
twice as long.

& To do:

The only really effective pulley system for climb-
ing consists of attaching a small ball pin pulley to
the top of the chest ascender. The footloop then
runs through the pulley so that with each step up
in the footloop the chest is pulled toward the rope,
saving the arms the extra effort of doing so. The
advantage of this system is comparable to the use
of a foot ascender, which also pulls the rope taut
and the body forward. We will discuss the foot as-
cender shortly.

When using this pulley system, you must be able
to quickly disengage the pulley from the chest har-
ness (leaving it attached to the footloop) when you
arrive at the top of the pitch. Attach this with a
small “anti-panic” clip (used in sailing) that opens
instantly when you pull the cord loop, even under
tension.



Foot ascenders began to appear among the com-
ponents of the Frog system nearly ten years ago.
As is often the case with caving equipment, the first
models were homemade by some of the more in-
dustrious cavers, before they began to appear in
manufacturers’ catalogs. They are now in wide-
spread use, having seduced cavers of all levels. The
basic caver enjoys the greater comfort of this de-
vice, which improves his position on the rope and
saves him from added upper body exertion. The
more experienced and specialized caver finds his
climbs go by in a ffash, given a greater physical per-
formance.

For a general description of the foot ascender,
refer back to the first section (page 49).

5.1 Conditions for Use

This device is never used alone; it is meant to be a

complement to the other two ascenders. Critics of

the foot ascender see it as an additional and un-
necessary weight, but these extra 125 grams are
compensated by four substantial advantages:

1. When you step up, the foot ascender holds the
rope taut below the chest ascender while at the
same time improving vertical balance.

2. It provides a convenient “step” that helps you
pass rebelays and exit the pitch at the end of
climbs.

3. Ithelpsthe beginner learn to step vertically rath-
er than at an angle.

4. At the beginning of a climb, it is an effortless
solution to that annoying problem of the rope
catching in the chest ascender - and we're all
familiar with that one.

Two additional benefits of the foot ascender:

= |t prevents the rope from tangling up with your
pack tether during the climb;

+ [tcan be used as an emergency replacement for
the chest or upper ascender, arranging a haul
system, or as a second ascender in a counter-
weight system (see page 296),

However, use of the foot ascender does not fa-
cilitate passing a deviation. Remove it from the
rope as you approach the deviation and reinstall it
again once you've passed it.
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5.2 Choosing and Adjusting

the Foot Ascender

If the model allows a choice, you may wonder
whether to place the ascender on the left or the
right foot. This is a matter of preference. Those who
insist on the merits of the right foot have two ar-
guments, the first being that if your right foot is
your lead foot (which is usually the case) it is also
stronger and more effective in pulling the chest as-
cender into the rope. The second argument is a bit
less obvious, but the result is the same regardless
of which foot you favor: most cavers who rig are
right-handed, and difficult pitch heads are most
often rigged on the left wall (going down). On the
cfimb out, we exit the pitch to the (ert, and a ngnt
foot ascender is more useful since we need to step
up more on the right foot.

Promoters of the left foot ascender argue that
when we leave a rebelay, we usually need to step
up one or two times in our footloop before we can
install the foot ascender: we may as well use our
stronger foot, usually the right. In this case, we are
accustomed to having our right foot in the foot-
loop. Why change this habit and upset our well-
established rhythm?

In the end, it is up to each individual to choose.
In fact, the authors of this book each have an op-
posing preference, and each stands by his choice. If
you choose to use a Petzl Pantin, you will not have
to make a decision since it is only made for the right
foot. In this chapter's illustrations, the foot ascend-
er has been shown on the left foot (in the line
drawings) as well as on the right foot (in the shad-
owbox drawings).

The foot ascender is attached over the boot or
shoe on the inside of the foot, with the straps tight-
ened down snugly. Adjust the side strap so that the
contact between the rope and the ascender is
above the heel, along its vertical axis. The strap for
the instep is also adjustable, allowing you to
change the height of the ascender relative to the
heel. The higher you place it, the less it will tend to
twist sideways, and this makes it more comfortable.
However, this will also slightly reduce the height of
your stride, especially if you tend to raise the feet
rather than the knees, which isimproper form: the
leg gains less vertical distance in this position. In
short, the best position is one that places the con-
tact between the rope and the ascender at about 5
cm above the heel.
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5.3 Technique ing the deeper pitches (over 30 meters), because

av

,
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loving Through the

The foot ascender can be used four ways. But
regardless of the technigque, some factors remain
constant:

% Key points:

* The beginner may have problems tangling the

footloop and long cowstail in the rope when
using this ascender. To avoid this, practice on the
surface beforehand (on cliffs, in a gym, etc.).
During this training, reproduce the same obsta-
cles found on a vertical climb (over a shorter dis-
tance), including rebelay and exit. In practice,
you'll find that with a left foot ascender, it is
helpful to exchange the double cowstail for two
separate ones. The short cowstail is worn on the
left side of the harness maillon as usual, but the
long cowstail will be attached on the right side
(i.e., the footloop side) of the harness maillon.
With a right foot ascender, the cowstails remain
on the left as usual.
One might wonder why the placement of the
cowstails is different in each case. This results
from the fact that there is no left-handed ver-
sion of the chest ascender so, no matter which
foot ascender is used, the rope much be en-
gaged and disengaged from the right.

* The foot ascender cam best engages with the
rope if you push the foot slightly forward as you
finish lifting it for a stride, so as to position the
rope correctly in the ascender gutter. This will
keep the rope from sitting on the upper part of
the cam and opening it. Then the foot can be
brought up under the buttocks before pushing
off in a vertical stroke.

% To do:

Some foot ascenders have a catch that prevents
the rope from automatically detaching, but this
accessory can be disengaged. The advantage of
doing so is that it allows you to quickly detach the
ascender from the rope at
a rebelay or at the pitch
head without having to
bend down; you simply
kick your leg back with the
knee bent (fig. 180). The
problem for beginners is
that they often accident-

Fig. 180 — The
absence of a safety
catch allows you to 8
remove the as-, ( :
cender from the

2 rope hy simply
ally kick the footl ascend- i luing back with a
er off the rope while climb-  bent knee.

the rope weighs more against the cam. This poses
no risks but it interferes with the climber’s rhythm.
Avoid the problem altogether by learning to climb
correctly: the foot and knee must come up as straight
as possible and the ankle should not be allowed to
move off sideways. The foot should also move up
with a slightly forward movement, then come back
under your body before pushing off — almost as if
you were pedaling backwards on a bicycle!

Do not disengage that catch on the foot as-
cender (if there is one) until you have mastered the
correct climbing form and it has become second
nature.

"¥ What NOT to do:

e |tshould go without saying that you must NEVER
remove the corresponding safety catch on a han-
dle or chest ascender. This would compromise the
proper functioning of the device and your safe-
ty. This is not the case with a foot ascender since
this device is an accessory and not a PPE item.

« Don't look up while climbing the rope, but
straight ahead; this will facilitate breathing.

Frogging with a foot ascender

This is the most widely used method for climb-
ing with a foot ascender since it is the same as the
classic Frog/sit-stand technique. We generally learn
to use the foot ascender with this methed. One
foot is placed in the footloop and the other in the
foot ascender strap (fig. 181 and 182). Both feet
remain at the same level and push down simulta-
neously. This is the method used for average climbs
or when you are hauling an especially heavy load.
It will likely soon become the new standard in
France, maybe we'll call it the “New French Meth-
od” (fig. 183).

Alternate steps

With this movement, we push down with one
leg at a time rather than both, like “stepping” up
the rope. Since humans are bipedal, this movement
is natural, and it was from this general idea that
the most efficient American climbing methods
were developed (see below).

Symmetric and asymmetric stepping methods
are derived from the classic sit-stand method, but
they are both clearly more strenuous than frog-
ging. They require extra practice and perfect coor-
dination of breathing and movement.



Fig. 181 - Bend the knees
and raise the upper as-
cender.

Fig. 182 - Raise the body
by extending the legs

Fig. 183 — Basic sit-
stand movements

1. In asymmetric stepping, the ascender foot push-
es from a higher point than the other foot (fig.
184). Both hands may be placed on the upper
ascender, but it's best to have them at slightly
different heights. There is no resting phase
when the climber sits back in the harness (fig.
185 and 186). This method is effective in that it
is very rapid, but it has two limitations:

—- Since stretch in the rope thwarts a good
rhythm of movement, this fast pace cannot
be maintained on long climbs {thirty meters
or more), unless one is climbing a very static
rope or against a wall, where balance is easier
to maintain.

— Since it is more exerting, this method is not
suitable for climbing with a loaded cave pack.
The tension on the chest harness must also be
loosened for this type of climbing; the chest
ascender sits lower so as not to limit the height
of the arm strokes.

Fig. 185 - Foot
ascender is
raised 1o the
level of apposite
calf as the other

leg steps in the :
/ﬁw footloop. =N

Fig. 184 - In
asymmetnc stepping,
the foat ascender leg
maoves about half the
distance up the rope

Asymmetric
Stepping

Fig. 186 — Upper as
cender is raised as the
left foot steps in the
faot ascender (right
foot level with oppo-
site knee)
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Symmetric
Stepping

Fig, 187 - In sym-
metric stepping,
both feet move
approximately the
same distance up
the rope

2. Symmetric stepping is the fastest method, but
also the most strenuous (fig. 188 and 189). It is
best suited for short climbs when one is not car-
rying a pack. Both legs step from the same
height. If the foot ascender is worn on the right
foot, the right hand holds the upper ascender
(and vice versa). The left hand is placed higher
up on the rope to ensure proper balance
(fig. 187).

* Key points:

Especially when beginning, try not to make
strides that are too long as these are particularly
exerting on the thigh muscles.

% To do:
Lengthen the footloop the distance of one car-
abiner.

5.4 Recent Trends

Increased use of the foot ascender has influenced

the way we rig pitches. The current trend is to rig

as often as possible against the wall and to reduce
the distance between consecutive rebelays. There
are two advantages to doing this:

* The body automatically finds its equilibrium
when we can use the wall for support. This also
relieves the arms of some work.

* |t is easier to coordinate climbing rhythm and
the bounce on the rope caused by the yo-yo ef-
fect. This advantage is more obvious if the rope
is thinner; smaller diameters need greater elas-
ticity to withstand the number of falls allowed
by the standard.

Fig. 188 - 5tep in the footloop
and raise the foot ascender (level
with the opposite knee)

Fig. 183 - Step n the foot
ascender and raise the up-

per ascender (right foot
level with opposite knee)

6.1 The Two Schools

There are basically two schools for descending and
climbing a single rope on ascenders, and these cor-
respond to two techniques for rigging caves: the
French method and the American method. The lat-
ter evolved in the United State in the late 1960,
at roughly the same time as the French method.

The French method corresponds to Single Rope
Technique (SRT), a method of rigging that places
the rope away from walls or rub points, so as to
protect it - and consequently the caver — as much
as possible. This technigue |leads to shorter but
more numerous vertical sections because rebelays
are more frequent, On rappel, this technique is well
suited for spool descenders, For climbing, you must
be able to change your ascenders from one section
of rope to another (i.e., install and remove them)
quickly and efficiently, since you must do so several
times in the same shaft. Spring loaded cam ascend-
ers are perfect for this, and the Frog system is
adapted for use with these ascenders.



The American method is rooted in a clearly An-
glo-Saxon philosophy (though it also developed in
a different geological context than Alpine SRT, in
the large open-air pits of the Southeastern and
Central US). At least in theory, this practice seems
to favor protection of the cave more than that of
the rope (but in reality, rub marks on the cave from
the body and a thicker rope render this laudable
conservation ethic a bit suspect). It also favors nat-
ural rig points to artificial anchors, since the latter
are thought to compromise the integrity of the
rock. Rub points are acceptable, which requires
thicker diameter rope to ensure safety, and there
are fewer or no rebelays. Some call this “Indestruc-
tible Rope Technique,” and it has several impor-
tant consequences: rope weight increases by the
square of the rope diameter, so cave packs are also
heavier. Rope protectors are used more often to
reduce the effects of inevitable friction, and rack
descenders are the preferred choice since the
weight of the rope below is also increased (at least
for long free-hanging drops with thicker rope).

On the climb, it is less important to be able to
move quickly through a rebelay since there are few-
er of these. Though many have already switched
to spring loaded ascenders, some people still use
lever ascenders such as the Gibbs (fig. 190 a), which
have the unique advantage of working well on
muddy rope. The lever takes longer to engage the
rope completely, causing the climber to slip back
down several centimeters with each stride upward.
Installing a lever ascender on the rope is also te-
dious work, requiring the user to align three inde-

Fig. 190 a - The Gibbs
lever ascender

Fig. 190 b — The
chest roller or
“chest-box” is

mounted on the

horizontal webbing
of the chest harness.
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pendent parts in the device: the cam, the housing,
and the pin that holds these together, The pin can
be removed by squeezing down with the thumb
on the pinhead, which engages a piston inside the

pin.

6.2 American Techniques
Every technique belonging to the American school
takes longer to carry out. While these techniques
may sometimes be faster when it comes to pure
climbing speed, their overall performance during
caving soon reminds us of the moral of the fable
“The Tortoise and the Hare."™

What is even more interesting is that these
climbing techniques are generally viewed as less
physically exerting; perhaps this in fact occurs once
one has become habituated to the movements. But
each system requires more gear and thus more
weight than the Frog system (sometimes up to
three times more than the 500 grams needed for
the latter). Several techniques require the user to
run the rope, and sometimes even the footloop,
through a chest pulley (the “chest roller” or “chest
box"), 50 as to pull the upper body up to the rope.
A roller is made of two metal side plates on a hous-
ing, through which a special chest harness strap is
placed, and a roller pin that holds the rope in place
(fig. 190 b). This pin can be disengaged at any mo-
ment, with the same type of ball pin found on the
Gibbhs. Once the pin is disengaged from the hous-
ing, it remains attached by a short wire cable (also
like the Gibbs). Since the roller must sit as close to
the body as possible to be effective, the chest har-
ness must be tightened right down, which can con-
strain the rib cage from fully expanding and inter-
feres with proper breathing. This is hardly a plus.

While American techniques have been aban-
doned for the most part in the UK, they are still
practiced in some areas of the United States, par-
ticularly in the Southeast and Midwest. In the last
decade, however, the Frog method has gained sig-
nificant ground in the US, likely due to its simplici-
ty, versatility and relatively low cost. In Australia,
some cavers continue to use the Mitchell system,
but others have also moved to the Frog system.

The purpose of this book is not to discuss every
American technique in minute detail; others have

18 similar findings can be found in a general comparison
of climbing systems in On Rope, 1996 (NSS), by Bruce
Smith and Brian Padgett, p. 164.
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already done this, and their au-
thors were quite knowledgeable
of the subject. Our perspective is
more or less that of an outsider,
but it isinteresting nonetheless for
us to have some understanding of
these techniques. There are at
least three systems, aside from the

Frog, which we will here list in de-

scending order of popularity:

s the Ropewalker system (very
fast on the rope and not too tir-
ing, but complicated; requires
a significant amount of prepa-
ration time and a chest roller)

s the Mitchell system (fast on the
rope and not too tiring, but
long in preparing; requires a
chest roller to bring the body
in line with the rope)

* the Texas system (slow and
quite tiring)

If no single system has actually
succeeded in replacing the others
completely, this is doubtless for
lack of a clear advantage of one
over the others. This diversity can
certainly be seen as a source of
richness, but it nonetheless com-
plicates the process of training
and practice, and even more so
since each system has its own in-
ternal variations.

We illustrate here the most
widespread of American systems,
the Ropewalker, in its most evolved form: the dou-
ble bungee (fig. 191). A bungee cord links the foot
ascender to a leg ascender worn on the opposite
leg (usually the left), via a small pulley attached to
the bottom of the chest harness/roller. These as-
cenders may either be spring-loaded cam models
(Basic or Croll type), or lever ascenders, and they
are alternatively pulled upward by the pulley. A
third upper ascender is attached to a cowstail for
safety and pushed up the rope with the hand.

COMPression,

6.3 The Jumar System

Finally, let's mention the ancestor of all of these
systems, the Jumar systemn, This technigue employs
two upper ascenders (Jumars, see Chapter D.5), each

Fig. 191. - The double bungee systemn
The chest roller is mounted on a horl-
zontal metal plate incorporated into
the chest harness ta minimize chest

maneuvered with the correspon-
ding hand and each attached to a
footloop. The American systems
originated from this setup. Its prin-
ciple drawback is that it does not
allow the user tosit down and rest,
but its claim to fame remains that
it ushered in a new era in vertical
cave exploration at the end of the
1950s. Thus we still hear the ex-
pression, “climbing on Jumars,”
which continues to be used gener-
ically when people talk of climb-
ing with ascenders. As is the privi-
lege of our forerunners, the Jumar
has become part of that exclusive
club where we also find the Fridge,
Kleenex, the Thermos and, let's not
forget, the Spit - all products
whose use has so permeated our
lives that their brand names have
become “household” words.

6.4 The Stair-Climbing
Method:

A Compromise ?

If we stop to think about it, both
the American and French tech-
nigues have their strong points.
The former makes use of simple,
natural leg movements that re-
semble a swift hike up a steep
slope. It is also fast and less tiring
on the arms. The latter is lighter
and much faster to prepare and
install on the rope. Its attachment
and suspension point is also closer to the body's
center of gravity, which provides stability. This is at
the heart of its versatility. So why not find a com-
promise?

In fact, the first step toward such a compromise
has already been made. We only needed to intro-
duce the foot ascender — the quintessential com-
ponent of the American system - into the French
outfit. For 125 additional grams of weight, the
French school can now achieve a climbing speed
approaching that of our overseas colleagues. Sym-
metric stepping thus seems at first glance to be the
realization of that long-sought compromise. But it
is still a bit too athletic to be a realistic solution for
everyone.



Fig. 192 - The
stair-climbing
method

Let us suggest an alternative technique derived
from the symmetric stepping method and one step
closer to the American school: welcome to “stair-
climbing” technique. Like stepping, this is an effi-
cient and ergonomic alternative, yet it is easier to
learn and less fatiguing because the upper ascend-
er is transformed into a leg ascender like that found
on the Ropewalker, which moves up by itself. The
hands are entirely independent and free to make
even strokes up the rope. This allows both the arms
and legs to truly work in even, alternating strides
on the rope (fig. 192, 193).

Above the Croll, you can hold the rope as you
like, moving your arms up in synchronicity with
each stride, your hands alternating at the level of
your chest and face or, otherwise, placed high on
the rope bringing you closer to it. Since you grasp
the rope directly with your hands, you should wear
gloves, and preferably the rubber variety: it grips
the rope better than PVC and helps save your hands
and arms from fatigue.

A major advantage to the Stair-climbing tech-
nique is that it is entirely compatible with the Frog
(plus foot ascender) system.

To move from this system to Stair-climbing, place
the foot ascender in its usual position on the right
foot. Two slight modifications follow:

1. Make a simple loop in the footloop cord at
about 30 cm above the instep in order to short-
en the length of the footloop, via a small acces-
sory carabiner, and to allow the placement of
the upper ascender as a leg ascender (weight:
20 9);

Other Climbing Methods

Fig. 183 — The Stair-climbing method uses the same gear as a
Frag system with a Pantin© the upper ascender becomes a leg
ascender and a bungee cord helps pull this automatically up
the rope

2. Attach a 6-mm bungee cord to the back of your
seat harness, bring it up over the left shoulder,
and attach it to the upper hole of the leg as-
cender. This creates the tension you need to pull
the leg ascender up automatically when your
left leg bends (weight: 30 g).

The long cowstail remains attached to the leg
ascender as usual, and the intermediate footloop
carabiner is clipped into the leg ascender carabiner
(or into the additional hole next to the large lower
hole on the ascender).

| 163



Moving Through the Cave

Inversely, you can switch back to the traditional
Frog method, even in the middle of a climb. Just sit
back in the seat harness (on the Croll), remove the
intermediate footloop carabiner from the leg as-
cender -restoring the footloop to its original length
—and place the upper (leg) ascender back in its orig-
inal position above the Croll. By switching between
the two techniques, you work different muscles
alternately and will tire less quickly. This technique
is especially effective when your are climbing
against a wall because the hands do not have to
help balance the body. You can let go of the rope
completely; and can even let them hang freely dur-
ing the climb (as when climbing on a Ropewalker),
which saves energy.

To pass rebelays using the stair-climbing tech-
nique:

1. Stop under the anchor knot and sit back on the
Croll, as usual.

2. Clip your short cowstail into the anchor maillon
or the anchor plate itself, with the carabiner
gate facing you.

3. As you step up in the foot ascender/footloop,
remove the Croll from the rope and sit back in
your harness, i.e., the short cowstail.

4. Place the upper rope in the Croll and take up
the slack.

5. Remove the leg ascender from the lower rope
and place it on the upper rope (the bungee cord
should not affect this maneuver).

6. Begin the climb by stepping in the footloop and
unclip the short cowstail from the anchor once
it has some slack.

7. Transfer the foot ascender from the bottom to
the top rope.

This maneuver is thus identical to the classic re-
belay changeover discussed on page 151, except
for point 5. The primary advantage is that at point
6, stepping in the footloop via the leg ascender au-
tomatically pulls the rope through the Croll, which
saves us the trouble of pulling it through ourselves
as we |leave the rebelay.

An American-style chest roller could be added
to aid vertical balance on the rope, which would
leave the hands completely free, even for climbing
free drops (averages an additional 90 g). It's best to
wear this on a v-shaped chest harness rather than
one that goes around the rib cage, to avoid com-
pressing the chest. We have perfected such a de-
vice, which allows us to climb without using the

arms, even on free drops (the Ropewalker does not
have the help of the Croll to anchor a V-style har-
ness). But if the climber feels energetic enough to
alternately pull up on the rope with the hands at
face level, this will increase his climbing speed. Even
without the chest roller, the stair-climbing system
thus offers the choice of speeding up a climb.

When used with a chest roller, stair climbing in-
deed looks like a hybrid between the American and
French methods!

Only time will tell. If it ever happens that one
climbing method comes to reign supreme, it will
likely be a similar compromise between the two
principle technigues. Like the Anglo-Saxons we are
equally concerned with putting cave protection
and conservation to the forefront of our consider-
ations, but we don't want to sacrifice safety in do-
ing so. A stronger conservation ethic could well
have prevented the abuse of some of our great clas-
sics and we should be committed to restoring and
protecting them from further degradation as much
as possible, by getting rid of redundant anchors,
for example. We should above all try to leave these
caves in the same or better condition than that in
which we found them.

7. Various Rope Maneuvers

7.1 Changing from a Rappel to a Climb
Any number of circumstances can force us to inter-
rupt a rappel and return up the rope. A fallen rock
could cut the rope below, a sudden waterfall could
inundate a pitch, the rope could run short of the
bottom...and we have no choice but to turn
around. The “changeover” is therefore a maneu-
ver that every vertical caver should know:

1. Come to a stop and lock off the descender.

2, Place the upper ascender and footloop on the
rope at about face level.

3. Step up in the footloop and place the Croll on
the rope between the upper ascender and de-
scender, then sit in the harness to load the Croll.

4. Remove the descender from the rope and begin
climbing.

7.2 Changing from a Climb to a Rappel
The climb to rappel changeover is of course the in-
verse. This may be needed to go fetch that 13-mm
wrench that just fell down the drop:



1. Install the descender on the rope as close to the
bottom of the Croll as possible and lock it off.

2. Remove the Croll from the rope by stepping up
in the footloop.

3. Sitdown; your weight should transfer to the de-
scender.

4. Remove the upper ascender from the rope.

5. Unlock the descender and begin the rappel.

You may also act as if you are passing a knot on
rappel, with the short cowstail also clipped to the
upper ascender (see 7.3.2 below). The advantage is
that the descender is easier to install because the
Croll is already removed and no longer in the way,
so the rope is more accessible. Since you are hang-
ing under static tension from the short cowstail on
the upper ascender with the long cowstail as a
backup, this is not a problem for safety.

*® Key point:

Be sure the descender is positioned correctly in
its attachment carabiner; loading the carabiner
sideways could damage it.

7.3 Passing a Knot on Rappel

We find knots on the rope when one rope is too
short and two ropes must be tied together (pages
75-76), or when we need to isolate a damaged sec-
tion of the rope (page 73). We then have to get
around them.

Fig. 194 - Descend
onto the knot
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7.3.1 Passing the knot using your ascenders
1. Rappel onto the knot (after having taken the
rope out of the braking carabiner; fig. 194).

2. Place the upper ascender (attached to its cows-

tail) on the rope at face level.

3. Step up in the footloop, place the Croll on
the rope between the upper ascender and de-
scender, and sit back on the Croll.

4. Remove the descender and reposition it on
the rope just below the knot (locking off is op-
tional).

5. Down-climb as close to the knot as possible on
the ascenders.

6. Remove the Croll from the rope. This should
transfer your weight back to the descender; be
sure it is positioned properly in its carabiner be-
fore loading it.

7. Remove the upper ascender from the rope and
continue the rappel.

7.3.2 Passing the knot with the short

cowstail in the upper ascender

1. Rappel onto the knot as described above.

2. Place the upper ascender on the rope above the
descender, about 10 cm
above the point where
the short cowstail cara-
biner would sit when
the cowstail is
pulled up taut
(fig. 195).

Fig. 195 - Pull the
short cowstail up
ward and position
the upper ascender
on the rope about
10 cm above the
end of it.
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3. Remove the long cowstail from the upper as-
cender and place it in the knot loop (fig. 196). If
there is no loop or if the loop is not usable, leave
it in the ascender until just before removing the
short cowstail (during a later phase in the oper-
ation, see point 7).

Fig. 196 - Clip the
long cowstall into the
knot loop.

4. While stepping in the footloop, place the short
cowstail carabiner directly on the rope above
the upper ascender (fig. 197).

5. Sit back down; the short cowstail should now
be weighted.

6. The descender should now be slack; remove it
from the rope and reinstall it below and as close
as possible to the knot (again, locking off is op-
tional; fig. 198).

7. Step up again in the footloops and remove the
short cowstail (the long cowstail would also be
removed here if it is still attached). Make sure
the descender is properly positioned on its at-
tachment carabiner before transferring your
weight back to the descender (fig. 199).

8. Remove the upper ascender from the rope and
the long cowstail from the knot.

9. Continue the rappel.

For both of these methods, it is not necessary to
clip your cowstail into the knot loop as an added
safety (especially if the knot was made to isolate a
damaged section !). This saves time since you per-
form fewer maneuvers.

Fig. 187 — Clip the
short cowstail around

upper ascender

o
4
/
/g\ | } the rope above the

Fig. 198 - 5it back to
load the short

cowstail and transfer 7
the descender // \
/ \
/ f: \ ]
/ e <-
/

) Key point:

Cowstails that are too long can be a problem
when it comes to implementing these maneuvers.
If the short cowstail is too long, shorten it by clip-
ping its carabiner into the harness maillon and plac-
ing another carabiner in this loop.
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Fig. 199 - Retrieve the
shart cowstail, putting
your weight on the de-
scender.

Fig. 200 - Bring the
ascenders up to
about 2 cm below
the knot

Fig. 201 - Transfer the
upper ascender high
enough abave the
krot to allow space
for the Croll

7.4 Passing a Knot While

Climbing

If we passed a knot on the way

down, we will sooner or later

have to pass it on the way up!

But this is fast and easy to do:

1. Bring the upper ascender to
about two or three centime-
ters under the knot; raise the
Croll as high as it will go (fig.
200).

2. Remove the upper ascender
from the rope and place it
above the knot, high enough
to allow space for the Croll.

3. Step up in the footloop and
transfer the Croll to the rope
just above the knot (fig. 202).

4. Continue climbing.

As on rappel, clipping into
the knot loop with the short
cowstail is optional.

Fig. 202 - Transfer
the Croll above the
knot
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When you hang motionless on a rope, the tension
on the rope is simply equal to your weight. But as
soon as you begin moving, you generate more or
less abrupt jolts on the rope, depending on how
well you have mastered your vertical technique.
Learning how to move fluidly takes time but it is
very important. Caving ropes are basically semi-
static; their low stretch helps to limit the “yo-yo”
effect and yet absorbs enough energy from jolts
and possible falls to avoid transferring a greater
load to the anchor. The static stretch on caving
ropes varies from 3% for thick diameters to 6% for
thinner ropes, under a load that increases from 50
kg to 150 kg (only “stretch reserve” ropes have a
1% stretch, see Section E, 2.7). As you climb, the
length of rope separating you and the anchor from
which you hang shortens, and thus has less shock
absorbing capability (see Section E).

8.1 Impact Force During a Climb

In test situations, the shock load transmitted to an
anchor by an average semi-static rope was measured

during a climb by an 80-kg caver. As we just men-
tioned, this force increases as the distance between
the anchor and the caver decreases; but the impact
force generated on the rope also depends on the
way the climber moves up the rope. If his movement
is fitful and jerky, the force transferred to the an-
chor goes from 90 newtons at 20 meters to 180 new-
tons at two meters, and 200 newtons at one-half
meter from the anchor. If the climb is fluid, these
figures diminish respectively to 85, 100, and 110. At
0.5 meter the value is nearly halved!

Try to climb as fluidly as possible, and more so
when climbing on thinner rope, approaching an
anchor, or when the quality of the rock is suspect.

8.2 Impact Force During a Rappel

Energy generated on the rope during a rappel is
less than that generated during a climb and has
little to do with one’s distance from the anchor.
During a bouncy rappel, the shock load transferred
to the anchor is about 150 newtons. If the rappel is
smooth, this figure reduces to half. Be careful with
auto-lock descenders: a bouncy descent of three
or four meters followed by an abrupt stop can dam-
age the sheath on thin ropes.

Grotte de Coufin. Photo 5. Caillault



8.3 Tandem Climbing

In tandem climbing, two peaple climb up the
same rope at one time, This technique is used
for climbing out of especially deep shafts, as
in Mexico for example; it is still not used
much in Europe, more for reasons of com-
fort rather than safety. Rope with a diame-
ter of 9 mm or more are strong enough for
use with this technique, but the climbers may
find it difficult to coordinate their move-
ments so that the oscillations made by the
first do not interfere with the second climb-
er's rhythm. Moreover, the taut rope under
the top climber may sometimes interfere

with the Croll grabbing the rope; the

foot ascender cam will also disengage
systematically if it does not have a
safety catch. We therefore rele-
gate this technique to emergency
situations (such as sudden flood-
ing or a rescue), or to particularly
deep shafts or slow climbs that
would otherwise entail a long wait
below.

.
7 7
~e Y,
Fig. 203 — Hold
your body as
close as possible

to the ladder
while climbing.

We rarely see cable ladders today except during
initiations and trainings. For the beginner, the ca-
ble ladder provides a more intuitive and assuring
climb than the rope alone. For training purposes at
least, we will now present an overview discussion
on this climbing technique. We need not treat the
finer points of rigging them in difficult situations,
since we do not encounter such scenarios.

For cave exploration, the ladder is useful for rig-
ging in vertical passages that lack maneuverability
or handholds, as in squeezes, narrow tubes, mud-
dy climbs or climbs with loose, unstable rocks.

Since our wire caving ladders have limited
strength (about 3 kN), and because there is the
ever-present possibility of human error, a safety line
should always be used. This can be placed either:
* as a fixed self-belay rope rigged alongside the

ladder;

* or as a belay rope held by a teammate at the
pitch head.

We no longer belay from below as we once did,
with a rope doubled and run through a pulley. Nor-

The Rope and

mal practice today has an expe-
rienced caver climb first and then
belay his novice teammates from
above. Another experienced
teammate remains below to
oversee each student’s technique
for tying onto rope and for
climbing.

9.1 Climbing

After checking that the ladder is
not twisted over itself and that
the safety rope is not tangled in
it, grab two consecutive rungs
from behind with each hand, at
about face level. The outer wire
cable on each side should be
held between the thumb and
forefinger. If the left hand is low-
er, the first foot to step up should
also be the left, so that thereaf-
ter the right leg and left arm
move up simultaneously. Then
the left leg and right arm move
up together, and so on (fig. 203).
This method ensures the best
vertical balance for the body
against the ladder. Like the arms,
the legs also wrap around the lad-
der, holding the body in close to the
rope. You thus step onto each rung from
the back, with your heels rather than your toes.
On the other hand, when climbing against a wall,
it is easier to step with your toes first, since you can
hold your balance more naturally along the wall.
For easier movement, place a knee on the rock to
provide some space between the ladder and the
wall. As with climbing on rope, look straight ahead
rather than up; this limits strain on your neck and
aids in breathing, which should follow the rhythm
of each arm stroke.

9.2 Resting

Contrary to popular belief, climbing a caving lad-
der requires more effort than climbing on ascend-
ers. Always try to conserve energy. Whether self-
belaying or not, you can stop for a rest by simply
clipping a cowstail into one of the side cables and
sitting back in your harness with your arms hang-
ing down (fig. 204). Because of stretch in the rope,
this method is better than hanging from the rope
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alone. Doing this causes you to lose some vertical
distance (fig. 205). If you are not self-belaying, be
sure to forewarn your belayer of your intentions.

"¥ What NOT to do:

Clipping directly into
arung on the ladder for
safety (as opposed to
the side cable) can bend
the rung.

Moving Through the Cave

Fig. 204 —Clip
into the ladder
with the short
cowstail 1o rest,
with arms
hanging down

9.3 Self-belay Technique

This technique allows the climber to safeguard him-

self on the rope without the aid of his teammates.

He should have mastered vertical self-rescue tech-

niques before using a self-belay technique; if the

ladder breaks or its anchor ruptures, he must be

fully capable of getting off the rope unaided.
Two techniques are commonly used:

1. Attach the harness belt to the rope via an upper
ascender (or a Shunt or Tibloc), connected by a
locking carabiner to the device's upper hole (fig.
206). Pass the carabiner directly (or via another
carabiner) into your seat harness waist belt, on
the side so it can't get caught in the ladder.

2. Attach to the rope using an upper ascender and
cowstail. Use a locking carabiner to connect the
ascender to the long cowstail through the as-
cender’s upper hole. Place the ascender at face
level on the rope (fig. 207). The arm should pass
between the rope and the cowstail to help pull
the ascender automatically up the rope. The
rope is thus at your back, and the ascender sits
over your shoulder.

Fig. 206 — Self-be-
lay 1o the harness
belt using a
carabiner.

7

Fig. 205 - Hanging
from the safety line
will cause you to lose
height due to stretch
in the rope.




Fig. 207 — Self-belay
using the cowstail,

Fig. 208 - Install and
lock aff the descender

Climbing Ladlders | m

The second technique is the most convenient.
When you arrive at the pitch head, it allows more
freedom of movement to step out of the pitch be-
fore removing the safety. In the event the ladder
breaks, hanging from the harness maillon is also
more balanced and comfortable than hanging
from the waist belt.

9.4 Rope Self-rescue

If the ladder breaks and you are not outfitted with

all your ascending gear, you will find yourself hang-

ing by a side ascender or by the cowstail ascender.

The only way off the rope is down:

1. Clip the descender into your short cowstail and
put it on the rope under the ascender, then fully
locked off (fig. 208).

2. Make an emergency footloop on the rope with
a clove hitch around one foot (fig. 209).

3. Holding the rope with one hand and the ascend-
er with the other, step up to remove the cow-
stail or carabiner connecting the ascender. Then
disengage the cam and remove the ascender
from the rope (fig. 210).

Fig. 209 - Place a

clove hitch around
the foat.

Fig. 210 -
Stand up and |
retrieve the b
upper as-
cender




172 | Alpine

Moving Through the Cave

Caving Technigues

4. Bending the leg to transfer your weight to the
descender, check to verify the correct position
of the descender and attachment carabiner on
the rope.

5. Unlock the descender and begin the rappel
(fig. 211).

Fig. 211 = Unlock the
descender

" What NOT to do:

Linking the descender directly to the attach-
ment carabiner and harness maillon (as usual) will
prevent you from fully extending your leg when
removing the ascender.

9.5 Belaying from Above

Three devices can be used:

* aMunter hitch, as described in fig. 70; this is the
most adaptable.

« An ascender, either alone (fig. 212) or used with
a pulley (fig. 213), or integrated mechanism such
as the Petzl Mini Traxion or Traxion (see fig. 108).
The belayer brings up the slack in the rope be-
low the ascender as the teammate climbs.

« ATibloc linked to a carabiner.

Fig. 212. — Belaying from
above with an ascender.

Fig. 213 - Belaying from
above with a pulley-as-
centler device.



If the ladder breaks, the vic-
tim is completely dependent
on his belay partner, who
should be perfectly familiar
with rope rescue techniques.
The belayer must be able to
raise a heavy load using a
haul system (shown here in its
simplest form, fig. 214) or a
counterweight (see M.8) and
must also know how to lower
that load using a braking sys-
tem such as a counterweight
with a descender (fig. 215) or
the Miinter hitch. The pre-
ferred method will be chosen
according to each situation,
particularly based on the dis-
tance between the site of the
incident and the top of the
pitch.

Fig. 214

Raising a
load using a
haul system.

Fig. 215 — Lowering a
load using the coun-
terweight method an

a descender
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K Rigging the Cave

1. Basic Principles

Now begins the most exciting part of this book.
We travel through known caves by simply applying
our individual techniques to the rigging already in
place. Rigging past an obstacle, on the other hand,
is an act that projects the caver into the very heart
of exploration, and this is the essence of caving.
But rigging is not an easy matter since it also im-
plies altering the cave.

The joy of discovery is difficult to temper: stand-
ing above a gaping shaft that disappears into dark-
ness, invirgin passage, before a raging underground
river or a chamber full of splendid formations, cavers
naturally tend toward action. But before opening
the bolting kit or delving into the unknown won-
derland ahead, stop a moment and consider the
possible consequences of your acts. Your intrusion
into this unexplored realm will inevitably impact
its environment, until now untouched and unpre-
pared for your sudden arrival. When speaking of
respect for the cave environment, everyone agrees
it is important. But unfortunately, the concept
means different things to different people.

Most cavers know that from the moment of dis-
covery you should move slowly and carefully
through a gallery packed with pristine formations.
This could require removing your boots, walking
single-file on a designated path, using the utmost
care with every movement, and flagging the path
so as to leave the least impact as possible. These
are simple and effective measures that cavers have
begun to practice more often and with better suc-
cess in recent years,

In the case of archeological discoveries, greater
caution is even more important: you must stop at
the very moment of discovery, even though it may
already be too late. Such discoveries are so rare that

many of us are little prepared to react appropri-
ately. Is this simply a piece of flint? You may not
realize its true significance until you've already
picked up the object and unintentionally (and with-
out much forethought) taken it from its original
resting place. Visiting the Grotte Chauvet, it is im-
pressive to learn of its discoverers’ remarkable self-
discipline when they came upon their extraordinary
find. From the outset, they tempered their excite-
ment and subordinated their explorers’ instincts to
the protection of the cave. We can all learn from
their example.

In these special situations the need for rigorous
protection is well understood and usually well re-
spected. But in a less remarkable cave the explorer
may not be as conscientious of the influence that
his choice of rigging will have on the cave’s integrity.

Rigging an obstacle in a cave makes it accessible
to humans; it also affects the natural state of the
site, modifying it in some way and often irrevers-
ibly. There's no need to talk of more extreme meth-
ods here, explosive or otherwise. Drilling in the rock
to place an anchor, using a stalagmite as a hand-
hold, or stepping on the edge of a rimstone pool
all represent permanent alterations to the cave en-
vironment. The intervention not only modifies the
cave but it also directs the way in which future vis-
itors will move through it.

Take the time to think before you act!

We are usually aware of the need for both safe-
ty and convenience when rigging past an obstacle,
but we are unfortunately less inclined to think of
protection. With time, the mere movement of
cavers through the cave will create a recognizable
pathway, but it will also degrade the passage. Do
your best to limit this deterioration from the out-
set. At pitch heads, moving an anchor placement
just one meter to the side could save a pristine
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white flowstone column from muddy handprints
or black boot scuffs. In stream passages, raising a
hand line 50 cm could prevent your turning a beau-
tiful fossil into a foothold...until it breaks!

While nothing about rigging is without some
consequence for the cave, you at least have some
choice in how you rig that can help limit your im-
pact. Responsible decision-making rests entirely on
the head of the caver who is rigging. Will he make
the right choice? The cave and its future visitors
depend on it. If it's a bad choice, not only will it
lead to irreversible degradation to the cave andfor
difficult travel through it, but this will be good rea-
son for a more enlightened caver to come along
some day and question the rigging. He will then
have to decide between the lesser of two evils:
damage the cave more to rectify the problem, or
leave the faulty rigging in place, even though it
may already compromise the natural state of the
cave or the safety of its visitors?

Rigging is a demanding activity that no one
should undertake without the proper training and
a full understanding of the responsibilities in-
volved. Both of these prerequisites call for willing-
ness and reflection. Even an experienced caver
would do well to share his thoughts and fears with
his teammates when perplexed by a difficult rig-
ging situation. We are generally more intelligent
when we put our heads together to solve a prob-
lem, at least until we reach that critical mass of too
many people with too many opinions!

Good rigging ensures the safety of the user with
the least possible impact on the cave environment.
Repeating this tenet may fix the idea in some
minds, but putting belief into practice is easier said
than done. Who is to say where the truth lies ? Here
as elsewhere, hell (as Sartre put it) is indeed other
people: the person who is rigging may have a ten-
dency to rig the obstacle according to his own abil-
ities or preferences,

You obviously don't need to transform a nar-
row crawlway into a boulevard under the pretext
that you are a bit large around the middle, or
change a short climb into a staircase to ensure the
safety of those who can't climb. Fortunately, over-
weight people can lose weight, and beginners can
improve their skills with practice. Once again, aim
for an average skill level and try to rig with a min-
imalist style; it's easier to add an extra support lat-
er than to remove one that's in place, without leav-
ing the obvious trace of redundant rigging.

¥ Key point:

So this is the golden rule: Rig first with your
brain, then use your hands. In the end, it's not so
hard to do. Anyone with a solid conservation ethic
and a good sense of awareness can add the plea-
sure of good rigging to the joy of discovering new
cave.

2.1 Fundamentals

In the case of an incident or accident, pits obvious-

ly pose the greatest risk of serious or fatal injury.

Special care should be taken when rigging any ver-

tical pitch, and consideration should be given to

the following basic principles:

* Good rigging is ergonomic and easy to use, re-
quiring the minimum amount of effort and thus
less energy (given, of course, a normal physical
condition and skill level). In caving, the accumu-
lation of wasted effort will inevitably lead to
exhaustion, the weakest person being the first
to suffer.

* Rig safely so that if an anchor fails, it will result
in neither a dangerous fall for the user, nor pre-
vent him or her from continuing to descend or
climb the rope.

* Good rigging ensures the integrity of the rope,
on which everyone's life depends. Protect the
rope from all possible abrasion from rubbing
and contact with the rock by using deviations
and rebelays. Be sure that the rope always hangs
free of the rock.

* Your rigging should be beyond reproach from
the outset. Saving an eventual improvement for
the next trip is not only inefficient but danger-
ous: the desire to “go further” could send your
good intentions flying...

= Rigging should be simple, clear and straightfor-
ward, making the means of travel obvious and
understandable. If a rope is too long, its excess
length should be tied off and coiled—and a knot
always placed at its end—to avoid confusion
with the trailing rope.

« Beware of unstable rock, especially in virgin cave
passages: loose breakdown or dubious boulder
chokes, rocks suspended in dangerous places of
passage... Always correct or avoid these prob-
lems while rigging before maoving on.



s Always rig outside of potential flood zones, far
enough from water flows to allow an emergen-
cy exit even in unusually high flood conditions.

s Good rigging conforms to basic principle of re-
spect for the cave environment, as explained in
the above section.

All that remains is putting principle to practice...
But, you might say, that seems like a lot of condi-
tions! Yet they are all very important, especially the
one that stresses perfect rigging from the very first
descent. In exploration, we tend to rig “light” in
order to see whether the cave continues, telling
ourselves that if it doesn‘t, we won't have needed
all those backup anchors. If it does, we have more
equipment left to go further. This reasoning con-
fuses speed with haste and doesn‘t hold up well:
multiplying all of these little risks increases the po-
tential for a major accident; the immunity that
we've enjoyed up to now is no guarantee for fu-
ture safety,

Perfect rigging does not necessarily imply
definitive rigging. Nothing prevents you from de-
scending into virgin passage on a chock backed up
with a sling around a natural anchor. But if the
shaft continues, the rigging should be changed.
Though it is sufficiently safe for two or three peo-
ple, it isn't safe for repeated use.

2.2 Dividing up Responsibilities

In the traditional two-person team, rigging is left
to the lead person while the second acts as
assistant. The secondary role is much less exciting
and, since this caver is less active, it can be hard to
stay warm. One solution is to switch roles from time
to time, as long as both teammates have the same
skill level. A homogenous pair is more efficient
since partners can switch rales; a team having just
one member with the adequate skill level means
that if the leader is too challenged, it's time to turn
back.

Some suggest splitting the task of setting an-
chors between the two: the first sets one of the
two anchors needed for the pitch, the second sets
the other. This seems an attractive proposition at
first glance: it helps both teammates stay active and
warm, and it saves time. However, it doesn't really
ensure proper safety: the leader does not have the
safety of both anchors at the pitch head, nor those
that he would need for a safe descent (in case of a
pendulum, for example). Yet he will take the most

Ricging Vertical Pitches

risks in this first descent. There are so many poten-

tial hazards in virgin passage: the rope could get

stuck on a rock blade, a natural anchor could fail, a

rockfall could occur, a bolt could come loose... In

general, the lead person should finish rigging each
step before moving on to the next.

That being the case, the activity of the second
teammate is limited to:

= setting the backup anchor at the beginning of
the traverse line leading to the pitch head while
the lead person sets an anchor at the drop,
whether this double maneuver can be safely per-
formed without a belay or with self-belay;

* modifying the original rigging if the lead per-
son sees the need for it as he descends, The most
typical situation that arises is when the first per-
son down sees an unexpected rub point once
he has descended past it on the rope. He then
leaves the necessary slack in the rope for the sec-
ond to follow and place an intermediate anchor,
while he himself is setting another below if nec-
essary. The second then has the opportunity to
warm up while correcting the rigging.

3.1 Choosing Rope Lengths
If your club keeps good documentation of caves
and cave surveys, you should be able to find the
right rigging information for the next trip to a
known cave. This of course doesn't apply if you
have a new or continuing exploration to look for-
ward to. In the latter case, you need some knowl-
edge of the mountain or karst area concerned, and
particularly the morphology of the known caves it
contains. This will help you determine the amount
of rope you should take. Quantity will depend on
the size of your team and the projected duration
of the exploration. Rope size will depend on the
technical level of the team and the expected fre-
quency of use,

3.2 Preliminary Check

The condition of all ropes should be checked again
before or when they are packed into their packs.
During this last examination, each rope should be
uncoiled and checked both visually and manually
for any possible damage to the sheath, or varia-
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tion in diameter or softness that would indicate an
alteration in the core. Performing this last check is
important, even if the ropes were already checked
when they were washed after their last use. We
have in fact seen incidents when improperly stored
ropes had undergone an alteration, or even served
as dinner for the local rodents!

3.3 Knotting the End

This is more serious than it first seems. Despite all
the precautions taken, serious and even fatal falls
have occurred, and still occur, because a safety
"stopper” knot was not placed in the end of a rope
that was too short to reach the bottom of the pitch.
This hazard has been somewhat facilitated by the
Sa IO Prattite K TEaviig e Tope h T Path
during the first descent. If the rope is too short,
there is little time to stop since the end comes out
of the pack at the very last moment. Slow reflexes
at this point could mean a guaranteed free fall,
unless there is a stopper knot in the end of the rope.
The knot can be a simple figure eight, not too
tightly dressed, placed about a meter from the rope
end. If another rope is to be joined to this, make
an end-to-end knot by threading the second rope
back through this first figure eight.

Fig. 216 — The end-line safety
Ioop prevents the potentially
fatal risk of a free fall when
the rope does not reach the
bottom of the pitch

Make a figure eight loop instead of a normal
figure eight. This is your “end-line safety loop.”
During rescue operations, this is how we distinguish
the end of the progression rope (end-line safety
loop) from the stretcher's haul line (safety loop pre-
ceded by an overhand knot) and from the belay
e lsafeng\nog greceded oy e aueroand eaekay .

Get in the habit of using these simple and effective
codes. Another advantage of the safety loop: if the
rope is too short, a triple figure eight can be made
by rethreading the second rope through the first
knot. A changeover loop is then available for clip-

ping into when passing the knot on rappel,

The end-line safety loop is perfectly safe: the
worst that can happen is that your descender will
come down and jam on it. This knot has only one
tlaw: if you can't see it, you may have forgotten to
tie it, and still think you did! So always remove it
from the pack and check it before the first rappel.
This also calls for a small precaution when packing
rope: don't forget to check for the safety loop, your
life depends on it.

3.4 Packing the Rope

When visiting the classics, you will know your rope
lengths and can pack the ropes length-by-length
in consecutive packs in the order in which they will
be used, the first rope being at the top of the first
yatn.

In exploration, pack the longest ropes by
lengths and place shorter ropes folded in small coils
on top. When approaching a deeper drop, transfer
the coils to another pack for easier access to the
longer rope.

In both cases, packing a rope involves first plac-
ing a safety knot in the end and leaving this to hang
on the outside of the pack. Then stuff the rest of
the rope inside, either length by length (fig. 217)
or by handfuls (fig. 218). It is best not to make loops
in the rope as you pack it (fig. 219) because they
can get twisted and cause the rope to tangle as it is
removed from its pack. For optimal use of space,
pack down the rope by bouncing it a few times on
the ground.

¥ Key point:

Once the rope is packed completely, the lower
end with the safety loop should be placed inside
on top of the packed rope. It will lie next to the
upper end that is to be rigged at the top of the
pitch. Run this free end through the safety loop (or
tie it with a half-hitchéslip knot), so that you can
find it easily when you need it by simply grabbing
the safety loop.

If enough space is left, place another rope on
top to be used for the preceding pitch.

When opening the rope pack, expect to find

e sakeiy \ong =od of the toge ek s e el

and if it is not there, make one. The safety loop
must be brought out of the pack first, and with it
you will have the upper end as well. Leave the
safety loop to hang visibly just outside the pack,
and you know you're safe in case the rope is too

short.
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Fig. 218 - Packing
the rope by hand-

Fig. 217 - Packing the rope . Fig. 219 - Packing
length-by-length the rope in coils will
cause it to tangle

To do:

* \When packing long ropes, pass the rope through ~ Fig 220 - Use a return
a carabiner installed directly above the rope  carabiner or pulley when
pack. This can be attached with webbing to a g g vepey
tree branch, a section of wall, a rock outcrop, or
even a colleague, who can stand over the pack
and hold it open at the same time (fig. 220). This
is a fast, easy way to pack the rope.

» Throw some water on stiff ropes before pack-
ing them; this softens them and makes them
easier to pack, though it also adds some weight
to the pack.

A normal sized rope sack can hold 100 meters of
9-mm rope. Naturally, there is much more to carry
than just rope. The lead person will set off with the
rope, a bolting kit and some slings, chocks and pi-
tons; the second will carry extra carbide, batteries,
food, extra hardware, and a reserve hand driver
and hammer. If two packs aren’t enough, you will
need three, but this isn't too bothersome as long
as the pitches are close. Besides, the first pack will
soon be empty.
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3.5 Approaching the Pitch Head

Let's go underground now and apply some of the
things we‘ve learned. Turning the corner of a me-
ander, the floor suddenly drops and the cave walls
fall away into a promising darkness... It's time to
rig! This would also be the case for climbs that
aren't so deep but still present a risk of falling. Suit-
ably belayed, the lead person will check the pitch.
He should not only rig the pitch, but make the ap-
proach safe, taking into account fatigue, heavy
loads, and the possibility that lighting will not be
as good on the way out.

3.6 Clearing the Site

Safety requires that we clear the pitch head of any
objects that could eventually come loose and fall
down the pitch later: wedged or loose rocks or ac-
cumulated mud should be pushed down the drop.
This is also a great opportunity for a preliminary
sounding. If you are standing on flowstone, test it
with a few hard kicks; the surface crust is some-
times thin and may come away under your weight.

3.7 Checking Pitch Depth

Back in the day of cable ladders, which were only
available in standard five- to ten-meter lengths, we
had to know the exact depth of the pitch. We rigged
these by unraveling successive ladders and connect-
ing them together as we moved downward. If too
much length was used, it would accumulate at the
bottom and we either rolled up the excess length
or changed the last ladder length. Such complica-
tions are now rare. It is easy to stop during a rappel
and add length to a short rope or have a teammate
change the rope for one that is better suited to the
pitch. And it isn't a problem to change over from
rappel to climbing if you think you need to go back
up the rope. So knowing precise depths are perhaps
not so important nowadays, and you can be content
with an approximate guess. At less than 25 meters,
the beam of an electric headlamp will suffice for es-
timating the depth. Beyond that, you will need to
let a stone fall (it should not be thrown) and then
count the seconds until you hear it first hit. Any ric-
ochet will alter the measurement. We use the for-
mula D = 35 + 25 (T-3), where T stands for the time
counted until the first contact, and is viable between
25 and 100 meters, which applies ta most situations.
Let’s just take three numbers to get an idea of
sounding depths: three seconds corresponds to 35
meters, four to 60 meters, and five to 85 meters.

. Natural Anchors

Since they are already in place, natural anchors save
us a lot of time during exploration. These should
of course be solid and secure, and situated to en-
sure a good hang for the rope. They are often bet-
ter for use with traverse lines (less demanding po-
sitioning) than with pitch heads since Mother
Nature didn't exactly consider cavers when She
made the caves!

4.1 Precautions

Check every natural anchor first with a hammer; it
should not sound empty or hollow when hit. Once
you know it's solid, you may want to smooth out
the surface a bit (with the hammer) if it has any
sharp ridges.

Depending on its shape, one carefully tested
natural anchor is often enough, though it should
still be rigged with a backup as well (webbing plus
rope, or two slings of webbing, etc.). To prevent
wear when rigging at mid-rope, install the rope
first on the natural anchor, then make a rebelay on
the same anchor using an additional sling (figs. 221-
222). Natural anchors such as bosses or projections
should be rigged to avoid all possibility of the sling

Fig. 221 - Double anchor
on a natural projection

Fig. 222 — Double anchor
on a natural bridge
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coming off if a sudden movement somehow chang-
es the direction of pull on the anchor. This could
happen with the rigging shown in fig. 223.

Don't leave the rope fastened loosely around
the anchor point; instead, either rig the rope with
a self-tightening double loop (fig. 224) or a girth
hitch (see section 4.5), though this knot weakens
the sling by about 20%.

4.2 Trees

When we find them in the right place, trees are
great anchors for entrance drops. As long as they
are still alive, mature and well rooted in the
ground, they are generally very solid. A good, solid
tree can be used alone as a double anchor: attach
one sling with a carabiner to the down rope taking
its tension, and rig the upper end of the rope (free
of tension) as a secondary anchor (fig. 226).

Fig. 223 - If the direction of Fig. 224 — A self-tight- Fig. 226 — Rigging to & tree.
pull on the rope changes, ening rebelay loop
the sling could slip off made with webbing.

4.3 Formations

Stalagmites are tempting anchor points but they
must be carefully tested before use. Some may have
formed over a sub-layer of clay, from which they
can detach without warning under relatively little
tension. Others are less solid and will break up un-
der pressure from the rope. Formations shoufd be
girdled as close as possible to their bases to avoid
any risk of rupture from overloading.

Fig. 225 — This kind of faulty ngging can be extremely
dangerous if the upper loop slips off,

4.4 Rock Outcrops and Flakes

Flakes are particularly sturdy when they are an ex-
tension of the bedrock. However, they sometimes
have sharp angles that you should soften before
rigging. Do this with a hammer but be discrete -
you don't need to remodel the entire wall, just try

The rigging shown here is strictly forbidden: the
slings installed around the stalagmite are not
correctly attached to the carabiner. If the upper
sling pulls off the anchor point, the carabiner
will come away and a fall will result.
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Fig. 227 — Rigging 10 a

to reduce possible damage to the rope (see page
rock flake with a sling.

1 “* 180). When rigging around this, use a sling or an
R auxiliary length of rope to protect the primary rope
J from abrasion (fig. 227).

= 4.5 Eyeholes and Jughandies
The frequency and strength of eyeholes depends
largely on the nature of the rock. We often find
these in river passages since they are the result of
an active process of corrosion. If they are strong
enough for use, they are very practical. They
— also require auxiliary webbing or rope (figs. 228
r~ and 229).

Rigging the Cave

4.6 Rocks and Chockstones

Large rocks or boulders on the ground are a good
departure point for hand lines. Always check their
base. If this is in clay or loose rocks or pebbles, the
rock isn‘t likely to withstand the traction placed on

Fig 229 - lughandle rigged } PGy d
with a webhbing shng. % : N (
; .;'\._: = ‘3 - =
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Fig. 230 - Rigging around a boulder with a double sling.
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Fig. 228 — Eyehole rigged Fig. 231 - If the rope is rigged with only one sling, it must be
with webbing on a girth hacked up at a second anchaor point, shown here as the fad-
hitch. ing rope end,




Fig. 232 - Anchoring on a chockstone jammed
between the walls of a rift

it. A chockstone wedged firmly between two walls
is stable, but it could come loose if you try to place
aboltin it (unless it's a large boulder). Rig it with a
sling, which should be doubled if the rock is the
only anchor (fig. 230 and 231). Make sure the rock
cannot turn on the axis that joins its two points of
contact with the walls. In narrow meanders,
wedged rocks (they should be very tightly wedged)
are convenient when there is not enough space to
place a bolt in the wall (fig. 232).

4.7 Using Slings

When we rig on natural anchors, we generally use
slings made of rope or more often webbing. Since
there is generally some abrasion between the an-
chor point and the slings, they wear out fast. Check
them systematically and change them often. Install-
ing a length of webhing at the beginning of a
traverse line or a pitch requires a backup for safety.
You can make this secondary anchor by simply
backing up the webbing attachment with the rope
(fig. 233). At a rebelay you consider to be solid and
safe, there is no need to backup an anchor rigged
with webbing: the attachment point of the previ-
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Fig. 233 — At the start of a traverse, rig a protective webbing
sling aver & rub point and back it up with the rope,

ous rope length provides the
safety (fig. 234).

A sling made from rope is
somewhat safer than one
made from webbing. In fact, a
rope sling has some shock ab-
sorbing capability while web-
bing is inelastic. Rope is also
stronger: even if its sheath is
completely abraded, the rope
still retains 70 % of its initial
strength. Abrasion on web-
bing is more difficult to detect
and tends to spread more eas-
ily, and faster. Depending on
the type of weave used in mak-
ing the webbing, total rupture
can occur quite rapidly.

Fig. 234 — If the jughandle
at a rebelay is considered
safe, the upper rope suf-
fices as the backup.




5 Placlng a Backup Anclwr
at the Pitch Head

5.1 General Principle

You can never totally exclude the possibility that
an anchor will fail. There are a thousand possible
causes for this: bad rock, forgetting to place a cone
in the sleeve, a rock overhang coming away, or a
broken screw head are just a few examples, If the
anchor holding you comes out and it is the only
one rigged, you will find yourself taking flight with-
out the proper gear or training to make an emer-
gency landing. Never take this risk, no matter how
deep the pitch may be.

Don't be tempted to minimize the risks involved
in passing a lesser pitch, and remember that great-
er stress is transferred to the anchor as you
approach it. You can just as easily kill yourself in a
five-meter fall as you can in a 50-meter fall; the
only difference lies in how you will look when they
find you. With a backup (or doubled) anchor at the
pitch head, the likelihood of a fall resulting from
two anchor failures is almost nil, at least if you've
allowed the minimum distance of separation be-
tween the two.

Rigging begins with cleaning and securing the
approach. Then you must find the ideal line of de-
scent that will prevent all contact between the rock
and the rope (and thus abrasion to the latter), as
well as possible exposure to a waterfall in the event
of a sudden flood pulse. Looking for this often re-
quires you to lean out over the pitch or climb in
opposition to a point just above it, which should
only be done if you are belayed by your partner.
The primary anchor should be placed at the point
where this ideal axis intersects the rock. Check its
trajectory by dropping a rock or dangling the rope
from this point.

Important: your comfort while bolting should
not affect the placement of the primary anchor.
Even if it's a bit difficult to hold your position, it
only takes a few minutes to perform the opera-
tion. What a pain to find those bolts placed in
comfort without regard for the rope's trajectory
at the start of a meander or a corkscrew, which
then requires a rebelay or deviation just three
meters down ! There are several solutions to this
problem.

* Choosing the best anchor placement requires
you to account for both the configuration of the
approach and the best use of your gear.

Surprise River Caye, Papua New Guinea. Photo U. Widmer



s Ifitis possible to place two anchars and the sec-
ond allows you to avoid a further rebelay dur-
ing the descent, opt for this. Then decide on the
most logical location for the backup anchor.

* Key points:

Once all this is done, ask yourself the two ques-
tions that will either confirm or invalidate your
choice of placement:

1. What will happen to the rope if the primary an-
chor fails? :

a. If the new position of the rope still allows you
to safely continue down to solid ground or to
the summit of the drop (albeit with greater
care), then the rigging is safe.

b. If the rope risks rubbing dangerously against
the wall or a ledge once it is held by the sec-
ondary anchor, it will prevent safe progression
in either direction on the rope and the rig-
ging is thus faulty.

5.2 Primary and Secondary
Anchors Offset Vertically

Fig. 235 - Some slack
is acceptable here,
but you will feel an
unpleasant shock If
the primary fails.

Fig. 236 — If the pri-
mary fails, the rope
in tension between
the P and S takes
the load without a
shock, insuring bath
comfort and safety

2. What will happen to YOU if the primary anchor
fails?

a. If a pendulum swing brings you safely to rest
below the secondary anchor, then the rigging
is good.

b. If this pendulum has a dangerously high an-
gle or risks hurling you violently into some ob-
struction, then the rigging is faulty.

Of course, your choice of rigging is satisfactory
only if conditions 1a and 2a are both satisfied.

While there are an infinite number of rigging
configurations, the possibilities for correctly plac-
ing two anchors next to each other are rather lim-
ited. We will illustrate these here, with P represent-
ing the primary anchor, and S representing the
secondary anchor,

Fig. 238 — This rigging ex-
poses the rope and the caver
to a fall factor approaching
2. Inadmissible.

Fig. 237 — There 15 no need
for slack between S and P
It P tails, it increases the
fall distance and therefore
the shock load, even if the
fall factor remains below
one and does not reach a
dangerous level. Another
disadvantage: this configu-
ratron wastes a lot of rope.

fig 239 —In this
“false factor 2" con-
figuration, placing a
knot on the primary
anchor rape at the
level of the second-
ary reduces the po-
tential fall to a much
lower value
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5.3 Anchors Placed
Side-by-side

Rigging the Cave
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Fig. 242 - The idea of pro-
viding a feotloop for com-
tort in changing over is
good, but the method is
defective ! failure of the pri-
mary could lead to twisting
of the carabiner. If it is then
side-loaded, it could break

Fig. 241 — The slack between S and P is un- under the load, causing a

necessary and dangerous. In case of failure, very unpleasant fall factor,
Fig. 240 - Placing both an- it rases the fall distance and thus the shock Make the footloop with an
chors side by side still pre- force, though the fall factor remains below overhand knot tied as close
sents some risk if the pri- danger level. Again, another disadvantage s as passible to the two fig-
mary tails. the useless waste of rope. ure eight knots.

Fig. 243 — With this rigging, failure of P will prevent a safe climb back up; ar, if the failure occurs
while the ciimber s approaching the anchor, he will be knocked violently against the wall.

Fig. 244 - With this rigging, the anchor plate could break under the shock load following the failure of the backup anchor.
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Fig. 245 — In any case, it is best 1o rig with two anchors backed up to a traverse line that is also backed up.

5.4 Y-Belay (Y-hang, Y-rig)

This arrangement divides the load between two an-

chor points. The axis of the pit rope follows to nei-

ther anchor directly. Y-belays are especially useful
in the following three cases:

* in meanders (anchors on opposite walls), where
it helps prevent abrasion to the rope;

» when the walls have no overhang, as in a fun-
nel pitch or when there is a bank or outcrop just
below the pitch head. Only Y-belays and devia-
tions will provide a free hang;

» when rigging light (see pages 205 and beyond),
this best rigging divides the load between two
anchors, avoiding a shock load in case one fails.

Knots used for Y-belays are described on pages
74-75. The most common are the double bowline
on a bight (see fig. 57) and the double figure eight
on a bight (fig. 246). We can also connect to the far
anchor with a simple loop in the rope, joining this
to the near anchor with an intermediate loop knot
(fig. 247). This method saves the most rope.

* Key point:

* Never place your climbing equipment above the
center knot, since this area is not protected by a
backup anchor.

* We once feared that a greater angle between
the two anchors of a Y-belay would consider-
ably increase the load on each anchor. In fact,
we have found that this angle cannot go be-
yond 120 degrees in practice because the knots
tighten and the rope, being somewhat elastic,
begins to stretch. So, there is no great danger in
this respect.

Fig. 246 — Y-belay made
with a double figure eight

on a bight

Fig. 247 — Placing a simple
figure eight loop with an
intermediate loop knot
makes an easy Y-belay
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If one of the two anchors in the Y-belay fails,
there is no appreciable shock or pendulum since
the secondary is already under tension, so there
is no resulting fall. The smaller the angle be-
tween the two anchors and the smaller the
length of rope separating them, the smaller the
resulting pendulum.

To do:
There are four ways to clip into a Y-belay with

your cowstails:

1.

4,

Clip into one of the two arms formed by the
double bowline on a bight or double figure
eight on a bight, taking care to only place the
carabiner through one strand of the loop and
NOT over both.

. Clip into the loop on EACH of the two arms.
. Permanently place a safety carabiner in the loop

of each of the two arms, and clip into this.
Make a butterfly knot under the Y,
The second and third options are easier to do

when the Y-belay has been made with a bowline
on a bight rather than a figure eight on a bight.

" What NOT to do:

Never place an anchor plate so that it will not sit
in alignment with the rope’s line of descent if
the primary anchor fails (fig. 244, page 186).
Never clip around both strands of one arm on a
Y-belay.

Never place the central knot higher than the sec-
ondary anchor (fig. 249).

Fig. 248 — If P tails, only a pendulum
swing results. Mo appreciable shock

Fig. 249 — § is excessively low
and can cause a considerabhle
and avoidable shock if P fails

uinea. Photo J.P. Sounier

Papua New G



Since you must rig so the rope hangs free, ap-
proaching the anchor at the pitch head often
means being exposed to a possible fall. You need
to secure the approach with specific rigging.

Even if the approach seems easy (wide turn, easy
chimney, good hand Rofdsf, danger stif exists and’
one wrong move or loss of balance due to a heavy
load could lead to a fall. You need to fix a traverse
line. Secure both ends to reliable anchors, and safe-
guard your passage by clipping in with one or both
cowstails. Alternate with both cowstails if the

——traverse has intermediate belays.

12 To do: Install the traverse line high. A fall will
place less stress on the anchors (fig. 250).

Fig. 250 - Traverse lines should be rigged at about
chest level to avoid higher fall factors.

K\Z P " Fig. 251 - self-belay with

the upper ascender

L
L

Fig. 252 - Self-belay
with the descender.

Once you have secured the first anchor, you can
belay yourself two ways:

s with the upper ascender attached to a cowstail.
During progression, lower the ascender as if
down climbing, releasing the cam by pressing
down with the thumb or fingertip (the safety
catch remains closed; fig. 251).

e with the descender. Place an overhand knot as
safety on the lower rope. Stopping on this al-
lows you to free both hands. You can lock off
the descender, making sure that the upper rope
remains in constant tension (fig. 252). In both
cases, the rope should be carried in its pack, at-
tached to your harness with a carabiner or on a
tether, and fed out as you progress. Once the
first bolt of the primary anchor is in place at the
pitch head, belay the traverse line to this. The
descender will unfortunately produce some
slack when you remove it from the rope, so you
will need to take out the excess slack in the
traverse line before attaching it.
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6.1 Safety Traverses

These are rigged for safety only when the approach ¥

is judged very easy (fig. 253). A solid natural an- ‘A

chor doesn’t require a backup since you won't load

the rope with your cowstail unless yousslip. You can | i

fasten the rope for the backup belay directly 1y 563 - A simple safety traverse line ? i
|

around the natural anchor since abrasion will only can be placed for easy approaches 4
occur in the event of a fall. f

6.2 Traverse lines for Travelling
When the approach is exposed or
more difficult (fig. 254), you need
the traverse for safety and bal-
ance, placing all your weight on it
with your short cowstail, arms, or
otherwise. You must therefore in-
stall an additional backup anchor
above the primary, and rig both
anchors to avoid possible abrasion
to the rope. At the lower end of
the traverse, both anchors at the
pitch head are rigged in the same
way, but the anchor plate holding
the traverse line must be on a suit-
able axis with it when the traverse
is loaded.

By their very nature, traverse
lines are difficult and athletic to
rig. When you rig to avoid water-
falls for example, the rock is often
smooth and perhaps even over-
hanging. If you are rigging, have i
your partner belay you {and de- Fig. 254 — The traverse must be backed up for protection as soon as the risk
pending on the circumstances, of a fall is present.
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Fig. 255 -

may need to leave your pack behind). You have

three possibilities for continuing:

1. Hanging from the previous anchor point, or sim-
ply clipped in if this is nearby, move to the next
point using the appropriate safety (descender,
ascender; fig. 255).

2. Free climb the traverse (figs. 256, 257). If more
difficult passage presents a risk of falling, you
should be belayed on dynamic rope.

3. Use aid climbing techniques (see K.12).

Once you have reached your goal and while still
on belay, steady yourself firmly (using a sling, pi-
ton, chock, or in opposition, etc.) before installing
the first bolt. Clipped to this, set the primary.

The rope can be rigged two ways.

1. If the same rope is being used for both the
traverse line and the pitch, clip into the anchors
you have just installed, check for the stopper

Progressing on self-belay while rigging a traverse line

ties the excess length, and hangs it from the
backup. He joins you, tylng the knots on the
traverse as he goes o

With frequent use, traverse lines are highly so-
licited and can wear more quickly from abrasion,
particularly when rigged against convex walls and
at localized contact points. You can minimize this
contact by placing more rebelays in the line as nec-
essary.

3 Key point:

Avoid rigging long, unbelayed traverse lines as

much as possible, because:

« an unbelayed line will produce more sag in the
rope when loaded, which pushes the upper
body away from the wall and requires us to com-
pensate with our arms. We also have to expend
more energy to climb back up the rope when

KNGO INSNE TOpE BND, ant DEGIN IOWENNY e
rope down the pitch. Tie the appropriate anchor
knots and adjust the tension.

. Ifthe traverse line is separate from the pit rope,

clip into the anchors you installed and get off
the traverse rope. Rig the end of this to both
anchors at the pitch head. Your partner adjusts
the tension on the traverse anchors, coils and

We TEL e i,

the line is farther from the wall at the middle if
it crosses a concave wall, which requires us to
adopt a bridging position or even treat it as a
tyrolean.

when returning to the cave after a long absence,
it is difficult to judge the condition of the rope
and rigging from a distance,
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Fig. 257 - Once the exposed passage Is
safely rigged, retrieve the belay rope.
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i To do:
* Keep the line on the same
wall. This helps you avoid
more difficult opposition
maneuvers to get past (fig.
258). If this is unavoidable,
rig high to allow passage
underneath the line (fig.
259): having to step cver it
often requires an unstable
balandng act that could Tig, 258 - Classic noging for a canyon traverse . the 1ope emains on the same
end with someone hanging wall for easier progression.
upside down !
For difficult traverses, it is
helpful torig a line or cable
for the feet. This improves
SRR NG FRBues 529 N
the ;‘ppe and wear to it, so
you pltimately use less en-
erg,y in passing. If footholds -
are lacking in particular ar-
-~ eas, rig etriers or footloops

Rigging th¢ Cave

(flg 260). Fig. 259 — Another scenario: where the rock is fractured or disintegrated, the an-
chor is moved to the opposite wall and placed higher to allow easier passage
"
" What NOT to do:
Never leave excess slack in

a traverse line.

Fig. 260 - Rig etriers or
footloops in difficult spots.

6.3 Sloping Traverses

These progression traverses require a double an-
chor at the first rig point. They are easier to rig
when you are secured on a descender. Depending
on the passage shape, the following pitch may or
may not require a backup anchor. Decide this by
starting with the same guestions as above: what
would happen if the anchor fails here, for the rope
and for me? If there is a potential hazard, back it
up (fig. 261).

Once rigged, the slope will determine whether

: you descend on cowstails — braking with your hands
Fig. 261 - Sloping traverse line = any g .
point where there is the risk of a fall is - or on a descender. When climbing, use your up-
backed up

per ascender attached to the long cowstail.
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Fig. 262 — This tyralean is releasable at hoth ends, on the left with an auto-lock
descender and on the right with a Manter (Italian) hitch and mule knot.

Fig. 263 - Tensioning the
temparary tyrolean with a de-
scender on a haul system

6.4 Tyroleans

These are the first cousins of traverse lines, only
more athletic and aerial. They should only be
rigged when there is no other viable option for rig-
ging, and are reserved for crossing spaces that are
far from any walls (pits or deep pools, sloping ty-
roleans used for avoiding waterfalls, etc.).

Rigging

Each end of the rope is anchored to three points
with a load-sharing anchor. This method allows
equal sharing of the static load between all three
anchor points. The connection between the multi-
ple anchor and the line is made with either an auto-
lock descender or a Munter (Italian) hitch backed
up by a mule knot (fig. 262).

Tensioning

If a temporary tyrolean is to be de-rigged after
use, as in a rescue for example, tension the rope
with an auto-lock descender backed up by a pul-
ley-ascender hoist (fig. 263).

If the rope is soft it will run through the de-
scender as usual. If it is stiff or thick, put it only
around the lower spool (this is a “half-stop”). In
the latter case, relaxing the tyrolean while it is load-
ed requires more work, and you will need to use
an effective braking device.

When the rope is tensioned as you want it,
fix the system by locking off the descender com-
pletely (fig. 264), and then disassemble the haul
system.

Fig. 264 - Lacking off
the temporary
tyrolean
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Fig. 265 - Tensioning a tyrolean on a Minter hitch

Fia. 266 - Lock off the tully tensioned
tyrolean with a mule knot.

In normal rigging situations, don't leave the
descender in place; replace it with an Italian (Mant-
er) hitch (fig. 265). It can be rather difficult to hold
the tension while locking this off with a mule knot
(fig. 266). Have a team mate help ease the tension
by bracing himself with his upper ascender at-
tached to a cowstail, or make an Obendorf half-
hoist (see page 294) with an extra rope.

When tensioning a tyrolean, the force placed
on each end can approach 6 kN before the line is
fixed. This is not far from the value at which the
sheath will tear on a new ascender's cam teeth
(7 kN). Due to some unavoidable slippage, tension
reduces to 2 kN on an auto-lock descender, and to
1.2 kN on an ltalian hitch. When the rope is loaded
with the weight of the person using it, this tension
increases by 80 to 120 percent. A typical 80-kg cav-
er hanging in the middle of a tyrolean initially
pulled to 1.2 kN will increase the force applied to
the anchors to 2.2 kN. These values were obtained
in tests using lengths under six meters; we don’t
really reach these numbers underground but they
are acceptable for single 9-mm ropes, provided
there is no contact with the rock.

2 To do:

» To avoid problems when relaxing the tyrolean,
use a normal descender instead of an auto-lock
and control the tension on the line with an
Obendorf hoist. If the line is loaded beyond
4.5 kN (if two people are hanging on it, for ex-
ample), you must use this method since releas-
ing the auto-lock descender becomes very diffi-
cult.

« If there is any risk of damage to the line from
abrasion, exposure to rock falls, etc., you should
add a second rope.

+ If you have enough rope ("if" because this rig
consumes a lot of it), install a Passabloc, which
makes the tension especially easy to regulate.
To obtain maximum tension on the tyrolean,
modify the operation of the classic Passabloc in
two steps: instead of finishing it off with a sim-
ple loop in the central carabiner, make an Ital-
ian hitch tightened down as much as possible
and locking it off with a mule knot (fig. 267).
Tension the line by pulling on the Passabloc’s
two mobile strands.
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Fig. 267 — The Passabloc combined with a Munter
hitch backed up with a mule knot

Crossing the tyrolean

+ Clip into the rope with your short cow-
stail and move forward under the line
headfirst.

* Swing one leg over the rope at the
bend in the knee, or bring bath legs up
and cross them at the heel and calf. The
arms will do the pulling.

« |f the tyrolean is long, use two carabin-
ers attached in a chain to your harness
maillon.

¢ Clip in with your short cowstail (or car-
abiner chain) and then get into place
under the rope.

= \With a strong heave, pull your mid-sec-
tion up to the rope and clip in the end
carabiner (do the same in reverse when
leaving the line). Fig. 268 — Travelling along the tyrolean,

Using the carabiner chain will bring
your body closer to the line and provide
more support; the weight of your pack
(tethered to your harness maillon) is also
neutralized.

* When you reach the ascending side of
the tyrolean, itis easier to move up the
rope using your upper ascender at-
tached to its cowstail (fig. 268). This
should of course be installed in the
right direction on the rope in order to
work properly (fig. 269). If the ascend-
ing side is steep, prepare your chest as-
cender for use on the line as well, which
will give your arms a welcomed rest.
The carabiners are still attached to the Fig. 269 — Installation of the upper ascender and cowstail
rope for added safety. carabiner on the rope
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7.1 Why Use Rebelays?

Even when you rig correctly at the
pitch head and the rope hangs free,
it may end up touching the rock
somewhere down below. You need
to place a new anchor to prevent
this potentially dangerous rub point
(fig. 270). You will naturally ask
yourself the same questions as be-
fore concerning the consequences
of anchor failure on the rope and
your own safety. Your response in
each situation will dictate whether
you double the new anchor.

Aside from guaranteeing our
safety, rebelays have a second ad-
vantage: they help speed up the
team's movement on the rope, since
for every length of rope with a sep-
arate anchor, another caver can
travel through the same pitch.

Fig. 270 — A rebelay with working
slack in the upper loop

L Fig. 272 — Both teammates check the
r rope’s trajectory for rub points as the
¢ first descends.

Fig. 271- Looking for a good rebelay anchor point requires
constant care and attention,

7.2 Identifying Rub Points

Whatever the shape of the drop, the rope must
never come into contact with the cave walls. The
lead person (rigger) and his assistant will combine
their efforts to detect potential rub points, since
they each have a complimentary view of the rig-
ging as it is taking place. The rigger will of course
try to anticipate possible contact points while de-
scending (fig. 271). But in some cases, his partner
up above will have a better view of the situation.
For example, if the rigger moves sideways during
his descent, his partner can follow changes in the
rope’s position from above, and alert the first of an
imminent rub point (fig. 272).

EmEet




Using an electric headlamp during this opera-
tion will allow you to better visualize the rope's
line of descent. While you (as the rigger) descend,
clear the passage of loose rocks or larger stones
and clay deposits that could be hazardous if they
fall, or completely avoid any area with too much
unstable breakdown.

7.3 Installing the Rebelay

Before installing the rebelay, you need to come
to a stop and have both hands free. If you are
using a normal descender, lock it off completely
so you are free to swing around using your hands
to guide you as necessary. If there are no foot-
holds where you want to set the rebelay, a sky-
hook will come in handy. Attached to a cowstail,
it will usually help you get a hold on some surface
feature. Other climbing aids can also help, like a
chock placed in a crack or asling thrown around a
small formation.

Once the anchor is set, you need to calculate
how much slack should be left in the upper rope
loop before you fix the rope. On subsequent rap-
pels, the caver will come to this point and clipinto
the anchor, loading the short cowstail. He will
need enough slack in the rope to remove the de-
scender from it. Trying to save rope by reducing
the slack too much will always lead to problems
with passing the rebelay, which will call for an al-
teration to the rigging anyway. If there are two
or more rebelays in the pitch in question, this will
reguire adjustment at all subsequent belays since
lengthening an upper section will shorten the sec-
tion below.

When the rebelay follows a short drop

Stretch in the rope is minimal and so easier to
gauge. Place your attachment knot in the rope at
the appropriate estimated distance below the de-
scender, accounting for the length taken up by
the descender and its lock, and for the working
slack. You can adjust the slack by feeding some
rope through the knot as long as you haven't
tightened it yet by weighting the rope below the
knot.

When the rebelay follows a long drop

The amount of stretch in the rope is harder to
gauge and you will need to take your weight off
the rope completely in order to correctly adjust
the slack.
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¥ Key point:

* Be generous with the slack, espe-
cially if there is a wide pendulum
swing to the rebelay or if the rope
is new (it will shrink after the first
few passages). During climbs, this
will prevent lateral stress on the
belay anchor plate; with these
movements, the plate will eventu-
ally get turned around, which can
cause it to break when the next
climber mounts the rope under
the rebelay.

* Well-calculated slack in the upper
loop also provides a convenient
foothold for use in passing the re-
belay while climbing.

Normal situations

1. Clip your short cowstail into the
anchor carabiner if the latter can
still open when loaded (asymmet-
rical carabiner), or directly into the
eyehole of the hanger plate (fig.

273) on top of the carabiner (all Fig. 273

modern hanger plates allow this). ~ C/iPping the
cowstail cara

If the rebelay has been placed o directly

around a natural anchor with a
sling or attached to a ring with a
carabiner, you can clip directly into
the sling (fig. 274);

into a rebelay
anchor plate

Fig. 274 - Clipping the
cowstail carabiner into a
rebelay sling
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2. Without letting go of the lower rape that is still

in the braking carabiner, let the rope run up
through the descender, transferring your weight
from the descender to the anchor. You can then
gather the length of rope you need for the up-
per loop and for making the attachment knot.

. Make a loop in the rope with an overhand knot,

which serves as a stopper knot in the rope be-
low the descender (fig. 275). Now that you are
secure, let go of the lower rope, adjust the work-
ing slack, and tie the attachment loop, which
you then place in the anchor carabiner before
screwing it shut.

Fig. 275 — Place a stopper knot be-
low the descender when installing
the rebelay loop

ra
4 To do:

Instead of placing a safety knot in the rope be-

low the descender, you can safeguard yourself on
the upper rope with your upper ascender attached
to its long cowstail (NOT your Croll).

" What NOT to do:

Don't lock off your descender in lieu of making
a safety knot (fig. 276). If the rebelay anchor
fails, falling on the locked descender can dam-
age it; the safety knot will not.

Don't use a clown hanger at a rebelay that fol-
lows a long drop: adjusting the length of the

e e e

Fig. 276 — Locking off the descender
while rigging the rebelay can be haz-
ardous if the anchor fails.



slack is impossible since the rope is fixed be-
tween the hanger and wall. If you absolutely
must use this type hanger, overestimate the slack
needed and then tie off the excess with a loop
knot placed beside the hanger.

Installing a ring hanger
There is a specific procedure for installing a ring

hanger used alone (without a carabiner):

1. Estimate the slack you will need.

2. Place the attachment knot in the ring (double
bowline on a bight or double figure eight on a
bight) before screwing it into the anchor.

3. Screw down the ring and then clip in and hang
from it with your short cowstail.

4, Remove the descender from the rope,

5. Adjust the slack.

7.4 Getting the Slack Right

The working slack for the rebelay loop should be
sufficient, but not excessive. Too much slack is a
waste of rope and, in the event of anchor failure, it
increases your fall factor. Note, however, that you
can never reach a dangerous fall factor here, as the
following calculations will demonstrate.

Let's say you've descended 5 meters and have
2 meters of slack at the rebelay loop (which is
plenty). If the anchor fails while you're at the rebe-
lay, the fall factor is only 2/7 = .29, which is quite
low. If, with the same amount of slack, the preced-
ing drop length is 15 meters, the fall factor goes
down to .1, and down to .05 for a 30-meter drop.
The longer the previous drop, the lower the fall
factor. This doesn't mean we should leave exces-
sively long slack in such conditions because this will
increase your risk of colliding headlong into a wall,
or even into the floor! In fact, let’s imagine a rebe-
lay set at 4 meters above the bottom of a 50-meter
pitch, due to some outcrop. If only one anchor has
been set and this fails, you are guaranteed to go
crashing into the floor. While the likelihood that
this scenario will happen is low, you should none-
theless double that anchor.

On a shorter preceding drop length, excessive
slack in the loop raises the potential fall factor: If
the upper rebelay loop descends 2.5 meters lower
than the rebelay point following a 5-meter drop,
the fall factor increases to 5/10 = .5. That's at [east
enough to be quite uselessly shaken.
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7.5 Joining Ropes at a Rebelay

Crossing a knot in mid-air takes time and energy. If

the cave configuration allows it, always try to place

a rebelay where your rope runs out or just before.

* The first length of rope is placed in the rebelay
carabiner with a figure eight loop, leaving the
usual necessary slack.

» The attachment loop for the down rope goes in
the rebelay carabiner but it must also be linked
to the upper rope’s attachment loop, in case the
carabiner breaks for any reason (corrosion, fol-
lowing a sideways placement, when weighted
incorrectly). This is done by rethreading a figure
eight with the lower rope into the attachment
loop of the upper rope (fig. 277).

" What NOT to do;

Never let any excess length from the upper rope
hang freely, even if it's only a few meters and even
if you've placed a stopper knot in the end. This
increases the risk of confusing this end with the

Fig. 277 - Never allow excess
length to hang freely; tie it off
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Fig. 278 = Rigging a
rub loop at the pitch
head

Fig. 275 — In mid-pitch the
position and length of the
rub loop must account for
rope stretch

lower rope. Coil the excess rope and tie it off in-
stead. At a free-hanging rebelay, tie out the excess
rope with a loop knot that can be used as a foot
hold or other aid and secure it to the side (You still
need to place a stopper knot in any extra rope that
is left).

7.6 Unavoidable Rub Points

Real life is not often like the storybooks, and some-
times the shape of the passage prevents us from
being able to set an anchor for a free hang. A clay
or flowstone outcrop, a fractured or detached sec-
tion of rock... many unexpected obstacles can get
in the way of a rigger’s best-laid plans. Sticking to
the no-rub rule isn't always feasible, so you may
need to rig a “rub loop,” which you will expect to
wear down from abrasion (fig. 278 and 279). But
these obstacles may have another solution: the
deviation.

8.1 Basics

Like rebelays, deviations keep the rope away from
possible rub points. The difference is that devia-
tions do not anchor the rope with an attachment
loop. The rope is simply placed in a carabiner and
sling attached to a wall opposite the rub point, re-
directing the rope away from the rock. The stress
placed on the sling depends on the angle at which
the rope is redirected (fig. 280). This angle is usual-
ly low and the sling takes only a fraction of the
load; this load diminishes when the angle at the
deviation approaches a flat angle (1807).

The sling cord may be thin (5-6 mm) and the
anchor doesn't need to be as bombproof as a rebe-
lay. Natural anchors are an easy solution.

Fig. 280 - A slight devia-
tion is often enough to
pravide a free hang.



Fig, 281

A high-angle deviation.

Redirecting the rope at a 15°-angle is common;
the force on the sling then equals one guarter the
weight of the user. This value increases to one half
for a 30"-angle.

Sometimes, however, the angle at the deviation
is higher. When this reaches 60°, the deviation sling
is subjected to a force equal to that carried by the
main anchor, which corresponds to the weight of
the user (fig. 281).

We rarely go beyond this angle: at that point
the deviation anchor must be at least as strong a
normal rope anchor. The rig point must be equally
secure and strong, and the sling used to redirect
the rope must have at least 10 kN load bearing ca-
pacity, and be doubled.

8.2 Equipment and Installation

All you will need is a length of cord and a non-
locking carabiner. Assemble this in advance with
single sections of 6-mm nylon rope, one meter and
two meters long once they are looped. Five-milli-
meter Spectra is more expensive but better since it
is has multiple uses: you can install any kind of de-
viation, no matter the angle, as well as natural an-
chors. The lengths you will need depend on the
kinds of caves you will explore. If one meter proves
too long upon installation, tie a loop to shorten
the sling. If two meters is too short, link two slings
with a girth hitch or untie one sling and use it as a
single line. If you are installing a high-angle devia-
tion, double up your slings for added strength. This
will prevent you needing to use several sizes of
cord.

Depending on the passage and the strength you
need, the deviation can be fixed to the wall via a
natural anchor, a chock, knot or piton gripped into
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a crack, or a bolt. For lower angles, loads are also
lower and you can simply attach the cord to a
hanger with a girth hitch, which saves you using a
carabiner.

) Key point:

s Placing a deviation where there is a possible
foothold makes passing it much easier, especially
if it has a high angle.

* Rig so that if the deviation fails the person on
rope is not exposed to any immediate danger,
such as drowning in a waterfall, swinging into
unstable breakdown, cutting the rope on a
sharp blade, or falling into a narrow fissure. This
is more likely to occur when there is a high angle
of deviation.

8.3 Advantages

¢ Compared to rebelays, deviations are easier to
install and easier to pass, in both directions.

e Deviations use less rope since no slack is need-
ed.

* |n the general case of lower angle deviations,
the gear and anchor only need to be of moder-
ate strength.

« Even if a deviation fails, it will only result in a
swing, without the risk of a dangerous fall.

8.4 Drawbacks

* Two cavers cannot move along the two lengths
of rope separated by a deviation, since these do
not have independent anchors. For faster move-
ment on rope, rebelays are thus advisable for
longer drops and larger teams.

¢ At angles above 30 degrees passing a deviation
can be more difficult, especially with a heavy
foad. A foothold in this situation is essential.

e |Installing a deviation may seem simple, but if
adequate thought has not been given to its
placement, passing one can quickly turn into a
nightmare.

In sum, rebelays and deviations are complemen-
tary. When a slight redirection of the rope is
enough to avoid a rub peint or a shower, or when
your team is small, a deviation seems the best
choice. This is also true in prospecting, when you
must descend several entrance pitches in hopes of
finally reaching the one that really “goes.” Besides
being more time-consuming, placing bolts in this
situation is rather disrespectful of the environment.
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9.1 Very Narrow Pitches

Whatever you use for rigging, if you have to
squeeze through a really narrow passage, the rope
is likely to rub against the rock since it will be stuck
between the rock and your body. The best way to
rig here is to place a rebelay just above the narrow
spot. This limits the yo-yo effect and thus abrasion
to the rope (see section on static ropes, page 56).
When you arrive below the pinch, place a double
rebelay to ensure a perfectly safe descent.

9.2 Sloping (or Funnel) Pitch Heads

This shape of pitch tends to collect rubble and you
will often find the slope covered with more or less
loose breakdown. From the outset, you need to
thoroughly clear the slope and its surrounding area
of this potential hazard. Be even more cautious if
the rope ends up lying against the slope once it is
rigged, since it is then more exposed to falling
rocks.

In the rather likely event that the slope is cov-
ered with a calcite flow, remember that this rock
isn't particularly good for placing solid anchors:
hollowed-out anchor holes and weak natural an-
chors are risks to consider when rigging.

The rope pulls at an angle on sloping pitches, so
anchors at the pitch head should be placed as high
as possible to avoid (or at least delay) having to
belay the rope at some point along the descending
slope. When you reach the lip of the pitch itself, rig
adouble anchor to help protect the rope (and you)
against rock falls, which may still occur despite a
careful clearing of the slope.

. To do:

While backing down the slope, check the posi-
tion of the rope behind you frequently to avoid
stepping on it as you progress,

9.3 Deep Pits

We often see their walls littered with constellations
of bolts, proof that they are sufficiently impressive !
Of course, this redundant rigging is completely
illogical...but logic rarely works well in the presence
of fear. Remember that the rules for rigging a pitch
are the same whether it is 10 meters deep or 150
meters deep. We have already covered these rules,
so there’s no need to go back over them now.

With a well adjusted, effective climbing system,
climbing a deep pit is not such a big deal, and
there's no reason to fear it more than any other
vertical obstacle, even when you are carrying a
pack. Climb at your own rhythm and a regular pace,
coordinating your movements and breathing. But
no matter how fast or efficiently you do this, the
height of the climb remains the same, If the team
is large, waiting time at the bottom increases, along
with the possibility of becoming cold. We suggest
placing some rebelays at reqular intervals in deep-
er drops, even when the rope hangs free for its
entire length. A group will spend four times less
time climbing out of a 100-meter pit with four re-
belays than it will spend in one with none. Of
course, the pitch needs to have the right shape for
this: no matter how well you rig, you can't place
rebelays in bell-shaped pits, even if its single drop
is on the order of 340 meters, like Mexico's famous
Sotano de las Golondrinas.

9.4 Pendulums
Basics

Pendulums help us reach passages leading off
from the pitch, rebelay points, or parallel passages
that would otherwise be inaccessible. It's simple:
just swing on the rope in wider and wider oscil-
lations until you can reach your goal. A pendulum
is just like a big swing, so to start it moving you
need to:
= push off the wall or other feature with your feet

or hands;

* get the help of a teammate below, who will pull
on the rope to start it moving; or
= get the help of a teammate at the pitch head.

Braced against a wall, he will push the rope side-

ways with his feet.

In the latter two cases, the “swinger” should try
to push or pull in synchronicity with the rope’s
movements, as on a swing.

Though they seem like play and may remind us
of our childhood, pendulums do have some risks.

Limits and risks

First of all, you must overcome the backforce
exerted on your body, which increases with the
amplitude of the pendulum. If it is too great — that
is, if the point you are trying to reach is too far off
to the side, given the length of rope you are hang-
ing from — then the maneuver isn't feasible, and
can even be dangerous. If you try to go further by



pulling yourself to the side using features in the
rock, you could lose your hold and possibly go
crashing into the oppaosite wall.

There is also the risk that the rope on which you
are hanging will rub against the rock as you swing.
If the rack is rough, the rope could be seriously
damaged. A teammate above should watch your
movements and those of the rope. At the slightest
point of contact, climb back up and install a devia-
tion on the opposite wall. Doing so won't make
your work any easier, since this will shorten the
length of the pendulum and thus the length you
are able to move sideways.

o
L4 Tip:

Use a skyhook to help you get a hold. This can
be very helpful.

" What NOT to do:

Do not pendulum with a heavy pack tethered
below you. This will lead to opposing oscillations
between the primary pendulum (you) and a sec-
ondary pendulum created by the pack and tether.
You will reach your objective only to find yourself
being pulled back into the void by your pack. Leave
your pack behind for this maneuver, or attach it
directly to your harness.

Placing the rope

¥ Key point:

The horizontal distance to your objective should
be much shorter than the length of rope will use to
pendulum. In general, the limit should be 25 %:
five meters of horizontal travel requires 20 meters
of rope above you; to reach a point ten meters
away, you will need forty. If the rope is too short,
you may have to cheat:

» by moving the anchor point at the pitch head
closer to the vertical axis of the pendulum, or by
placing more deviations along the descent. But
this latter has a major drawback in that it reduc-
es the length of the pendulum;

= bymoving along the wall using surface features,
eventually installing a traverse line here;

= by throwing a grappling hook. This is a delicate
maneuver because even if the hook reaches its
target, its hold isnt certain. There’s always the
risk that it will come loose just as you are near-
ing your objective, suddenly releasing you to go
flying backwards into the opposite wall.
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1% To do:

* Once you have a stance, try throwing a sling
around a projection to help hold yourself to the
rock.

* Pendulum on your descender, not your ascend-
ers. Your descender allows you to regulate the
slack more easily when calculating your height
during the swing. Begin the approach a little
high since it's not so easy to climb back upon a
non-auto-locking descender. Upon your arrival,
quickly feed in some slack to lower yourself onto
your feet before the rope pulls you backwards.

Your descender should be fully locked off be-
fore you begin swinging. Place an overhand knot
loop in the rope about one meter below the de-
scender : this will ensure your safety, by protecting
you from a possible fall when you land, unlock, and
start feeding out slack in the rope.

Securing the landing
Once you have reached your objective and

checked that the passage continues, you'll need to

rig the landing.

* If the landing is easy, it suffices to fix the end of
the rope next to the continuing passage to pre-
vent it from falling down the pitch and out of
reach.

» |f the pendulum is wider and the landing more
difficult but the line more or less follows the
near wall, install a traverse line at the exit. It will
help save time during later trips through the
passage.

= |f the pendulum is extremely wide and must be
carried out over an open drop, you will need to
rig a sloping tyrolean. On rappel, you can very
easily reach your target by rappelling on the
slack line, with your cowstail clipped into the
tyrolean (fig. 282).

¥ Tip:

Don't clip into the tyrolean while climbing, un-
less its purpose is to keep you out of a waterfall
(see 13.5.2). Instead, place your ascenders as usual
on the slack rope and then install your descender
on the rope where it is rigged at the landing point,
as if you were going to descend into the loop form-
ing the pendulum. Slowly release the slack through
the descender as you climb the rope until you reach
your vertical hang. Here you can remove the de-
scender and continue climbing as usual,
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Fig. 282 - Sloping tyrolean

10.1 A Word of Warning

The expression "rigging light” may frighten any-
one who thinks we are talking about compromis-
ing safety. But this is not at all the case, at least
when it comes to choosing our gear and the pre-
cautions we take in rigging it. In fact, “light tech-
niques” originated from the challenges involved in
carrying out particularly deep explorations or ex-
peditions to remote places. In these circumstances
weight is always a critical factor, and it must be
minimized as much as possible and wherever possi-
ble. Whatever the skill level of your team, standard
gear should also be as light as possible. This applies
to personal equipment, food, camp gear, and rig-
ging equipment. This chapter, however, takes the
meaning of “light” to another level.

Light rigging is one strategy for dealing with the
problem of weight, as it applies to rigging in par-
ticular. It involves overlooking some standards,
which would seem suicidal or even criminal if this
were not carried out through a rigorously con-
trolled process. Dismissing these standards is no
small matter, since their very purpose is to set min-

imum safety guidelines based on practical experi-
ence and the knowledge and competence of rec-
ognized professionals. Disobeying them would
seem rather unreasonable and even a bit insane; if
we do so, we must be ready to justify ourselves.

In a book that addresses a diverse public, treat-
ing the subject of light rigging may be controver-
sial, but we refuse to avoid the subject altogether;
todosois a bit like passing judgement on the prac-
tice, and avoiding an awkward subject doesn't
make it go away. Since light rigging techniques
exist, we should account for them. Their practice
makes perfect sense in a specific context, as long as
we remain strictly within its limits.

Having made that disclaimer (it won't be the
last!), let’s move on...

A closer analysis of the standards governing
ropes and connectors demonstrates that official
safety factors are rather elevated. Given the 0.8 kN
(80 kg) load of a typical caver, we are faced with an
18 kN minimum load bearing requirement for type
B semi-static ropes and a 20 kN minimum for an-
chor connectors. These numbers are a far cry from
the mere 9.6 kN per person minimum (based on a
safety factor of 12) that applies to the elevators in



our apartment buildings! Of course, conditions are
well defined and professionals guarantee steady
maintenance in these buildings. In caving, howev-
er, those who created the standards had to account
for (as they should) a whole set of factors that could
come into play - wear, the margin for human error,
the quality of the rock, lack of maintenance, an
equipment flaw, shock loads, rock falls, etc.

Some of these factors are impossible to control,
so the minimum safety standards account for them
- and this applies to all cavers, no matter the skill
level. But other factors can be discounted, on the
sole condition that we avoid any situation in which
they could come into play. If - and only if - we can
control these factors, we can admit that some of
the standards are inflated, and we may subtract
from the weight {(and thus the strength) of our
equipment without compromising safety. But re-
member that for the average caver, this logic
doesn’t apply. It was developed by and for the most
specialized, experienced and efficient vertical
cavers, and is only legitimate in the context of their
activities.

There are many prerequisites to rigging light,
including:
= technical competence (limiting the possibility of

errors in rigging and progression);

» athorough knowledge of the cave environment
(limiting miscalculations as to cave behavior in
general);

» small and efficient teams (less wear on the
equipment);

* precision maintenance of the equipment;

* and removing or replacing questionable gear
without hesitation. Material that is weaker
when new will evidently reach its wear limit
more quickly.

Fig. 283 - Companisan of light versus classic techniques for rigging

Light Rigg )ing Technique

Only a strong team with a proven level of
stamina and technical ability is qualified for
light rigging practice. Those who are not qual-
ified should not engage in this practice; sim-
ply be aware that the techniques exist, and
may later be used when each participant has
thoroughly mastered them.

10.2 Conditions for Use

When visiting one of the known classics, light rig-
ging allows a small team to significantly reduce the
amount of gear to be transported. This results in
faster progress and less fatigue, two paramount
factors in safety.

The same applies to exploration. The weight
saved allows a team to carry more gear further and
deeper into the cave while expending a compara-
ble amount of energy.

10.3 Potential Advantages

We can illustrate the advantages gained by rigging
light with a simple table comparing the weight of
two packs, each containing 150 meters of rope and
the corresponding anchors (five items each; see fig-
ure 283).

We save 4.5 kg, over 40% less weight ! Of course,
the rope accounts for most of this weight, but the
anchors also save 675 grams, 15% of the total
weight saved. As for mini-hanger plates, the more
compact models are best; for example, those that
will only take one carabiner, like the old bent
(Coudée) and twisted (Vrillée) models — but these
aren‘t easy to find these days! In ceilings, you can
use compact threaded eyebolts, on the sole condi-
tion that you know their strength and origin. In

150 meters of rope

Light Technique Classic 'hd'lmqua - o
uipment ﬁlghﬂunfr No.  Wt(g Eqmpmenr ' iWe@bmmt 'Ha.
T _grmm;opgs'  RtoB/gm 150 ’-’sz'su” * 910 10.5- mm ropes Slio70gm
Light Eoﬁ-kmk'iﬁ_g:'ﬁheri__iﬁgﬁ_g_ 5 187 lotking anchor ca,rahingm asmmg "_55-
Zicral anchor maiflons ~ 20to22g 5 105 Steelanchor maillons . 609 5
2tad5g 5
gt rings Cng :
Wncbrdmdwebblng i5tol7gm 5 172
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this domain quality ranges from the worst to the

best, but specs are not engraved on the items them-

selves. These should only work on a direct pull,

i.e., along their main axis, and should never be

shear loaded (perpendicular to the axis), as they

are rather weak in this respect.

For the sake of consistency, we apply the same
weight-saving principles to our entire caving load:
» Personal gear (multiply weight saved by the

number of team members): a lightweight har-

ness saves about 300 g, a nylon caving suit
weighs 450 g less than PVC, and a pair of cav-
ing/canyoning shoes instead of our boots
weighs...a whale kilo less than caving boots!

Even if we don't really “feel” the weight of our

clothes, it doesn’t mean the weight isn't there...

* Food: calculate precise daily energy require-
ments, choose dehydrated or freeze-dried, solid
fuel (over 400 g lighter than liquid fuel stoves),
use a strict minimum of containers and utensils,
and eliminate all excess packaging.

» Camp gear: use hammocks instead of inflatable
pads; ultralight, compressible sleeping bags, and
carefully select (and limit) your change of
clothes.

10.4 Protecting the Rope

A rope must never rub, and a thin rope should rub
even less! With thin ropes, the potential risks are
even more critical, and both the lead rigger and his
second must be particularly vigilant when check-
ing for potential rub points during the first's de-
scent. Strong (especially halogen or krypton) elec-
tric headlamps facilitate inspection. If a rub point
appears, the usual procedure applies: the second
modifies the rigging since the leader will only dam-
age the rope more by climbing back up it.

¥ Key point:

Try to stay as close to a zero fall factor as possi-
ble by favoring Y-belays. Install these with care: if
one arm of the Y fails, the knot on the other arm
must not come into contact with the rock, and the
remaining hanger plate should not be loaded out-
side its normal specifications. To place the widest
Y-belay possible with the least amount of rope,
make a figure eight on a shorter loop for the high
anchor, and a figure eight on a longer loop for the
lower side.

On 8-mm rope, the fall factor in the event of
anchor failure should always remain below .5 {(and

below .3 for thinner ropes, if you want to risk us-
ing these).

We can argue for figure nine rather than figure
eight anchor knots when using thinner ropes. They
weaken the rope less, but they must be tied and
dressed correctly. Here is proof: some 8-mm ropes
pass the safety tests that apply to knot failure when
tied in a figure nine - and fail the same tests with a
figure eight. But a knot's breaking strength is not
actually the limiting factor in caving: it is more the
strength of the rope/ascender connection or even
the quality of the rock surrounding the anchar, that
can cause problems. Since figure nines use more
rope and are bulkier and more likely to rub on the
wall, the pro’s and con’s seem to balance out: you
can decide according to the situation,

10.5 Backing up Primary Anchors

For every primary anchor point, including traverse
lines, the load should be shared between two an-
chors. This also applies to sharp changes of direc-
tion, which could result in hazardous rub points in
the event one side of the anchor fails. Again, con-
sider rigging a Y-belay (fig. 284).

fig. 284 - Y-belay on Fig. 285 - Rebelay tied
compact hangers and with a sheck absorbing
nar-locking carabiners knot.



10.6 Rebelays

We always double these, except
those that are installed for conve-
nience rather than to avoid rope
contact. Rebelays are installed ev-
ery 30 meters or so to facilitate
more effective, comfortable climb-
ing when there is more stretch in
the rope - as is the case with thin
ropes.

Recall that a potential danger
exists when two rebelays are
placed five meters or less apart.
The potential fall factor approach-
es.3:if you fall 2 times the distance
to the bend in the rope (i.e., 2
meters) and are arrested by 5 + 2
meters of rope, your fall factor is
.29. This would be .4 for 3 meters
of separation between rebelays. In
these situations, you need to place
a shock absorbing knot (fig. 285)
on any rope that is under 8 mm;
we recommend the same for 8-mm
ropes as well. Reduce all slack in
the rope to a strict minimum.

When visiting a known cave us-
ing light rigging, we often find re-
belay points without backup an-
chors. You can use 5-mm spectra
cord for backing up these anchors
to nearby points (fig. 286). Spectra
is five times more abrasion resis-
tant than nylon and has a higher
breaking load than the rope itself
(16 kN1).

10.7 Shock Absorbing Knots

These help make semi-static rope a bit more dy-
namic in the event of a shock load: under strong
traction, they will slip and absorb some of the en-
ergy created by the fall, reducing the shock load. It
is important to use these knots with thin ropes, es-
pecially where rebelays are close together (see
above). Tie a loop using a false butterfly or an over-
hand knot near the point you wish to protect.

10.8 Pendulums

With pendulums or widely offset rebelays, the an-
chor is stressed laterally when we pull on the rope
- while rappelling, when we come to the anchor,

Fig. 286 — Rebelay backed
up with a Spectra sling on
a girth hitch {lark’s foot).
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and when we leave it on climbing.
This is especially true when there
is insufficient slack left in the rebe-
lay loop. Use a light maillon rapide
to rig instead of a carabiner; cara-
biner strength is cut in half if it ro-
tates and is loaded sideways.

10.9 Deviations

Deviations have two advantages

over rebelays:

= they present low fall factors in
case of failure;

* they save rope.

However, no deviation should
present a risk in the event some
part of the ‘chain’ fails. In particu-
lar, we should limit ourselves to a
single deviation between two re-
belays, since failure above could
lead to potentially dangerous
modifications to the rope’s trajec-
tory. For the same reason, never
place a deviation under a conve-
nience rebelay that hasn't been
backed up.

10.10 Spectra Slings

This miracle fiber is perfect for use
in light rigging. Five-mm Spectra
slings can be used to rig around a
natural anchor, back up a bolt, or
place deviations. Tie them off with
a double fisherman’s knot.

(2 To do:

At the pitch head, install a Y-belay and replace
one of the arms with a Spectra sling on a Prussik or
Blake knot and link it to the anchor.

" what NOT to do:

Even in light rigging, it would be pure insanity
to use 5-mm Spectra cord as your pit rope, and this
applies to all pitches, short as well as long. Spectra
is as static as a steel cable; in the event of an an-
chor failure, the resulting shock load could be crit-
ical. Even if you can rig with a zero fall factor, don’'t
forget that ascenders will slip on such a small di-
ameter (at 100 kg load), and descenders do not
brake or stop.
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Fig. 287 - AS
Flexible anchor.

Fig. 289

Fig. 291 Fig. 293

Fig. 292

These French flexible anchors (amarrages souples,
hence AS) have an aluminum head pierced with
two parallel holes through which the cord is passed.
Perpendicular to these is the 8-mm bolt hole (fig.
287). Here, 5-mm Spectra cord has yet another use:
we can place the ensemble directly on a self-drill-
ing anchor. AS anchors can be used without a cara-
biner to place normal anchors, Y-belays, deviations,
ceiling anchors or for belting natural anchors. Both
their tension and shear loading is 11 kN.

Some drawings illustrate their many uses (figs.
288 - 296),

The length of the sling can be adjusted with a
sheet bend, a stopper knot or butterfly knot de-
pending on the situation. Since Spectra is very slip-




Fig. 287 — Optimized ng-
aing on an AS flexible an-
chor. point.

Fig. 298 - Using a flexible
anchor on a localized rub

pery, these knots are still easy to untie. On Y-be-
lays, you can achieve a straight vertical hang away
from the walls by simply moving the anchor to the
side. By removing the cord from the AS anchor and
tying a stopper knot, you can double its effective
range (fig. 297).

One unique characteristic of AS anchors is that
they allow you to place the cord directly on a rub
point and even over a ledge. Because Spectra is to-
tally inelastic, the cord sits on the contact point
without moving about and rubbing on it {(see page
56), so there is practically no wear (fig. 298).

10.12 Connecting Ropes

The only knot we recommend for tying ropes to-
gether is the triple figure eight: it is relatively easy
to untie, it provides a loop to clip into, and works
with different diameter ropes.

10.13 Removing Carabiners

The faint at heart can now skip to the next para-
graph! Here's a suggestion that will sound a bit
insane: we can save even more weight by getting
rid of our anchor carabiners altogether and pass-
ing the rope directly through the hanger plate. Us-
ing ring anchors instead is out of the question: they
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weigh two to three times more than normal hang-
er assemblies and are thus disqualified from use in
light techniques. Similarly, the Clown hanger
weights 30 % more than a normal model and its
bulk can make it bothersome to carry. Using hang-
ers without carabiners can potentially make our
bolting kit 400 g lighter (this includes removing car-
abiners and replacing rings with hanger plates)!
But is all this still within the bounds of reason, and
is it safe?

When you think about it, yes. In fact, where ex-
actly is the weak link in our chain of safety? We
find it in our ascenders and not the rope: the stan-
dards only require a 4 kN load before an ascender
distorts, but they require 20 kN for a link and 12 kN
for a type B rope tied with a figure eight knot. The
FFS only reduces its standard to 11 kN for type L
ropes. And when it is placed directly in the hanger
plate, the rope is loaded on both sides: it always
breaks where it leaves the knot and never in the
loop. But isn't there some risk of shearing the rope
on the edges of the plate hole? The answer is no,
on the following condition:

I To do:

Use only light alloy plates with rounded eyehole
edges — no sharp edges are allowed ! Fortunately,
this is what we find for most of the recent models.
Most manufacturers resolutely oppose using their
hangers in such a way in their product instructions,
for one simple reason: self-protection. They don't
want to be held liable if ever there is an accident...

Once we've made the mental jump, how do we
make this not-so-crazy idea operational ? At the be-
ginning of the traverse line, just make rethreaded
knots. In the middle of the traverse, tie a double
bowline, or thread the hanger plates on the rope
beforehand and tie these to the loop of a figure
eight.

At rebelays, there are two methods:

» Rig as if you are installing a ring anchor, pass a
bight through the hanger — easy, since you are
using a thinner rope — and then tie a double
bowline rather than a double figure eight. The
former renders a more open loop once the knot
istightened and set, so clipping in is easier. Screw
down the hanger plate. This method has two
drawbacks: it is more difficult to adjust the slack
in the rebelay loop, and a double bowline on a
bight uses much more rope than the double fig-
ure eight on a bight.
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* Thread your hangers onto the upper end of your
packed rope. Since the rope is thinner, the hang-
ers slide easily down as the rope feeds out while
you descend. If you need to place a rebelay,
make a bight with the hanger in the middle and
tie it with a figure nine. Screw down the plate.
Adjusting the slack in the upper loop is easy by
pulling the rope section by section through the
knot. You can also make a Y-belay : you of course
need two consecutive hangers, tied into a dou-
ble bowline or figure eight on a bight.

7o do:

* Use bent rather than twisted hanger plates; they
hold the rope knot farther away from the wall.

¢ While making the knot, be sure to separate the
two hangers on the rope so that each sits on its
own loop once the knot is finished (see figs. 56
and 57).

When making a Y-belay with uneven sides, use
a figure nine knot for the high anchor and a but-
terfly for the low one.

Once again, carefully adjusting the length on
each arm of the Y and the slack in the rope can be
time-consuming.

10.14 Travelling Techniques Specific
to Light Rigging
Let's come back to a more comfortable topic.

Using your cowstails

Since carabiners used in light techniques are nat
as strong, it is best to clip directly into the anchor
loop above the knot (this offers some dynamic safe-
ty). If you prefer to clip into the carabiner, check it
for proper placement and closure before doing so.
Clip in closest to the spine (long axis) of the cara-
biner since this is the strongest point. To do this, clip
your cowstail carabiner between the anchor loop
and the spine of the anchor carabiner (fig. 299).

In either case, when descending past a free
hanging rebelay with no footholds, you will have
to deal with your cowstail carabiner becoming
pinched in the loop as soon as you transfer your
weight to your descender on the lower rope, which
makes it harder to remove.

Braking
Controlling your speed can be a problem on
thinner ropes. It is important to use a braking cara-

Fig. 289 — How to chip into the anchor ]
using light rigging technigque.

biner here, and you may even want to wrap the
lower rope once around your leg to provide more
friction. You can also use a second braking carabin-
er placed directly on the rope above the descender.
But your braking problems are solved if you use
a Handy: its side slit is particularly effective for
braking, so we will forgive its extra 100 grams, es-
pecially since it is the lightest of all the steel brak-
ing carabiners. It is also the safest in the event of
an anchor failure (see page 45).

As another tactic for saving weight, some ex-
tremists do not use the braking carabiner at all.
Why don't they just cut off the legs of their boots
while they're at it, too? This would save even more
weight...at this point, we're approaching a whole
new dogma! Without a braking carabiner, you
need to increase the amount of rope that passes
through the descender pulleys to improve braking
action. Several methods exist for doing this, though
the drawback is that it requires nearly a half meter
more slack at each rebelay (unless you use the Vert-
aco method, which has other drawbacks; see Chap-
ter J.). After five rebelays, you have already gained
back those hard-won 100 grams, and you begin los-
ing ground from there! We won't go into the de-
tails of these methods, but note that “5" and “half-
0" rappels involve the peculiar practice of passing
the rope twice in opposite directions under the bot-
tom pulley - an excellent way to increase abrasion
and wear out your precious rope more quickly!
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I What NOT to do:

Never control your speed using the handle brake
on an auto-lock descender, no matter what size
rope you are using and even if it tends to slide. See
page 147 for proper braking methods.

10.15 Checking and Maintaining Gear
We cannot avoid the fact that lighter gear is also
more fragile. Thin ropes must be examined metic-
ulously before and after each and every use, and
they must always be cleaned after de-rigging. Ev-
ery team member should check the anchor knot
on both sides for signs of abrasion or weakness.
Finally, the life of your thinner ropes should be lim-
ited to three years, regardless how much they have
been used.

Light carabiners also require special attention.
Wash them to remove any mud that gets inside the
gate, and dry and lubricate the hinges. Light cara-
biners also wear more quickly and reach retirement
age earlier; do not hesitate to replace them,

10.16 Can we go Any Further?

Can we rig even lighter than this? The answer is
yes, but the techniques for doing so have no rele-
vance in this manual since they have not yet under-
gone sufficient testing or proved safe enough in
the long run. Every specialist has a trick, and we
will leave this higher level of research to develop
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its theory and practice in its own time. In a few
years, it will surely be time to talk about it again!

10.17 Conclusions

Let's recall some useful numbers concerning thin
ropes:

Diameter  Strength = Maximum FF with a knot
‘ilonﬂ'\fmi IR 1 T
9 mm T YR IR
gmm _ 14kN .. 05 §
Tom | T 03

And again:

¥ Key points:

Do not use light rigging unless you are caving in
the specific context that we defined at the begin-
ning of this section. We will recall that it includes
= asmall team
= ahigh level of experience and technical skill for

every member of the team
« perfectly maintained equipment
e impeccable rigging.

Failure to respect even one of these conditions
can lead to unnecessary risk, and danger of
injury or even death.
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11.1 General Principles

We generally apply these when traversing a sys-
tem from one entrance to another, which is the
context in which we will discuss them here. How-
ever, we also use them for de-rigging climbs and in
systems that ascend from entrance level, as well as
for canyoning.

We should specify now that a purely academic
knowledge of these techniques is insufficient for
their safe practice during a traverse. Once the first
rope has been pulled down after a rappel, there is
no turning back: the only way out is down. Perfect
autonomy is @ must and the team should have a
thorough understanding of the system. Insufficient
carbide or batteries, lack of knowledge about the
cave and its routes, a stuck rope on a pull-down, an
unexpected flood, an unclear or incomplete topo-
graphical map...these are problems that could turn
a fun trip into a nightmare, and an avoidable use
of rescue resources.

A pull-down traverse therefore requires metic-
ulous preparation; nothing is left to chance. Each
team member must know exactly what he or she is
carrying and essential gear such as ropes and car-
bide, must be divided evenly among participants,
to avoid immobilizing the entire group in case a
pack is accidentally lost.

The acceptable margin of error is reduced in
pull-down traverses, For example, if you acciden-
tally rappel a pitch that is not on the itinerary and
then pull down the rope, you're trapped! Bring
along an extra single rope and a pull-down cord,
both the length of the longest drop on the itiner-
ary. The team can still get out if the main rope gets
hopelessly stuck or if the pack containing it is lost
down a deep pit or narrow fissure. Another advan-
tage of this emergency maneuver is that if the team
is large, you can alternate between the two sets of
rigging; the first group that arrives at the bottom
has the autonomy to advance to the next pitch and
begin rigging.

Finally, remember that traverses take time, es-
pecially if the team is only using one set of rigging
- and every delay accumulates. We cannot turn
around, as we can in normal caving practice, if we
find that time has slipped by too quickly. We must
continue onward. Give a wider estimation of your
time underground to avoid triggering an unneces-
sary rescue.

11.2 Pulling Down on a Double Line

Your rope length must naturally be double that of
your longest rappel. Install the rope by running one
end through the link at the anchor (usually a mail-
lon), place a classic safety knot at both ends of the
rope and then make both sides even, or tie both
ends together. You usually descend on the double
rope with a figure eight descender, However, this
device wears quickly underground since the rope is
more abrasive compared to a normal climbing
rope. Figure eight's must sometimes be thrown out
completely after just one long traverse! It is there-
fore advisable to rappel on a single line with your
usual bobbin descender. Tie a loop knot and set it
against the pull-down maillon, secured with a car-
abiner clipped to the anchor point. The last person
down will remove the knot and retrieve the cara-
biner, then rappel alone using the double rope. She
could also simply remove the carabiner and rappel
down on the correct descent rope, the knot still in
place against the maillon. Leaving a loop knot in
place when pulling down the rope can sometimes
cause the rope to get stuck somewhere along its
trajectory; do not leave a knot when flakes, ridges,
fissures, stalagmites or other such projections are
present. In this case, the last per-
son can be belayed as a counter-
weight from below, and descend
on the single line. Keep in mind
that this method places twice the
load on anchor points.

The same chances of getting
the rope stuck exist when you tie
twao ropes together.

You should of course remove
your end-line safety knot before
retrieving the rope...otherwise,
you will need your rescue ascend-
ers!

11.3 Pulling Down on a
Single Line

Here we use a single rope that is
as long as the deepest drop. It is
packed with its usual end-line
safety loop, and its upper end is
threaded through the pull-down
maillon and blocked behind it
with a figure eight. Before the
last person descends, a cord the
length of the pitch is attached to

Fig. 300 - Stop-
per knot connect-
g two ropes at
the pitch head



the loop in the stopper knot via a lock-
ing carabiner. After removing the low-
er safety knot, pull on this cord to re-
trieve the rope from below. Figure 300
illustrates another possibility.

11.4 Self-releasing Pull-downs
These methods are rarely used, so we
only mention them briefly here. They
save you having to pull down the rope,
bringing it down on top of you all at
once, but they don't guarantee that the
rope won't get caught up during the operation.
We do not recommend using a mechanical device
such as a remote-release hook or Shunt, as this
could be damaged when it falls or injure someone
below before it lands.

Daisy-chain slip knot (trompe-la-mort)

Tie this directly on the rope, with one side for
use on the descent and the other for retrieving the
rope (fig. 301).

Releasable pull-down
This configuration is useful when there is no

anchor in place for installing the pull-down rope.

It is used mostly for de-rigging an ascending pas-

sage or a climb rather than for through-trips.

It is made with an anchor sling made from rope
on which the pull-down rope is installed. The an-
chor sling is tied so that it releases when pulled
from below. There are two versions:

« descending on a single strand of rope, with a
separate auxiliary rope that forms the anchor
sling and hangs down to the pitch bottom. This
is used for retrieving the rope.

+ descending on a doubled rope, using an anchor
sling made from a short length of auxiliary rope
(fig. 302). This sling is formed with a slipped
bowline, the release end of which is tied with a
sheet bend to the pull-down strand of the main
rope. Pulling down on this will release the en-
tire configuration.

11.5 Cord Technique

11.5.1 Basic principles and

conditions for use

With this method, you can use the same rope in
several consecutive pitches by leaving a doubled

Fig. 301 — Tying a daisy-
chain slip knot
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Fig. 302 - Releasable pull-
down using an auxliary
length of rope as the an-
chor sling
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cord in place at each drop. This technique allows
you to re-rig the pitch from below and climb up,
and it is useful for several applications.

First, it allows you to visit even very deep caves
with a significant reduction in the weight and vol-
ume of your equipment — whether this concerns a
tour of a classic or checking a potential lead in the
farther reaches of a system. For 500 meters of ver-
tical passage, you only need one rope that is as
long as the deepest drop (3 kg. for 50 meters of 9-
mm rope), plus about 1,100 meters of 3-mm cord
(6.5 kg). Total weight: 9.5 kg. Using traditional
rigging techniques, the weight would be 21 kg.
for 8-mm rope, 26 kg. for 9-mm, or 32 kg. for
10-mm!

Cord technique is also useful for traverses when
you are unsure of the itinerary at some point and
want to keep an optional “escape route.” It is also
used in canyoning to ensure an alternate way out,
aswith high water, high water conditions or a sump
zone, or when locating new routes.

Since nothing is ever perfect, there is of course
one major counterpoint to the lightness of cord
technique: the time it takes to install and use. Not
only does installing the cord on rappel require spe-
cial care and time, but so does placing the rope
again on the way up. To top it all off, team mem-
bers have to wait at each drop when descending as
well as climbing. You are thus projected back to
the age before self-belay techniques, and the hours
of waiting associated with it. Alone or in a pair, the
loss of time is tolerable; with three or maore, you
are beyond the functional limit.

In any case, this technique is confined to specific
applications and in no way constitutes the future
of cave exploration. It allows for deviations but not
rebelays. Even worse, as soon as you need to work
repeatedly in a system or in teams of two or more,
this technique is no longer practicable. We should
nonetheless stop a moment to discuss it, since im-
provisation has no place in its application, which
requires skill and precision.

11.5.2 Choosing and preparing the rope
This method uses a rope that has undergone a
special preparation to progressively reduce its
diameter until is matches that of the cord. Since
this requires good flexibility, it is best to use a
new rope.

Proper functioning of this technique depends
on the weight the rope. A 3-mm cord cannot sup-

port too heavy a load, and its elasticity prevents
you from accurately feeling what is really happen-
ing with the rope and cord above while you are
pulling down on the cord. Nine millimeters is our
minimum diameter, since the rope is to withstand
frequent passages, and a length of 60 meters is the
maximum. Forty meters is more reasonable if you
account for deviations that will make it harder to
pull the rope.

Gather some strong nylon thread and a heavy
duty needle, electrical tape, scissors, a clothespin,
two meters of 3-mm accessory cord having a core/
sheath construction, and an old tennis or rubber
ball pierced across its diameter.

1. Take one end of the rope and begin unraveling
its core braids, pushing back the sheath over
about one meter; then hold it in place with the
clothespin (fig. 303, steps 1 and 2).

Shorten the braids by about 10 cm. Then sepa-

rate the core and sheath of the cord. To do so,

cut an opening in the sheath about 5 cm from
the end and pass the whole core through this

(step 1).

2. All our modern ropes have parallel strands in
the core. Choose two from the center of the
rope and tie one to the core and the other to
the sheath of the 3-mm cord, using fisherman’s
knots and offsetting the tie-off points (fig. 303,
step 3).

Tie a third core strand around the cord using a

Blake knot. Equalize the lengths so that the

three connection points share the tension

equally. Cut off the excess length on the knot-
ted strands. Bring the other core strands down
along the cord, then cut these also in tapered
fashion, with the exterior strands being shorter
and those toward the center gradually becom-

ing longer (fig. 303, step 4).

3. Slide the sheath back into place. Stretch it out
well by squeezing and pulling it several times in
the same direction. Now the most difficult part
is over.

4, Sew the core and sheath together over the

meter joining the rope and cord. Sew forward
on ane plane and back on a perpendicular plane
to this. Leave the last five centimeters of the
sheath end unsewn (fig. 303, step 5).

5. Carefully wrap the nylon thread around the un-
sewn section of sheath and cord, binding them
tightly together, then wrap the whole with elec-
trical tape.



Fig. 303 - Preparing the rope for use in cord technigue.

6. Thread the ball onto the opposite end of the
rope and tie a loop in the end with a figure eight
knot. We will call this the "ball loop.” The free
strand should be about 20 cm long. Push the ball
against the ball loop.

The rope is now ready for packing. Pack the cord
end first, remembering to tie a safety knot in this
end as well. The loop and ball should be on top in
the pack.
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11.5.3 Preparing the cord
Your 3-mm cord should have the tightest possible
sheath weave to protect against abrasion. Pack it
the same way you pack your rope, in a pouch that
will hold 200-300 meters. Depending on how much
you are carrying you can prepare several of these
pouches. They will be used to place the rigging cord
installed in a triangle in each pitch.

In another pouch, pack a cord that is equal to
the length of the rope. This is the pull-down cord:
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attached on the ball end, and it will help you pull
down the rope and replace this with the rigging
cord. The pull-down cord also ends in a loop.

“iTo do:

Secure the end of each rigging cord to its re-
spective pouch, so that the cord doesn't run out
unexpectedly when the pouch empties. You will
need to connect this end to the cord in the next
pouch using an overhand knot.

11.5.4 Deviations

Deviations are acceptable with cord
technigue, although they lead to no-
table rubbing in the carabiners and
you must pull harder to reinstall the
rope on the climb up. They are really
only useful with cord technique if the
angle of deviation remains low, and it
is better to have several low-angle deviations than
one high angle. Moreover, when the rope is being
placed for the climb, it may pull backward on the
deviation, causing it to come away from its fixture.
Be aware of this risk when installing the deviation
on the descent.

Of course, you have a deviation because there
would have been rope rub without it. On rappel,
you cannot place the pull down cord in the devia-
tion carabiner to protect from this abrasion be-
cause the ball will get stuck there. So, only one of
the two sides of the rigging cord triangle will pass
through the deviation carabiner(s). This side will
then be the side that pulls the rope on the return.
For this reasan, you must be careful to distinguish
between the two sides once you are below, which
calls for some essential precautions when placing
the cord. To illustrate these, we will describe the
cord installation as it is performed with deviations.
The reader can simplify this in situations where no
deviations are needed.

11.5.5 Approaching the pitch head

Since your team is by definition smaller and highly
skilled, cord technique is naturally carried out us-
ing light rigging (except with regard to the tapered
rope diameter). Traverse lines are thus made of
thinner diameter rope and your anchors are light.
At each pitch head, the return maillon should be 7-
mm zicral with a wide opening, and it must hang
freely above the drop, for example, placed on a Y-
belay.

{ To do:

* Keep the return maillon from moving around
on its anchor point by fastening it to the anchor
with an inner tube band.

= |f the return maillon is near the wall and paral-
lel to it, insert a second maillon between the
anchor and the return maillon. This will allow
the rope to hang more freely and prevent possi-
ble rubbing.

Fig. 304 - installing the pull-
down cord for the last descent

Fig. 305 - The
cord forms a large
triangle with its
base at the bot-
torn of the pitch




11.5.6 Rappelling

The leader places the rope in the return maillon
and rappels, feeding out the rope as he goes;
the second attaches the end of the pull-down
cord to the ball loop with a locking carabiner
and attaches the rigging pouch to his harness
belt.

While descending, the leader installs the neces-
sary deviations and places the rope in them, re-
membering that during the climb up they will
be pulled upward and could come away from
their attachment points. He adjusts the rigging
to avoid this risk.

His second feeds out the pull-down cord while
descending (fig. 304), but does not place this in
the deviation carabiners. At the same time, the
leader connects the rigging cord to the cord at
the tapered end of the rope with an overhand
knot. This knot will slide more easily through
the return maillon.

After the second has reached the floor, he re-
trieves the pull-down cord, progressively lower-
ing the ball loop of the rope. The rigging cord,
guided by the leader along the rope’s path, grad-
ually replaces the rope, deviations included.
When the tapered end of the rope lands below,
the rigging cord attached to it is then tied with
two reference loops. These indicate the side to
be pulled during the climb: it is best to use the
same coding procedures as that used in rescue
operations for the hauling rope. The second clips
his cowstail into one of the two reference loops
and detaches the cord from the rope. The first
takes more cord from the rigging pouch, the
length that corresponds to the estimated width
of the pitch base. We will see why now.

The end of cord with the marker loops is tied to
this pouch cord with an overhand knot. The cord
that has just come out of the pouch is then cut
with a lighter or a knife so that the rigging cord
now forms a large closed loop. This procedure
prevents us from accidentally losing either end
of the cord, which we have just placed.

The two vertical sides of the rigging cord loop
are separated as much as possible from each oth-
er and each is temporarily hung to a some fea-
ture on the wall, held with a rock or attached to
a fixed point with two rubber bands tied in a
girth hitch. The cord will thus form a large trian-
gle with its base at the bottom of the pitch
(fig. 305).
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*® Key points:

This triangular shape is the best way to prevent the

two down lines of cord from twisting together.

* The leader packs the rope again into its pack,
while the second does the same with the pull-
down cord and pouch.

* Both continue to the next pitch head, where
they repeat the operation.

11.5.7 Climbing back up

The pull-down cord has no use on the climb. The

procedure for packing the tapered rope is simply

the reverse: this time, the ball end is packed first.

* At the base of the first climb, the two team
members go to each side of the triangle and de-
tach the rigging cord from its respective fixtures.
One caver clips his cowstail into one of the ref-
erence loops; the other ties a loop near the tri-
angle closure knot in the other strand of cord
and clips into this. Each is thus attached to op-
posite ends of the cord, preventing it from es-
caping when the closure knot on the triangle is
untied.

* The tapered end of the rope is tied with an over-
hand knot to the end of the rigging cord with
the two reference loops. The other end of the
cord is tied to the ball end loop. If the ball gets
stuck while the rope is being placed, this config-
uration will help release it by simply pulling on
the other strand.

* Both cavers unclip their cowstails and untie the
three loop knots.

¢ Asthe cord is pulled down, the tapered end of
the rope goes up, passes through the return
maillon and comes back down, passing through
any deviations along the way (fig. 306). As the
ball comes up against the return maillon, the
rope is blocked in place. Correct installation is
checked with a hard tug on the rope.

= While the first climbs, the second gathers the
used rigging cord.

* The second then climbs up.

= After arriving at the top, both repack the rope.

* They continue to the base of the next pitch, and
50 on.

Using AS anchors

An AS is made with a Spectra sling and a light
alloy head bolt installed on a self-driving anchor
sleeve, without carabiners (see section 10.11; fig.
287). By placing one or two stopper knots behind
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Fig, 306 — The rope
is installed by pulling
down the cord end

s

the head (depending on whether you knot the cord
strands together or separately) on the side oppo-
site the attachment loop, you can reduce this loop
to a minimum. This will help hold the return mail-
lon in place against the ball loop, which saves you
from placing a rubber band as a holder. The back-
up anchor can be made with a second AS anchor
connected to the first with a tensioned Spectra
cord, and its length adjusted with a butterfly knot.
Use the false and not the true butterfly: it can slip
and act as a shock absorber in case the first anchor
fails.

You can also place a backup anchor using a Spec-
tra sling around a natural anchor (fig. 307a), or a
classic bolt configuration (fig. 307b).

Conclusion

We can see that cord technique has its limita-
tions, which rest on the more or less favorable con-
figuration of the pitch and on the time-consuming
and rigorous nature of the maneuvers. In addition
to these, it has two more drawbacks:

The first is the relative weakness of the tapered
end of the rope, and all this laborious sailor's work

Fig. 307 — Two possi-
bilities for doubling
the flexible anchor
ane uses an natural
anchor (a), the other
a second flexible an-
chor {b).

could end up being damaged during the
operation. Then the rope will no lenger
pass through the return maillon... But all
is not lost : some escape mechanisms exist.
Forget the self-attaching carabiner, which
requires some precision handywork and is
impossible to do on the spot. It would re-
quire preparation and its installation
would nonetheless remain a delicate mat-
ter — and it would be impossible if a devi-
ation were necessary. Consider instead the
possibility of replacing the faulty rope/
cord knot with a braid hitch (fig. 75 c), after having
cut off the now defunct tapered end of the rope.
Hold the pull-down cord at about 50 cm from one
end and wrap a tight plait around the end of the
rope. Start at about six centimeters from the rope
end and wrap the cord very tightly over about five
centimeters, leaving one centimeter of the rope
end free. Then tie the plait off closely with a bow-
line knot. The rope is thus solidly connected to the
pull-down cord, of which about 20 cm remains free
at the end. Use this free end to close the cord trian-
gle with a classic overhand knot, and then contin-
ue as you would with the usual technigue.

The second drawback of cord technique is its
admittedly unpredictable side. Whatever precau-
tions you have taken, there is still the realistic pos-
sibility that the cord will get stuck or break: we've
already had a close call at -600 in a cave in the Char-
treuse Mountains! Such an incident would have
likely resulted in a long wait under rescue blankets,
telling each other jokes to pass the time or wres-
tling to stay warm. And of course, preparing our-
selves for the big smiling faces of the rescue team,
relieved to find us unhurt and ready to give us hell
about our misadventure. ..



When it doesn’t "go” anymore at ground level, it's
time to start looking up. Over time, the course of
subterranean waters leaves abandoned passages in
its path, perched high above. These fossil galleries
are often the key to vast systems. They can provide
you with alternative routes and lead you further
into the active level through shafts that may or may
not be part of the present-day tributaries.

Some of these leads may be easy to reach, but
systematically locating high leads often demands
an organized search. You will soon see the limited
capacity of normal headlamps and may resort to
more high-powered flashlights, dive lights, or even
searchlights. Halogen or krypton bulbs and high-
tech lenses make for more powerful light sources
that are effective in illuminating higher domes.
Working from available topographical, geological
and hydrological data, concentrate your search ef-
forts in key sectors, In meanders, you can some-
times find a detour around a blocked or narrow
pitch by following an original fossil gallery in the
ceiling: bypassing the pitch, this gallery may lead
to an older and perhaps larger pitch beyond. Just
as faraway galaxies show us how they appeared
billions of years ago, these fossil galleries tell us
about the cave system as it existed hundreds of
thousands of years ago. Both give us with an op-
portunity to travel back in time...

When evaluating each lead, try to make your
observations as precise as possible: the height to
be overcome, weak points to attack, potential com-
plications, the quality of the rock. These observa-
tions will determine what equipment you will
need, what technigues you will use, and what your
chances for success will be once you act. Prioritize
these leads according to your evaluation and the
inherent interest that each has in relation to your
objectives.

12.2 Safety Measures
The rope

Just like rock climbing on the surface and for
the same reasons, climbing underground requires
the use of dynamic rope: it must be able to safely
intercept the lead climber’s fall. Since the leader
always moves upward from the last fixed anchor
point (also called a "runner” or “protection” in
climbing), there is an ever-present risk of a factor
one or greater fall at the moment he is placing the
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second next anchor. The climber could fall nearly
to the bottom of the pitch; if he was senseless
enough to try climbing more than two times high-
er than the height his first runner, he will simply
smack right into the ground. Note that falling be-
fore you set your first runner is strictly prohibited,
just as it is at the beginning of any climb!

A new, dry semi-static rope can of course support
a factor one fall. But if it is wet, its shock absorp-
tion is cut almost in half, which precludes us entire-
ly from using semi-static rope. We may only use dou-
ble or single dynamic rope. It is not obligatory to use
double rope, asin mountain or rock climbing, since
we don't need to descend by placing rappels. At first
glance, you may be tempted to use a single rope
since this requires only half the amount of rope in
comparison to double roping. The lightest 8.1-mm
diameter double ropes now weigh 42 grams per
meter. Thanks to technical innovations, their single
rope counterparts are only 9.4 mm and weigh 58
grams per meter. When you do the math, you'll find
you save 30% more weight — 780 grams for 30
meters - by using single rope. And using single rope
is easier, since you don’t need to distinguish between
the two strands during your maneuvers.

On the other hand, double roping has its ad-
vantages. It creates less friction on the anchor cara-
biners, and it is also the safest technique since the
two ropes are significantly more shock absorbing
if an anchor fails. This is especially important since
each rope only passes through every other runner,
and you should remember this in the presence of
bad rock.

Double roping requires better coordination be-
tween the climber and his belay partner, and re-
quires more participation from the belayer. This is
not a bad thing, since it will help keep the belayer
warm and more alert! But the belayer must have a
thorough knowledge of all the maneuvers in-
volved.

We will discuss both methods and leave the
reader to learn and test both and choose which
one is best, according to his tastes and also to the
specific conditions of each climb. If the climb is far
from the entrance (in length or depth) or if you
intend to try free climbing, you would likely choose
asingle line. But if the climb involves a difficult hor-
izontal traverse or several direction changes, use a
double rope.

No matter which method is used, the deliberate
pull of the belayer aiding the lead climber (via an
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Fig. 308 — Tying onto the rope for climbing.

auto-lock descender for example) adds to the stress
placed on the runners. Keep this in mind when
choosing and installing these. You can also bypass
an anchor you think is unsafe by using your cow-
stails and asking the belayer not to pull on the rope.

Roping up

Tying on to the rope is done in the same way,
whether you are using a double or single line. The
rope passes directly through both harness attach-
ment loops rather than the harness maillon (fig.
308). To do this, tie a rethreaded figure eight (or
two knots when climbing on a double rope) as close
as possible to your body.

We have two strong arguments for using a chest
harness, and the first is reason enough to make it
compulsory:

* It prevents you from turning upside down in the
event of a fall. In the event of a loss of conscious-
ness or injury, turning upside down increases the
already grave risks related to seat harness pa-
thology (see Chapter M, section 2). The chest
harness should be strong and solid, like those
used in climbing. It is linked to the to the rope
itself and acts as a full body harness.

* Correctly fitted, it provides a comfortable, up-
right hang and good support for carrying the
many tools and accessories you will need for the
climb.

Belaying

You can belay using some of the favorite tools
of “real” climbers: the figure eight descender,
Stitch plate, gri-gri, climbing ascenders, etc....But
why weigh yourself down with all this special gear,
when you can belay with the your plain old caving
gear ? All you really need is your descender installed
in a “zero” or a Munter hitch. We no longer prac-
tice body (or shoulder) belays. If you have an auto-
lock descender, the best method is to install this in
the “half stop” configuration on the belayer’s har-
ness maillon, passing the rope over the lower spocl
only (see fig. 263, top drawing).

The belayer will “pay out” the rope by operat-
ing the handle with one hand and feeding the rope
above the descender with the other. Take up the
slack by pulling on the free end.

The lead climber is obviously much more active,
and therefore warmer, than his belay partner. It is
advisable to switch roles from time to time so that
both partners can stay warm, If there are three in
the team, the third can relieve the belayer period-
ically, while the climber continues up.

Like the pit rope, the climbing rope is kept in a
pack and fed out as the climber ascends. This saves
it from an accidental trampling, falling rocks, and
mud: clay in particular will make it slippery and
compromise an effective belay.

The skyhook

This accessory has its true purpose in aid climb-
ing, and it should be a part of every bolting kit.
Link it to your seat harness with a carabiner or to
one of your cowstails, then hook it onto a feature
in the rock and carefully test its hold before trans-



ferring more of your weight or balance onto it. This
allows you to free your hands, rest your legs and
thus relax your back muscles. This welcome rest
helps you place your anchor in more comfort and
stability.

12.3. Free Climbing

This is the simplest and fastest method of all when-
ever possible, and this is the case more often than
we think. Aid climbing with a drill isnt necessarily
more difficult, but it is more time consuming. Even
when aid climbing, if you come upon a passage that
lends itself to free climbing, leave your tools be-
hind and become “one” with the rock. But always
remember to minimize your risks, and don‘t take
chances: this is no practice session, and a false move
could be critical.

Our boots grip pretty well on clean rock, even
when it's wet, but in some places you better forget
scaling the wall. When the passage allows, opt for
opposition climbing, or chimneying, technique.
While chimneying often seems to repel rock climb-
ers and mountaineers, it allows us to overcome
many obstacles underground, and cavers excel at
it. Of course, the subterranean rock climber isn't
burdened with the “correct form” concerns of the
rock climbing purist: whether you use a knee or an
elbow or place a sling to substitute for an etrier is
of little importance, because in this case the end
justifies the means. And though a fantastic climb
might be a source of pleasure underground as on
the surface, the caver’s joy doesn't end at the top
of the climb. On the contrary, it's in fact at the end
of this hard-fought challenge when his heart starts
to pound in expectation...Will his efforts be reward-
ed with this newly discovered passage, will it lead
to still more new cave, and farther into the un-
known?

Along with the cave diver and the cave digger,
the subterranean climber holds the key to many of
the discoveries to come in this limestone land
where it seems so much has already been explored.

12.4 Aid Climbing

In the absence of sufficient natural holds that
would permit a free climb, you can still resort to
placing temporary anchors, or aids, as you climb.

Equipment
The gear to be used is divided into two catego-
ries. The first includes gear that is essential and
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common to all climbing methods used; the second

comprises gear that is specific to the chosen tech-

nigue, and will be described in detail below, with
each technique.
Essential gear for all methods includes:

1. One or two etriers (depending on the method),
each equipped with a fifi hook and a retrieval
cord that is attached to the climber. This auto-
matically releases the etrier from the anchor
point as the climber leaves it.

=1 To do:

For better maneuverability, attach the two etri-
ers on both sides of the seat harness belt or chest
harness, rather than on the harness maillon. Use
three-step or, preferably, four-step etriers.

2. Equipment for setting anchors (runners), which

will vary in type according to the nature of the
route and the quality of the rock. This may in-
clude hand and/or power drill, hammer, self-
drilling anchors, pitons, removable bolts, cop-
per heads, quick slings, webbing loops/slings,
etc. Power drills are slowly replacing manual
drills in aid climbing, especially if the climb is
high, since it saves an appreciable amount of
time and energy for the climber, which justifies
its extra weight. Modifications for limiting its
weight when in use were discussed in Chapter
E, section 7.4.
All this heavy equipment can be divided up and
carried on the seat and chest harnesses if these
have gear loops, or they can be carried on one
or two slings of webbing worn as a bandolier.

3. A single or double rope, depending on the
method you choose, which should in turn de-
pends on the climbing terrain. Rope maneuvers
will differ according to which type of rope you
use, but not according to the climbing method
used, whether this is with etriers, a Raumer bar,
or a bolting platform. For a more practical dis-
cussion, we will describe these various rope ma-
neuvers, taking the technigue of climbing with
etriers as our example.

7o do:

Install a haul line between the lead climber and
belay partner for use in resupplying drill bits, equip-
ment, water, etc. This also allows the climber to get
rid of some of his equipment if he sees the oppor-
tunity for a free climb, for example.
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12.4.1 Aid climbing with etriers

on a single rope

Alternating between two etriers allows you to

place successively higher anchors, moving from one

to the other on the etriers (fig. 309). This method

makes it possible to set the anchors at about 85

cm-1 m apart, maximum.

1. Roped up and wearing all the necessary person-
al and bolting gear, climb up and set the first
anchor.

o Key point:

The first three runners should be bombproof,
placed to prevent you from falling all the way to
the ground if you lose a hold.

2. Fitthe ring or plate on the runner with a quick-
draw sling (a short stitched piece of webbing
with a carabiner attached in a loop at each end).
The fifi hook of the first etrier is placed in the
quickdraw carabiner that is attached to the run-
ner (we will call this the runner carabiner), while
the rope clips into the carabiner at the other
end (we'll call this the rope carabiner). This re-
duces the drag on the rope.

3. Climb as high as possible on the etrier and clip
in as short as possible to the runner carabiner. If
your short cowstail is too long, shorten it or re-
place it with two linked carabiners. The belayer
holds the rope firmly.

) Key point:

With legs stretched and knees locked, you may be
able to stand with your upper body above the run-
ner by leaning out in opposition to your tensioned
cowstail. This stance achieves the most distance for
placing the next runner.

If the wall is even slightly overhung, you cannot
use this stance; it is unstable, and it's impossible to
raise your seat harness above your present runner.
You must instead clip in as close as possible with a
single carabiner.

4. Holding your pasition, set the next runner and
place a new quickdraw on it.

5. The belayer, in the meantime, pays out the rope
needed to place it in the upper rope carabiner.

6. The climber clips the second etrier into the run-
ner carabiner. While transferring your weight
from the first to the second etrier, remove your
short cowstail from the lower runner and im-

Fig. 309 - Aid climbing on a single rope.




mediately place itin the upper runner's rope car-
abiner. During this rather sporting maneuver -
which should be as brief as possible — the belay-
er helps by increasing tension on the belay rope,
while the climber stabilizes himself by holding
the quickdraw with one hand, clips the cowstail
into it, and then sits back on it.

7. Now you can prepare to set the next runner, re-
peating steps 3-6.

i To do:

While setting your anchor you can use both etri-
ers, one for each foot. This position provides more
stability because it allows you to stand with legs
apart. If your etriers are made of webbing, you ef-
fectively have no choice since it's difficult and rath-
er tiring to stand with two feet in one webhing
loop.

12.4.2 Aid climbing with etriers

on a double rope

Double roping saves you from maneuvering with
your cowstails. Before standing up in the etrier, run
one rope through the rope carabiner. The belayer
maintains tension on this rope while paying out
the other, following your every movement as you
are transferring your weight from the lower to the
next runner (fig. 310).

Compared to belaying on a single rope, your
instructions to the belayer are different. You must
refer to the specific strand of rope (usually by col-
or) instead of simply calling, “tension” (N.Am.) or
“take-in" (Br.) to take up slack in the rope, or
“slack” to pay out the rope.

12.4.3 Other aid

climbing techniques

All other aid climbing methods are based on the
same principle: place a straight aluminum bar
against or near the wall, and attach it to the last
runner so as to position its upper end as high as
possible above this last runner. The climber gains
additional distance by clipping in to the upper end
of the bar.

You can also use a simple tube with a hole pieced
halfway along its length. This point is linked to the
anchor and its lower end is stabilized either with a
rope pulled taut from below, or by simply applying
the climber’s weight. The upper end, attached to
the harness, helps elevate the hips above the belay
point. The Raumer bar belongs to this family of
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Fig. 310 — Aid climbing on a double rope.
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Fig. 311 = Aid climbing
with a Raumer bar

climbing aids (fig. 311). You can also construct a
kind of bipod platform that can be stabilized once
it is attached to the anchor. There are several kinds
of bipods and tripods having a vertical section that
attaches to the wall: these also fall into the cate-
gory of bolting platforms.

12.4.4 The Raumer bar

This compact, lightweight bar (350 g) is highly ef-
fective and easy to install. It requires two-holed
anchor plates that can withstand pull-out traction,
and a special kind of etrier that you can fashion
yourself. With each runner - and for the same ef-
fort — the Raumer bar can help you gain an extra
30 cm height and thus a considerable amount of
time, compared to traditional etrier cdlimbing (see
fig. 311).

You normally use a single rope belay, but dou-
ble roping is also possible, Be careful where the
route moves off to the side: if you place too much
of your weight on the top of the bar while trying

to move sideways, you risk rotating the bar
to the side. This could cause the anchor plate
carabiner to break or damage the bar itself.

12.4.5 Bolting (scaling) platforms

and Spiders

The bolting platform is the ideal tool for

long climbs since it allows you to place

much higher anchors (about 1.5 meters); it

is also quick to install and relatively light. A

normal platform pulls on the anchor at less

than a 45-degree angle. This makes it pos-
sible to use other anchors besides self-driv-
ing sleeves and expansion bolts, and to use
lighter plates. On the other hand, normal
platforms cannot be used where there is
the slightest overhang. The Spider platform

{from the french Araignée) has the advan-

tage of allowing a higher reach (1.85 -2

m), and it saves time. The drawbacks are

that it is more difficult to carry, install and use, and

its weight can soon become an important factor:
at least 1500 grams. When in use, the spider pulls
at a 45-degree angle, a direct pull-out load, so it
can only be installed on a ring or anchor plate that
has an acceptable pull-out strength. This allows it

to work on slight overhangs (fig. 312).

Both kinds of platform operate the same way,
with either a single or double rope:

1. A quickdraw is placed in the ring (Spider) or
hanger plate (normal) of each new anchor, and
the platform is attached by its fifi hook to the
hanger carabiner.

2. The upper etrier which is used to access the plat-
form is linked to the same carabiner by its fifi.

3. Standing on the lower etrier, the climber is be-
layed by the two strands of double rope, each
passing through the rope carabiners of both
quickdraws. There is thus a “high line” and a
“low line" that should be distinguished by their
different colors when calling out instructions to
the belayer.

4. With tension on the belay, the climber steps into
the upper etrier and then raises himself cau-
tiously onto the platform. With a normal plat-
form, he stands in profile with one shoulder
leaning against the wall; this position provides
the most stability. With a Spider, he faces the
wall and can even, in favorable conditions, bal-
ance himself from the top of the device, clipped
in with a carabiner (fig. 312).
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Fig. 313
Fig. 312 - The Spider platform.

5. The lower etrier is recovered using its retrieval
cord.

6. The cycle is complete when the next anchor is
installed, and steps are repeated (figs. 313, 314).

12.4.6 Removable anchors for aid climbing
There are two basic categories of removable an-
chors: those that exploit the existing surface fea-
tures of the rock, and those that require a drill hole.

The first type are of course preferable since they
can be completely removed, leaving the rock in its
original state. Another advantage is that they are
faster to place.

The second type can be placed anywhere and
guarantee a better hold in the rock. However, they
still leave part of the bolt permanently in the rock.

Removable anchors take advantage of the nat-
ural features in the rock (stalagmites and flowstone

Stepping up onto
the bolting platform.

Fig. 314 — Installing
an etrier at the next
anchor point.

columns included), namely fissures. They include:

* chocks, which come in many shapes and sizes:
nuts, hexcentrics, Friends, and other mechanical
jamming devices, and cord knots. These can be
placed without additional accessories, but often
require a tool, such as a small metal hook, to be
removed from the rock;

« pitons of all shapes and sizes, each adapted for
the various types of joints and fissures in which
they are placed;

« maleable anchors: copperheads and their lead
counterparts, which are hammered directly into
holes or fissures and conform to their shape.
These are not used much in caving;

» Slings and etriers, for tying in and around vari-
ous configurations.

All of these devices have be