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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.

Melanie Alspaugh,
Allschwil, 2002

The English edition of Alpine Caving Techniques
is dedicated to the memory of Joe Ivy.



Foreword 9

Equipment

A

1.
2:
3

»

PN A S BEWLND= @

Moo s WN SO

PNV AWNS M

Basic Principles 13
Criteria for Choosing Equipment ................ 13
The Need for Proper Maintenance ... .14
Reference to a Standard:

the “"CE” Mark .....cccooveiiniiiiiiiincccieiens 15
Rules:of CONAUGE i mmusmamesme s 17
Suiting up 18
Undergarments sssssssssssmmssissssnsosmmssssing 18
The Caving Suit .. ssss 20
GIOVES iiisissosnssssmmmmmmmmmasssspississsmsss sy 22
BOOLS swsumssnmsmmmissmmssssasssmsamassnsnsmmssussons 23
Pontonniere and Cagoule.........c.ccccoovneeee. 26
WELSOIES ... rovseeissmsivms s rmmassndens 27
Lighting 28
The Helmet.......ccovvrereerinnniniscscisiansesiensens 28

The Acetylene Generator...........cccccceeveuenene 30
The Headlamp .........ccoevveneeccnnernccneenee 33
The Rescue Blanket ..........cccocoeevieieiiieneniicnns 36
Personal Gear 37
The Harness .......coceeeerieeieeiesieceeee e 37
The Seat Harness Maillon ...........cccccevnenne 39
COWSLAINS ... 40
The Descender ........ccooeeverircieeieieceecieeeene 43
ASCENAETS ...t 46
FOOLIOOPS i snsssimmmenmsrsmmussssasennsinie 51
Carabiners .....oceismesnesssusessarsssiessnsessneranaasssnns 52
Material for Rigging the Cave 55
Ropes: the Basics vusssrmnmeumsisssmasimise 55
Static Ropes .

Knots i :
Dynamic: ROPES i::isssmsusanssssasisassssommmasissss 80
Cords, Webbing and Accessories ................. 81
LadAers ..i.suaiimissssswrsssvmssssasss suasvemimsgassvsass 82
HardWare: ......eismssmsvissossmssmmsassssimimssm 83
CORNBCEOFS 100 vinvisnossssinasssimssas s sasiisnsAERE A 102

able of Contents

PULIEYS! sssnssevmesmenafismeammmvon musmasmstimamenssnins 104
L Marking the WaY, ...cosvismsmiismmimseanniosn 105
Y- Vo (V] | gl €]-T:] SR—————— o 107

Transporting Gear and Supplies 109

Cave Packs (Tackle Sacks)

Carriage Frames ..............

Watertight Containers ..........ccccooeivieneenenes

OLhEr BAYS: o-conresersssssssessisssssimminussssnissimimmess

Carrying Food and Utensils ...........cccccouene. 114

Physical and Mental Aspects

G Physical Resources 117
1. Biochemical Mechanisms ........c..cccceeeinine 118
2. Dietand FOOd ......ccoceoiiiiimiiniiiiiisicieee 120
3. Signs of Fatigue .......ccccevvveeininicieiciene 121
4, 'EXDAUSHION cicsmmmmmsrivessesvsmmssmommsansassuoneasonans 122
H Mental Aspects 123
1. Lack of Confidence .........ccccceeviriiiinniennnns 123
2. lliness or Lack of Motivation............ccc....... 123
| Training 124
1. Improving Physical Performance ............... 124
2. Optimizing FOrMicssissssssses .. 124
3. Conditioning and Training .........cccceeveeeneee 125
Underground
J Moving Through the Cave 127
1. Travelling Without Gear ..........cccooevrinnnee 128
2. Vertical Technique: General Principles ...... 137
3. Rappelling (Descending/Abseiling)

with a Descender ..........cccceevvviinienieieninienenns 137
4. Climbing Rope on a Frog System ............... 148
5. Complimentary Use of the

FOOt ASCENAET ... 157
6. Other Climbing Methods ..........cccccevennnne 160
7. Various Rope Maneuvers ............. .. 164
8. The Rope and Energy Absorption ............. 168
9. Climbing Ladders .........ccoconinnieniniiininncne 169



K Rigging the Cave 174
1; BasiciPringiples isismussnmmmmnamnsmas 174
2. Rigging Vertical Pitches ...........ccccoveriruenene 176
3. Preparation and Approaching

the Pitch Head ........ccccoviinicnicnncne 177
4. Natural ANChors ........ccoeeeviiiieciicene 180
5. Placing a Backup Anchor at

thePiteh IHEEH wsncamramuimnmmsismmuvensens 184
6. Traverse Lines and Tyroleans ... 189
7. Placing Rebelays...........ccoeevnirerciccciiinnnes 198
8. - IDeViations qunwsmssnnmsnummmmimn 202
9. The Various Shapes of Pits

and Pitehes . osssnsmsmmomummis s 204
10. Light Rigging Techniques .. s2: 206
11. Pull-down Techniques ........ ...214
12. Climbing Underground...... siss 22 |
13. Aquatic or Active SyStems .........susissesesessesis 229
14. Enlarging a Cave Passage ..........c.coceeevureene 238
15: ‘Cave DIVING wwsssmmmmsmmmmmsvanummssmiss 245
L Exploration 246
1. Organizing an Exploration ...........ccccceueu.e. 246
2. Continuing an Exploration or

Visiting a Known Cave .........cccccccervinnnne 256
3. Winter Explorations ..........ccoceeeveenncecnnnnns 259
M Emergencies and Rescue 263
1. Lost, Forgotten, or

Broken Personal Equipment ............c.c...... 264
2. Small Party Self-Rescue: Evacuating an

Injured Person from the Cave.................... 269
3. Removing a Victim from

an Unrigged Passage ..........c.ccccccuecnnnne 270
4. Removing a Victim from

a2 WEL Passage s eososmosvmses s ismsgiis 271

5. Removing a Victim from

LG ROPE sisessmsissssnmasasnfimssmmsasssssssnssonssssongass 271
6. Victim on Ascenders:

Lowering the Victim from Below .............. 274
7. Victim on Ascenders:

Lowering the Victim from Above............... 288
8. Victim on Ascenders:

Raising the Victim from Above.................. 288
9. Victim on Ascenders:

Raising the Victim from Below .................. 296
10. Victim on Ascenders:

The Final Choice ........ccceciiiiiiiiicicie 299
11. Removing a Victim on a Descender

from the ROPe ......ccoovvueiviceneiiiiieee 299
12. Removing a Victim from

& TraVETSe LiNG: sosmsemiommsmassmpisvovnss 299
13. Removing a Victim from

8 TYIOleAN ssmestismmemsessnsozssnss s s snmenssss 300
14. Once the Victim is off the Rope.................. 301
15., FlOOdS: i cusmunsmsmmpns oo 303
N Observing and Documenting the Cave 307
1. TolLookiisiNOt 10 SE8 ::uwsssmsssseammssmassmmmss 307
2. Classifying and Archiving Cave Data ......... 31
3. Disseminating Information ............cccce.e. 312
Conclusion
Respect for the Environment ..........ccccceeennnne 314
Preserving the Future .........ccooeceiiiniiciccns 315
In Pursuit of DIiSCOVEry ........coooiiriininiiiiiies 315
Bibliography .......ccccceoiiiiiiiiiiiiicnee 316
156 L5 NV S 317



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



10 | Alpine Caving Techniques

Foreword

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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B Suiting up

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.






