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ABSTRACT

For many years nenbers of the South African Spel aeol ogi cal Association
(SASA) have had to end their exploration of a cave systemat a pl ace where
the cave passage ended in a pool of still or flowing water. Besides a few
dangerous and usually futile attenpts at free-diving these underwater
passages, diving in this type of situation has been very limted in South
Africa until a few years ago.

Most of the SCUBA diving done in fresh water caves has previously been done
inlarge underground | akes or crater |akes such as Si noi a Cave (Rhodesi a),
Ojikoto Lake (SWA) and Wondergat (OFS) which require little, if any,
experience in caving or cave diving techniques.

Thi s paper descri bes a few caves whi ch have been expl ored nore fully by SCUBA DI VERS
FROM SASA in the |inestone belt of the Cango Vall ey near Qudtshoorn. Reference is
made to specialised techni ques and equi prent used as well as the dangers, ains and
Scientific Research possibilities associated with cave diving of this nature.

1. | NTRODUCTI ON

Fresh water cave diving i s a subject with many vari ati ons because there are not only
many reasons for diving in a cave but al so many types of cavetodivein. As aresult
the diving conditions vary fromshort, tight streampassages with zero visibility,
only a fewnetres deep to huge underground | akes over 100 netres deepwith visibility
of 50 netres or nore. This paper deals with the former type of diving condition,
wi th special reference tothree linestone caves i nthe Cango Vall ey, near Qudtshoorn
nanely Cango Cave, Efflux Cave and Confl ux Cave.

Cave diving in South Africais a fairly new branch of SCUBA di ving and in the past
nost peopl e who have di ved in caves have been trai ned either as SCUBA divers or as
spel aeol ogi sts, but not as both. |In June, 1973 a party of divers fromThe Atlantic
Underwater Club were invited to join The South African Spel eol ogi cal Association
(SASA) inatriptothe Cango Valley to dive in Emerald Lake and in a water trap in
t he streampassage at the furthest exploredextrenity of Cango !l or “The Wnder Cave”.
Si nce t hat nost successful weekend t here has been anincreasedinterest i ncave diving
as an integral part of spelaeology and close co-operation between SASA and The
At | antic Underwater C ub has resulted in a nunber of peopl e nowbei ng nenbers of both
organi sati ons si nultaneously. By Novenber 1974 the position of Cave Diving Oficer
has been nade in the SASA comrmittee and to date a | arge nunber of caves have been
di ved i n by SASA, not only in South Africa but al soin SWA and Rhodesia. |n addition,
a set of Cuidelines for Cave Diving and a Cave Di vi ng Handbook have been drawn up
by SASA. The uni on of spel aeol ogy and SCUBA diving can be seen when a cave diver
i s diving a short underwat er passage, kitted up in nmining hel net and | anp, overalls,
boots, SCUBA tank and mask.

The reason for SCUBAdivinginwater filled passages such as those found i n sone caves
inthe Cango Vall ey woul dfirstly betoascertainwhether further ** “dry” cave exi st ed

** NOTE: "dry" cave nmeans the part of a cave systemnot requiring diving even if
the floor has water over it.
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further on. The passage can then be surveyed by SCUBA divers, the results of which
being i ncluded i n the map of the rest of the cave. Once the explorationis conpleted
SCUBA diving can, either directly or indirectly, be used for research into the
ar chaeol ogy, geol ogy, biology or hydrol ogy of the cave.

2. LI MESTONE CAVE FORVATI ON

If a fault occurs in a sedimentary rock such as |inmestone (ie. cal ciumcarbonate),
rain wat er conbi ni ng with carbon di oxi de fromdecayi ng organic matter to forma weak
solution of carbonic acid, finds its way intothe fault and reacts with the cal ci um
carbonate to form sol ubl e cal ci um bi carbonat e.

CaCO3 + O + H0 = Ca(HCOG3) 2

This reaction is reversible and, when the cal ci um bi carbonate solution cones into
contact with an atmospherel ess richin carbon di oxi de, cal ci umcarbonate i s deposited
inthe formof calcite formation. Inthis way a solution cave is forned, often with
a stream passage at the bottom although a nunber of upper systens nay exist.

For this reason, when exploring a cave systemthat appears to have reached an end
on an upper | evel, the streampassage should be | ocated and explored in the hope of
breaki ng through again further on into the main upper system possibly on the far
side of a rocky collapse. It often happens that the streampassage reaches a water
trap or totally submerged underwater passage and the only way to attenpt further
exploration lies in diving. As free diving in caves is expressly dangerous except
for short and well explored passages, SCUBA diving equipnent and techniques,
specially nodified for cave diving in confined spaces, shoul d be used by specially
trai ned cave divers.

3. EQUI PMENT REQUI RED FOR DI VING | N RESTRI CTED CAVE PASSAGES

When sel ecting equipnment to dive a waterfilled passage in a cave, the nininum of
equi pment shoul d be used that will still allowa good safety factor, as the site for
t he cave di ve may be over 1,000 netres fromthe cave entrance andit i s a considerable
task to transport diving equi pment, ropes, caving equi pnent and ener gency equi pnent
t hrough a cave which may require craw i ng or clinbing over slippery rocks or rmud.

It has been found that a high pressure 4 litre tank with carrying handl e and screw
i ntype demand val ve i s an i deal conbi nati onfor short water traps. Thetankis usually
hand- hel d whil e diving to prevent it catching on the roof of the passage. Although
only one diver usual ly dives at atine, there nust be a standby di ver and a rope t ender
present. The life |line can either be nmade of pol yet hyl ene which floats or braided
nyl on whi ch sinks, although nylon is the stronger of the two. The |lifeline nmust be
brightly coloured and be at I east 4nillinetresindianmeter. Amask w thout a snorkel,
a neoprene vest, an underwater torch, conpass and watch conpl ete the basic diving
equi prrent .

FI i ppers and wei ghts are usual | y not used as t he di ver can push and pul | hi nmsel f al ong
with his feet and hands. A spare torch, caving boots and hel met nust be avail abl e
to enabl e exploration on the far side of the water trap if necessary.

4. CAVE DI VING I N THE CANGO VALLEY

4a. CANGO || WATER TRAP

The Cango Cave systemruns due west al ong the main Cango | i nestone belt and consi sts
of Cango | which is the tourist section (800 nmetres long), Cango Il or the “Wnder
Cave” (400 netres | ong) and t he newl y di scovered Cango I || (approxi mately 2,000 netres
| ong) .
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On the 1st June, 1973 a party of five cavers, including two divers, attenpted to dive
awater trapinthe streampassage bel owthe end of CangoIl. Awater trapis defined
as any pl ace where the roof of a cave passage di ps underwater but |ifts agai n above
the water further on. The purpose of the dive was to try to ascertain the extent
of the underwat er passage and whet her access existed to a further “dry” cave further
on. An attenpt had previ ously been made to free-di ve the water trap by a seni or nmenber
of SASA and a snall chanber with limted air space had been found, about 6 netres
in. It was therefore planned that the sane person would again free divetothe first
chanmber to act as an i ntermedi ate rope tender for a SCUBA di ver, who woul d conti nue
al ong the underwat er passage at the far side of the chanmber. This nenorable cave
diveresulted in the discovery of a further 15 nmetres of underwat er passage at which
poi nt the passage consisted of linestone with a floor of fine silt, which quickly
stirred up the naturally clear water into zero visibility. As the water flow was
towards the entrance to the trap the visibility was good in front of the diver with
the result that small calcite formati ons were seen further on in the passage before
it took agentleturn, indicatingthat there had been air in that section during sone
previous period. Adirect result of this cave di ve was t he purchase by t he Qudt shoorn
Muni ci pal ity of a submersible water punp to enable the water | evel to be dropped so
that the passage floor could be dug out, enabling cavers to get through

On 30t h March, 1975, after the streampassage had been suitably enlarged, the first
two peopl e broke through into a continuation of the upper Cango Cave system whi ch
turned out to be about 2,000 netres of the nmost beautiful cave in South Africa, now
known as Cango I11.

As Cango |1l is sealed off fromthe rest of the cave, and probably fromthe outside
Worldconpletely, it presents a unique situationfor scientificresearchfor anunber
of reasons. It has not yet been ascertai ned where the Cango streamorigi nates or
where its final destination lies. It has been explored downstreamfromthe Cango
Il water trap to under Cango | and upstreamwell into Cango Il beneath the upper
system Both ways it is likely that further exploration will require SCUBA diving.
The mean water flow of 700 litres per hour and water tenperature of 18 degrees
Centigrade do not differ appreciably throughout the year

If the seal on the water trap i s continuously broken by dropping the water |evel in
t he streampassage by neans of a punp, then the delicate bal ance that exists in Cango
1l may be affected. This could effect the formation of the calcite deposits that
decorate the cave i n such abundance. The ideal way to control this would be to all ow
only divers through the water trap to take readi ngs of carbon dioxide in the air

air and water tenperatures, hum dity, atnospheric pressure, etc. The air in Cango
| is badly contanmi nated with carbon di oxi de by the many people who visit the cave
and to a |l esser extent, isthe air in Cango Il. As the humdity in the cave is very
high (nearly 100%, the high concentration of carbon dioxide conbines with water
vapour to formcarbonic acid, causing the formations to | ose their original sparkle,
oftentore-crystalliseinadull, powdery cal ciumformwhich attract dust deposits.
For this reason an excess carbon di oxi de bui | d-up shoul d not be all owed in Cango I11.

4B. ATTEMPTED LINK UP OF EFFLUX AND CONFLUX CAVES.

About 15 kilonetres to the East of Cango Cave is situated Effl ux Cave, al so running
due West al ong t he Cango Val l ey | i nestone belt. Here 760 netres i nto the cave t hr ough
tight craw s and one i npressively [ arge chanber is found a water trap in the stream
passage.

Here on the 16th Decenber, 1973 anot her inportant breakthrough was made by nenbers
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of SASA when the water trap was dived by two of its nenbers, using a four litre high
pressure tank. The trap was wi de but with very little roof cl earance, and had a nuddy
floor. As it was entered with the flow of the streamgoing in the sane direction
as the diver, the opposite situation existed to that in the Cango Il water trap and
the visibility was zero fromthe start of the dive. The water trap was only about
6 metres inlength and t he streampassage onthe far sideledinto avery |arge chamnber
with active calcite formations. To date the explored | ength of the cave has been
extended by another 740 netres. A fixed guide Iine has beeninstalled in the water
trap by divers as wel |l as avery sinpl e but effective communi cation system consi sting
of a length of hose pipe with a funnel at each end.

On plotting the I'ine surveys of Efflux | and Il it was found that the furthest point
of exploration, where the streampassage becones too restricted to progress further
was only about 100 netres froman underwat er passage i n anot her cave nanmed Confl ux.
Thi s has been di ved i n once and about five netres in a small waterfill ed chanber was
found with a rubble slope at the far side which appeared to be accessible, but
dangerous froma diving point of view At present plans are being nmade to | ower the
water |evel to enable an attenpt at breaking through into a side systemof Efflux
cave. The likelihood of an Ef fl ux-Conflux |ink-up are good as t he wat er t enper at ures
are i dentical and duri ng heavy rai ns t he sane vol une of water that i s observed runni ng
into Efflux is observed coning out of the entrance to Conflux. A fluorescein test
will also help to confirmthis theory and is planned for the future.

5. CONCLUSI ON

To concl ude, cave diving has becone a vital tool in the exploration of caves and has
becone an extensi on to spel eaol ogy as well as an extensi on to SCUBA di vi ng. The true
cave di ver nmust be concerned basically with cave research and expl orati on.

The scope for cave diving i s wi de and vari ed and there are nany nore underwat er caves
awai ti ng expl oration.
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continued from page 11

has gi ven hi ma uni que insight intowalkingincircles. Thisis his 12th public wal k
of this nature. He has done it several tinmes in Indiaandalsoin Afghanistan, Iran,
Kuwai t, Thailand and Malaysia. His aimis eventually to give the British people a
chance to watch himwalk in circles, and at the same tinme to break the world record
of 160 and a half hours non-stop for walking in circles.

Daily Tel egraph, UK

(Editor: This story seens to be sone sort of conment on Life, if | could but dare
to draw concl usions!)
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APPENDI X A:

GUI DELI NES FOR SCUBA DI VI NG I N CAVES UNDER THE AUSPI CES OF THE SOUTH AFRI CAN

SPELAECLOG CAL ASSCOCI ATI ON ( CAPE SECTI ON) .

Charles Maxwell - Cave Diving Oficer - 16th March 1976

1.

A dive | eader nust be approved by the conmttee prior to the meet. The dive
| eader shoul d be gi ven as much noti ce as possi bl e to enabl e hi mto pl an t he di ve.
A dive | eader should be a conmpetent caver. The dive | eader has the privilege
of choosing his diving teamand non-diving assi stants with the co-operation of
the neet |eader. The neet |eader has the final say in any deci sion.

2. The di ve | eader shoul d use the foll owi ng gui del i nes when choosi ng cave di vers:

(a) It is recommended that a 3rd Class Diving Certificate by held by all cave
di vers except under certain circunstances and at the discretion of the dive
| eader. An eventual cave diver’s conpetence test should be devised, to
be passed by all cave divers.

(b) Al nenbers of the diving teamshould be able to handl e thensel ves in the
cave up to the point of the dive.

(c) Diving in restricted caves should be done only by cavers experienced in
tight dry caving and caving in stream passages.

(d) It is the dive |leader’s privilege and/or responsibility to decide on the
equi prent requi red by each cave diver in the teamand nust prevent a diver
fromdiving if his equipment is considered to be inadequate, unsuitable
or faulty.

3. Whenever a cave dive i s done invol ving SCUBA, then t here nust be suitabl e st andby
diver/s with adequate equi pnment to performa rescue i f necessary. At the dive
| eader’ s discretion a diving buddy can be considered as a standby diver.

4. When t he di ve | eader i s personal ly involvedin adivethen he should, if he feels
it isnecessary, elect adeputy diveleader totake charge whil e heis underwater.

5. It is acceptable for onediver todiveat atimeif thetype of cave dive dictates
this. In sone cases it is dangerous for two divers to enter an underwater cave
t oget her.

6. When the circunstances pernit the use of rope signals the follow ng shoul d be
menori sed by all menbers of the teamprior to the dive:

1 PULL: DVER - | AMOK ORI AM GO NG FORWARD. d VE ME SLACK

TENDER - ARE YOU OK? OR ACKNOW.EDGEMENT OF DI VER' S OK SI GNAL OR GO NG
FORWARD SI GNAL OR ASKI NG DI VER TO REPEAT ANY OF THE OTHER
S| GNALS WHI CH WERE NOT CLEARLY RECE! VED.

2 PULLS: D VER - | AM COM NG BACK, TAKE UP SLACK.

TENDER - ACKNOAMEDGEMENT OF DI VER S SI GNAL OR TELLI NG DI VER TO COVE
BACK. (DI VER TO ACKNOWN.EDGE) .
3 PULLS: DI VER - PULL ME QUT SLOALY.

TENDER - ACKNOW.EDGEMENT.
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OVER 3 PULLS: DIVER - RESCUE AS PREPLANNED.
TENDER - ACKNOW.EDGEMENT.

(The | ast signal shoul d be a good nunber of pulls by the diver so that it cannot
be confused with any ot her signal; say about 5 or 6 pulls in quick succession).

7. The use of life lines is nmandatory.

8. Wien a diver cannot conmuni cate with the tender and the underwater conditions
permit himto wear and read an underwater watch, then he nust wear one. The
rope tender shoul d al ways have a watch and the duration of the dive should be
pre-arranged.

9. When sel ecting the size of diving tank or planning the nmaxi mum depth and/or
duration of a dive the one third nmethod should be the m ni mumone used. (ie.
1/3 in + 1/3 out + 1/3 reserve). For exploratory dives in poor conditions a
| arger margin of reserve air is reconmended

10. The dive | eader shall be responsible for reporting to the Cave Diving Oficer

or Committee any new devel opments in cave exploration involving cave diving,
so that records can be kept to assist future cave divers.

APPENDI X B

USE AND CARE OF LI FELI NES

There are basically two methods of using alife line and each has it’'s advant ages
and di sadvantages. The first is aline, attached to the diver’s waist or wist by
means of a bowline whichis controlled by arope tender. This is useful inthat the
di ver need not worry about handling the rope and signals can be transnmitted al ong
it for long distances, provided the |ine does not go round corners or beconme snagged
inacrevice. The main di sadvantage with this nmethod is that the line is nmoving as
the diver noves, increasing the risk of it fray-through or being pulled fromthe
central passage into a crevice. The second nethod is the use of a free running ree

wi t h a handl e and br ake whi ch can be nade up easi |y usi ng per spex and al uni ni umstri ps.
The reel nust be attached to the diver in case he drops it. The brake shoul d work
with a pin that is spring | oaded so that when rel eased it would shoot into a hole
on the side of the reel so in an energency where the diver drops the reel, it would
automatically | ock.

When a passage i s being exploredfor thefirst ti me or when a survey i s bei ng conduct ed,
atenporary knot shoul d be nade at t he poi nt of furthest penetrationor other i nportant
feature either by the rope tender (when using Method 1 or the diver when usi ng Met hod
2 to be nmeasured later for the records. Renmenber that any knot in a rope reduces
t he breaking strain dramatically. Abowineis the best knot for attaching the rope
to the diver, but even this reduces the breaking strain by about 55%in water, as
the rope nust be kept as thin as possible for bul k and wei ght reasons and t he knot
isthe weak |ink, ashort piece of thicker rope could beusedtotieonwth, attached
to the thinner rope by neans of an eye spliced into the end of each rope and a smal |
stai nl ess steel snap hook or shackle (a splice weakens the rope a great deal |ess
than a knot).

The rope shoul d be i nspected at regul ar i nterval s for signs of wear or damage as this
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i s one of the nost inportant pieces of equipnent in a cave dive. A fixed guideline
or life line should not be used to pull the diver through the water unless in an
energency, as this will place unnecessary strain on the rope. Wen a pol yet hyl ene
(floating) rope is used in a cave with an irregular roof, it nmay float up and get
stuck, nmaking the return trip, possibly in zero visibility, difficult. In such
situations the diver shoul d signal “take up sl ack” so that the rope tender will keep
tensi on on the rope.

I n some underwat er passages which are dived often such as a water trap separating
two “dry” sections of the cave, a permanent guide line is reconmended. This should
be fairly heavy rope such as an obsol ete clinbing rope or steel cable and shoul d be
wel | secured at either end. This does not nean that the diver may dive w thout a
life line unless under certain circunstances, a short rope is attached to the diver
and the other end is run along the guide line, using a snap hook. For short syphons
fi xed communi cati ons can easily be set up by neans of a |l ength of hose pi pe with each
end out of the water and a funnel stuck in each end, making a “voice tube” whichis
very effective, reliable and cheap

When two divers use a life line together, the rope should be secured to the | eadi ng
di ver and the second diver should have a waist band with a snap hook that can be
attached tothelifeline and runalongit. Analternativeis to use a “buddy line”,

but this is not suitable for tight passages. The normal procedure woul d be to sel ect
a “lead diver” to who's wai st or wist (depending on personal preference) the life
line is tied, using a bowine knot. The second diver would have a | ength of rope
attached to hinmsel f, | eaving a | ength of about 2 nmetres. On the other end woul d be
a snap hook or carabi na whi ch woul d be snapped onto the life Iine between the “| ead
di ver” and the rope tender, ensuring that it could run freely back and forth al ong
the line. This nmethod is much less restrictive to both divers and using this nethod
the signal is passed either fromthe tender or fromthe second diver both ways, so
that both divers and tender are always kept informed. Also, if the “lead diver”
di scovered a si de systemto expl ore, the second di ver canrenai n at the entrance (that
m ght al ready be deep into the cave) and becone the tenporary rope tender. Thisis
especi ally useful as rope signals do not transnit round corners and the | ead di ver
m ght require soneone at the entrance to the side systemwith a torch to enable him
to retain his orientation, especially on a deep dive. Rope signals are of vita

i mportance and shoul d be standardi sed for all divers with possi bl e nodifications when
requi red. They should be sinple, fewin nunber and nenorised by all nenbers of the
diving team VWhen any involved nessages are required a proper underwater
communi cati ons systemmust be used (refer Section 12). The rope tender shoul d keep
tension on the rope at all tines to receive signals and night need an assistant to
help with coiling the rope when the diver is com ng back to avoid tangles.

There are a nunber of ways to attach the rope but the best woul d be around t he wai st
or onto the wist. The latter way is better for signals and for being pulled out
i n an energency, but nmust bewell tiedas it can (and has) slipped off a diver’s wi st
during a dive. A bowine with double hitch is the best knot and nust be well tied
and checked before the dive starts.

The above gui del i nes have purposely been | eft open to mani pul ation to suit the many
variations to cave diving. It is also inportant that one nenber of the non-diving
t eam shoul d have a good know edge of first aid, with special enphasis on mouth to
mout h resuscitation, cardiac massage and treatnent of shock

Al t hough these gui delines were desi gned for one particular diving club they may be
of sonme use to other cave diving groups, with possible nodifications.
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