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Dodgy Devices

T

here were concerned expressions on everyone’s faces when I slipped into the Santa Fe
River for the first dive on my homemade rebreathers – the device looked more like a cross
between a set of bagpipes and a vacuum cleaner than any form of life-support apparatus.
I silently disappeared without a trace. Then there was an eruption of bubbles, and the
audience broke into laughter as I emerged holding the contraption in two pieces with water
pouring out of it. Back to the drawing board!
I stress that using home-made life support apparatus is very hazardous. Messing
around with rebreathers can leave you looking stupid, dead or both. Furthermore, such an
enterprise might not actually save you any money. View it as a form of adult entertainment,
though, and you won’t be disappointed.
Rebreathers are old technology, pre-dating the development of the aqualung by well
over 100 years. The principle of a rebreather is very simple: the diver’s breath is continuously
recirculated between the diver’s lungs and a breathing bag (or counterlung). Some means
of adding oxygen is used, to replenish that which is metabolised by the body during
respiration; the expired carbon dioxide is removed by a bed of chemical absorbent based
on a mixture of sodium and calcium hydroxides (sodalime). The advantage of this closedcircuit arrangement is that a diver’s gas supply can last many times longer than in normal
open circuit scuba, where the wearer’s expired air bubbles out at the end of each breath.
For example, whereas a 3-litre cylinder of air filled to 200 bar would last about 25
minutes on the surface when breathed on open circuit, at a depth of 40 metres (five times
atmospheric pressure) it would last only 5 minutes. But if the cylinder were filled with the
same amount of oxygen and breathed on a closed circuit rebreather, the duration would be
over 5 hours on the surface – and the same at 40 metres, so long as the scrubber canister
held enough absorbent. Of course, oxygen toxicity would be a problem at this depth, so
it is essential to dilute the oxygen with nitrogen (using air) or a helium/nitrogen mixture
(trimix) to mitigate this. In order to maintain oxygen levels adequate to support life, some
form of electronic monitoring is also advised, as the body’s response to too little oxygen
(unconsciousness) or too much (seizures) is not a particularly convenient indicator. This
monitoring can be done with electrochemical sensors that produce a current proportional
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to the concentration of oxygen surrounding them; their output can be measured and
converted to the partial pressure of oxygen in the breathing loop for control purposes.
Should the sodalime become ineffective – by being used up or just by getting wet –
carbon dioxide will build up in the breathing loop. Although it’s easy to measure CO2
levels in the laboratory, devices that can do the same thing underwater in 100% humidity
and consume little power are not widely available. Carbon dioxide poisoning manifests
itself as headaches, apprehension and confusion, and can result in cardiac arrest (trust me
on this – I’ve experienced all but the last one). Flooding the scrubber is also bad news,
since the ‘caustic cocktail’ produced by wet sodalime can be inhaled with uncomfortable
consequences (been there, done that, too).
The most basic form of rebreather is nothing more than a mouthpiece communicating
with a suitable counterlung via a scrubber, in an in–out–in–out arrangement. So long as the
circuit is purged of nitrogen and the diver goes no deeper than 6 metres, pure oxygen can
be used without any form of electronic monitoring. An advantage of an oxygen rebreather
is that no exhaust bubbles are produced. This feature led to the adoption of such devices by
the Italian navy in the World War II; their users caused great consternation to Allied forces
by sneaking up undetected on warships and placing limpet mines on them. But then the
British copied them – and after hostilities ceased, the fledgling Cave Diving Group managed
to buy some sets of war surplus diving apparatus and used them to explore underwater
caves. But by the 1960s, open circuit scuba gear had proved to be more versatile and easier
to use, so this technology fell out of favour with British cave divers.
But then in the 1990s, spurred on by the desire to dive further and deeper, the cave diving
community started looking at closed circuit rebreathers again. The American cave explorer
Dr Bill Stone had realised the limitations of off-the-shelf diving gear and had developed his
own highly sophisticated family of computer-controlled rebreathers, culminating in the
Cis-Lunar Mk-5. An earlier unit, the Mk-4, had been used by Bill and his team for the 1994
Huautla expedition; Ian Rolland had been wearing one of these when he died. Rick Stanton
had been on that trip and had subsequently taken part in the 1998 Wakulla Springs Project,
where he had acquired a lot of useful experience. I became infected by the rebreather bug
after Rick had brought one of his homemade units to a swimming pool in Derby and let me
have a go on it. I wanted one for myself!
The easiest way to start was to build a simple pendulum-style oxygen rebreathers, as
described above. This would be limited to shallow water diving, but would also be useful for
decompression. A problem particular to this type of rebreather is that the pipe between the
mouthpiece and the scrubber is not cleansed of carbon dioxide. But by modifying a BC power
inflator with a bayonet on/off switch, I could use this as a mouthpiece and also add oxygen
ahead of the dead space, thus sweeping any carbon dioxide back into the scrubber. The design
was hardly original, but it was surprisingly effective. Since I only ever dived in caves or mines,
I did most of the testing underground. A steep learning curve awaited me …
Back at our HQ near Peacock Springs, I made some modifications; I pressed a spare
ABLJ into service as a counterlung, and fastened the scrubber to it. This time, trials in
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the head pool of Peacock Springs under the watchful eye of the Park Ranger were more
successful. A couple of days later, the P1SS (as it became known) was moored in the
entrance to Manatee Springs while I scootered a mile into the cave and back. This was the
first serious trial of the device as a decompression tool. On reaching the rebreather, I had
to figure out a way of breathing from it without flooding it: I achieved this by opening the
inverted mouthpiece while injecting oxygen and putting the bubbling end between my lips.
This worked very well. But then I made the mistake of trying to put the ABLJ over my head,
dislodging my mask and nearly drowning.
I carried out subsequent trials at Wayne’s World, and then at Round Sink near Tampa.
This time everything went to plan, and I learned that it was easier to stick my arm through
the head opening of the ABLJ and carry the rebreather over my shoulder. Back in the UK,
I used the P1SS for some short, shallow cave dives in the Yorkshire Dales and at Wookey
Hole, keeping an eye on my depth to make sure that I strayed no deeper than 6 metres.
The rebreather could also be used as a flotation device, by having more oxygen in the
counterlung than was required to breathe. This feature came in handy when Gary Jones, a
recent recruit to cave diving, Laura Trowbridge and I did a through trip from Old Ing Cave
to Birkwirth Cave in Ribblesdale, North Yorkshire. The sumps there are not long or deep,
so I decided to use my toy while the others used conventional open circuit gear. Laura
surfaced into the deep canal at the end of Birkwirth Cave, over-weighted and minus a fin
and a wellington boot … and started to sink … Unlike our open-water counterparts, cave
divers do not have quick-release diving weights as the consequences of losing weights and
thus being trapped on the cave roof outweigh the advantages of being able to shed them
quickly. So I rapidly injected oxygen into my rebreather, fully inflating the counterlung and
thus creating extra buoyancy, then grabbed Laura and towed her to safety.
The P1SS’s next outing was in early May 2002,
a ten-day excursion to the Lot and Dordogne areas of France. A 3-litre cylinder of oxygen and
a few changes of sodalime lasted me the entire
trip! I used the rebreather mainly for decompression stops at 6 metres, although I did also make a
500-metre cave penetration solely on closed circuit; I also carried an adequate open-circuit bailout, which included fitting a second stage to the
oxygen cylinder driving the rebreather.
Back home, I needed somewhere to play
with my toys; a place unaffected by the weather
and with lots of underwater passages to explore.
To the north of Birmingham around Walsall and
Dudley is an area of limestone, devoid of caves,
that was once mined to provide lime for steelmakDuncan and P1SS rebreather at
ing and agriculture. Linley Caverns Limestone
Linley Caverns (Pete Mulholland)
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Mine is one such site, unworked since the 1930s and now flooded. During World War II,
its upper levels had been drained and reinforced, with the intention of housing munitions
away from the attentions of the Luftwaffe. However the mine could not be made safe as an
underground bomb depot, so the weapons were kept on the surface. After the war, the site
fell into disuse, and it eventually filled with water again.

Rick Stanton watches Clive Westlake enlarge the entrance to Linley Caverns (Duncan Price)
The Linley Caverns had received no attention from cave divers until Jim Lister and
Clive Westlake, both experienced cave divers from the Derbyshire Section of the CDG, took
an interest in the site. Underwater, the visibility was exceptional and the mine workings
were developed on a pillar and stall network with many large open spaces up to 15 metres
across and 10 metres high. The entrance was a small hole opening out into the workings,
which were situated in woodland alongside a container depot. In office hours, there was
often a burger bar in attendance. It was an ideal training site, especially as I was living
near Loughborough at the time and it was close enough to go for a dive after work (or,
sometimes, instead of work).
I became involved in exploration of this maze at the beginning of January 2002, when
I was invited along for a tourist dive to the end of the Western Line. This was a route that
headed deep into the mine. The team had also explored the upper level to the north, where
the munitions were to be stored. Weird, calcified fungal growths from buried timber stuck up
out of the floor like stalagmites, and there were signs on the walls dating from its wartime use.
On my first visit I reached the end of the westerly route and even managed to lay out the rest
of the line on the reel which had been left there. My explorations continued beyond this point
to a blank wall, where a small opening (The Hole in the Wall), less than a metre square, with a
wooden prop to support the roof, gave way to what was obviously a different mine.
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A friend at the British Geological Survey gave me plans of the workings from the records
of a contractor who had carried out a survey of the area; part of the road leading to the
mine had recently collapsed. The documents presented me with an intriguing possibility:
it should be possible to dive in a big loop from this new mine north into a third mine, west
into another mine and then back to the entrance. With the approval of the original team of
divers, I started working towards this goal.
After a couple of false starts, I found my bearings and started going northwards along
a series of workings that I called the Deep Northern Line. I already had a map of the mine
and was able to navigate by dead reckoning through the maze. I made zigzag progress in
the right direction to a substantial collapse at a depth of 30 metres. In trying to go over this,
I made a very frightening ascent though the boulder chaos to a depth of 20 metres, before
deciding that a better option would be to go to the west, skirting around the unstable area.
But I saw that this would have taken me deeper, so would have involved using mixed gases
to minimise the effects of narcosis; it would also add to the decompression penalty that I
would accrue. So I decided to put the project to one side.
My interest was rekindled when I learned that another pair of divers from the Derbyshire
section of the CDG, Marcus Crabbe and Colin Hayward, had explored the shallow northerly
trending tunnel into the original East Anglian Cement Company workings. They had
followed the levels that had been modified during the war, which we called the Munitions
Tunnels. At their furthest point they’d found the main adit entrance blocked with big steel
bombproof doors, and had followed the line of a railway track westwards, to a depth of
20 metres. This was the limit of their equipment and experience.
In the meantime, I’d perfected a lightweight fully closed circuit rebreather, using
components sourced from an East German tank escape rebreather and the contents of
the plumbing department of my nearest DIY store. Again, I employed an ABLJ as the
counterlung, but this time I’d fitted the scrubber with a couple of oxygen sensors whose
output was displayed on a pair of butchered voltmeters enclosed in a waterproof box. The
development of the R1P (as I dubbed it) was accompanied by an exciting episode; while
testing it at Pwll-y-Cwm I’d inadvertently breathed pure oxygen at 15 metres depth and
experienced the preliminary symptoms of oxygen poisoning.
At the end of June 2002, Rick Stanton and I swam up the Munitions Tunnels and
headed west, following Marcus and Colin’s line. We both wore our homemade rebreathers,
allowing us to extend their line for 200 metres due west to a depth of 30 metres. The dive
was not without incident: at one point my fins caught the line and I pulled an abandoned
crane over. Rick was behind me and saw this happen in slow motion as the toppling frame
narrowly missed me. We managed to find our way out of the heavily reinforced workings (a
relic of the mine’s proposed wartime role) into a more cave-like environment (i.e. devoid of
concrete, brick and ironwork) (see colour section).
Rick and I having made significant progress towards joining up the loop, I paid it
another visit the following weekend, this time with Tim Morgan and John Volanthen. John
and I set off to the end of the Deep Northern Line on scooters. Here, I laid out the rest of the
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line on the existing reel (on open circuit). Leaving a fresh reel tied on at the end, I turned
around and let John continue, using his rebreather. He went only a little further, though,
before heading out, owing to uncertainty over his decompression obligations; his main dive
computer had not turned on and he was using his backup. The depth at the end was now
approaching 45 metres. Meanwhile, Tim swam north up the Munitions Tunnel, then west
to the end of the Cement Works Line, and added another 100 metres of line to a depth of
40 metres.
Ten days later, John and I went back for a midweek evening dive. John scootered to the
end of the Deep Northern Line and continued north, laying line until the reel was empty.
Adding a fresh reel, he continued to head in the same direction to a depth of 55 metres,
where the floor of the mine was covered in a white mung of rotting timbers. With no tieoffs, John wound himself back to the previously dumped reel. Meanwhile, I scootered to
Tim’s limit on the Cement Works Line and tied on a fresh reel, but I’d put far too much line
on the reel and it kept jamming as I swam along. The depth and level of narcosis (I was
breathing air) didn’t help matters. After several worrying moments, I eventually got the
reel spinning again, and I set off in the right direction. Then, 100 metres from where I had
parked the scooter, I was approaching thirds and about to turn around, when I reached a
T‑junction. Across the passage from me, a familiar orange line ran from left to right, I tied
in to this, and headed back the way I’d come. Meanwhile John returned and discovered
my line. After collecting his scooter from the previous limit less than 20 metres away, John
continued around the circuit, meeting me when I was on my 6-metre decompression stop.
As it was me who’d completed the project of linking up the mines underwater, it was
only right that I should do the circuit. My birthday was a week later and I decided to
celebrate by taking the day off to go diving in Linley Caverns. We hadn’t surveyed the
connection point, and my intention was to rectify this during the trip. From experience,
I knew that I’d have to do something to combat the narcosis levels at depth, so I brewed
up some heliair-30 mix to keep a clearer head, as well as some nitrox to cut down the
decompression time; heliair is a flavour of trimix brewed up by partially filling an empty
diving cylinder with helium and topping it up with air. The advantage of this approach
is that you can check the helium content by measuring the oxygen percentage in the
mixture, and as in the added air there is roughly four times as much nitrogen as oxygen,
it’s quite simple to calculate the balance (that is, the helium). Also, blending heliair doesn’t
require handling high-pressure oxygen (which can be a hazardous procedure). The major
downside of heliair is that it is by definition hypoxic to breathe on the surface, and only
safe to breathe once the partial pressure of oxygen has risen to a suitable level.
At this point, I ought to reiterate that my highest diving qualification outside the Cave
Diving Group was (and at the time of writing still is) BSAC Snorkel Diver. What I knew
about rebreathers and mixed gases was purely based on what I’d learned from the internet
and my friends, or had worked out for myself. Rick Stanton (who has no formal diving
qualifications either) once gave me accelerated onsite tuition in the use of his homemade
rebreather at Linley Caverns before letting me take it for a 400-metre penetration to a depth
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of 40 metres (on my own); his instructions amounted to: ‘Breathe in. Breathe out. Add
gas (oxygen or diluent) as required’. His approach to mixed-gas diving was equally simple:
‘What’s the maximum partial pressure of oxygen you’re prepared to tolerate?’ and ‘How
much helium can you afford?’ Since I had access to free high-purity helium and oxygen
at work, and had bought my own portable air compressor, I was well set up for mixed-gas
diving.
For my birthday, I talked Alec
Wallace into providing some company. It was his first visit to the mine and
he was just planning to take a tour of
the nearer parts for familiarisation.
We took a mountain of kit underground and left a handline by the entrance to aid getting up and down the
muddy slope to the water. Somewhat
overladen – with two side-mounted
Dive base in Linley Caverns (Will Smith)
15-litre tanks of heliair-30, two chestmounted 12-litre tanks (nitrox‑30
and nitrox-40), a scooter and an oxygen rebreather – I set off. Dumping the rebreather at
6 metres depth and about 30 metres from base, I promptly upended and hit the roof feet
first; one of my chest-mounted cylinders had pressed on my drysuit inflator and filled it
with air. Sorting myself out, I dropped back to the floor, fortunately directly onto the line.
Regaining my composure, I adjusted my trim and headed west to the Hole in the Wall,
breathing from my tank of nitrox-40.
With all my gear on, it was a struggle to get though the gap. Turning sideways, I gingerly
scraped past the wooden prop (wondering about its integrity) and spotted a pickaxe on a
rock shelf nearby. Without time to collect it as a trophy, I dropped down to 30 metres and
changed onto my other nitrox cylinder, since the one I was breathing was too rich in oxygen
for this depth. Taking the turning to the Deep Northern Line, I was on autopilot as far as the
collapse. This was the end of the survey, and I’d planned to collect more data on my traverse.
But then I decided that this chore would spoil my birthday treat, and the survey work could
wait until another time.
I switched to the heliair for the deep section ahead. With a clearer head, I was able to
appreciate the layout of the mine and the route we’d taken around the collapse; soon I was at
the connection point from the previous dive and back into familiar territory. As the depth
lessened, I switched back to the 30% and then 40% nitrox mixes in order to flush the helium
from my bloodstream.
Motoring down the Munitions Line, I spotted Alec coming in the opposite direction.
He had been as far as the Hole in the Wall and was now off-gassing along this tunnel at a
depth of 9 metres. I stopped and handed him my scooter to play with, as I was just about
to start my own decompression stops. But without the scooter I was now very buoyant, and
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made another unplanned ascent into the roof – above my stop depth. My dive computer
bleeped at me angrily as I grabbed at the wall. At least I was the right way up this time, and
I was able to vent my suit before I knocked myself out on the ceiling.
Reaching my rebreather after an absence of nearly an hour, I switched its oxygen
supply on, purged it and started breathing from it. Checking my dive computer, I
recalculated my decompression schedule. I did not own a fancy mixed-gas dive computer,
but Rick Stanton had taught me some useful rules of thumb; essentially I treated the dive
as one done purely on air (the nitrox I breathed when I was shallow counteracting the
heliair I breathed when I was deep) and then did half of the total time of the remaining
decompression stops shown by my air computer on pure oxygen at 6 metres. Alec came
by on my scooter. I indicated that I was OK and asked him to take the scooter out to save
me the effort. I surfaced 20 minutes later. There was no sign of Alec – and no handline
out of the mine, either.
I rested by the water’s edge until Alec returned and I asked him to take a photo of
me surrounded by lots of equipment (which he did with his finger over the flash). We
dragged some of my gear out, and I went back to my car to change out of my drysuit
before returning for the rest of the kit. On the way back to the mine entrance, we came
across a couple of kids and their father with our rope. They gave it back – they’d thought
it had been abandoned – and this made it much easier for us to recover the remainder of
equipment.

Moving gear in Linley Caverns (Duncan Price)
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Having established a big circuit around the mine network, I felt duty bound to survey
it accurately underwater. Since we already had a plan of the workings, a simple stick map of
the line layout would suffice; this is just a matter of noting the distances between changes
of direction of the line (which usually occur where the line is tied off to something) and
the depth and bearing of the line at these points. But in our enthusiasm for completing
the loop, we’d committed the cardinal sin of using an unmarked guideline in some places.
Whereas most of the guideline had tags at 5-metre increments, used to estimate distance, a
large section of it in the deeper part of the mine was just an unmarked length of parachute
cord marking the route. So in order to map it accurately, we made several dives to replace
our original exploration line with something more substantial and better labelled.
This task kept me out of mischief for the best part of a year, until I received a phone call
from Walsall Council asking me to attend their offices for a meeting with the Police and
Military on 11 June 2003. Dressed in jackets and ties, Clive Westlake and I turned up at the
headquarters of Walsall Borough Council Engineering Division, to be met by a couple of
their engineers, two uniformed police officers and a major from the bomb disposal squad.
It turned out that the police had received information that quantities of World War II
ammunition had been stored in the mines and had been removed over a number of years
by some of the locals. An EOD team had been called in to search the site by foot and dinghy.
But they had found nothing, and they found further progress into the mine impossible, as
it was underwater.
Despite our initial concerns, the meeting turned out to be very cordial, as Clive and I
had come well-prepared with our maps of the workings showing the areas we’d explored.
We were also able to show them extracts from a book on World War II underground
facilities that mentioned the history of Linley Caverns. This confirmed that despite a local
myth having grown up that the workings had been – and might still be – full of munitions,
the store had never actually become operational, owing to the instability of the rock and
the need to pump water out. As a result, the meeting agreed that there had never been any
ammunition stored underground and that there was no record of abandoned unexploded
bombs in the area. Notwithstanding this, the major showed us some Home Guard-type
improvised devices that we should be on the lookout for, and advised us to report anything
suspicious to the police. It turned out that the authorities had been well aware of our
activities all the time, via the internet.
Having defused a tricky situation the police and military left, and we settled down for
a chat with the engineers to discuss proposed remedial works to a collapse on one of the
roads leading to site. A hole had appeared in Bosty Lane above part of the mine workings,
and the highway had been closed. This was particularly inconvenient, as the road served
the industrial estate alongside the mine, and heavy traffic had been rerouted through a
residential area. Pilot borings had been made into the workings to investigate, and our
information about what was below the affected area was invaluable in confirming their
findings. The council intended to pump gravel down boreholes from the surface into the
mine in order to create dams across the passages. Cement grouting would then be injected
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into the enclosed area so created, in order to stabilise it. Unfortunately the work would
effectively seal off the area around the Hole in the Wall connecting to Daw End Bridge Mine
and Phoenix Pit that we had explored over the past 18 months, although other parts of the
workings would not be adversely affected.
With the news that we would lose access to a significant part of the mine complex, it was
important for us to finish charting this area. Already the visibility was being destroyed by
a fine rain of cement dust that had started entering the mine. Even after the water cleared,
the floor of the mine in the vicinity of the boreholes was turned into a moonscape of white
particulate, which buried our diving lines. The East Anglian Cement Company workings
remained clear, however, and I made good use of another one of my homemade rebreathers
to complete the mapping project. For this I used my side-mounted rebreather, dubbed the
D5 or Doctor Duncan’s Dodgy Diving Device. It’s debatable whether my time and money
would have been better spent getting the appropriate training and qualifications to buy a
commercially available rebreather, but sometimes the journey is more important than the
destination.
Access to the mine became problematic once more in 2006, when the owner of the
woodland containing the mine entrances passed away; the area was inherited by his
daughters, who became increasingly belligerent towards anyone using the woods for
recreational purposes. This is a pity, because the area is a rare resource in an otherwise
urban environment. Despite our attempts to negotiate access, the new owners remained
intransigent, and the woodland was eventually put up for sale. From a legal point of
view, the landowners have obligations under the Mines and Quarries act 1954 to secure
abandoned and disused mines and quarries. Consequently, a security fence was erected
around the perimeter in 2013 in an effort to keep people out. For me, the new situation was
a moot point, since I had moved away from the area at the end of 2006, but it’s a shame that
this interesting mine is no longer open to visits by cave divers. Several other flooded stone
mines in the UK may still, with the cooperation of the landowner, be visited by cave divers,
and they make excellent training sites. The large circuit which we had spent time exploring
was 1.4 kilometres long, and over 3 kilometres of flooded galleries have been entered and
surveyed. Plenty more remains to be explored and recorded.
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