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There at least two principal reasons why people go underwater, they are: to work
and to enjoy not working. |In nost cases where diving is undertaken in conjunction
wi th other interests, as in marine bi ol ogy or archaeol ogy, the amat eur di ver probably
wor ks as hard as t he professional, soit is hopedthat some quite general observations
on the cost of power underwater will be of value to those nmain diving interests.

Power i s inportant because any activity, evenif it isonly novingfromplacetoplace,
consunmes it. One can | ook further and try to conpare various systens fromthe point
of view of cost effectiveness of avail able power, but any attenpt to conpare all
feasi bl e vari ati ons of the avail abl e syst ens woul d obvi ously be i npossibleinabrief
paper. Therefore, in order to showthe wi de range of costs of useabl e power, | have
chosen nine highly stylised and representative operational diving systens for usto
consider. In these exanples, except where it is shown that the power source is
actually a part of the whole system | have assuned in the first case that only the
power output of the diver hinself is available.

O course, there are pneumatic, hydraulic and el ectrically powered tools avail abl e
for use by divers and, to power such tools, equally autononous power packs for
depl oynent on t he sea bed, but if the source of power is at the surface, power | osses
i ncrease wi t h dept h of operation, and handl i ng | ong hose assenbl i es becones extrenely
difficult. Power packs solve this probl embut i npose other restrictions onthe diving
system Cenerally, the diver uses hand tools of the types devel oped for surface use
but nodi fiedtothese special conditions, and hei s capabl e of a sustai ned power out put
of about a quarter of a horse-power (probably even only a half of that, but in order
to be generous and to cater for the vast differences in conditions to be net, | have
in fact chosen a quarter of a horsepower.)

The sinplest way to dive is always avail able and requires no equipnent. One only
has to swimto the desired place, take a breath and swi mdown. Sinple refinenments
such as a mask and fins can be added, and a snall boat adds to ones confort and
efficiency. This nethod has been exploited to about the human physiological linmts
by pearl| divers who are reputed to work down to about 45 netres, and by Japanese Amas
who, working in shallower waters, achi eve 60 to 90 di ves per day. They are paid very
little, and if one takes these wonen divers as an exanple in their diving system
t he cost per horsepower hour of their tinme onthe bottomworks out at about five pounds
Sterling.

The next sinpl est formof divingis that of wearing an aqual ung and m nor accessori es.
The range of equi prent that coul d be i ncl uded wi t h aqual ung di vi ng, and the resul ting
variation in cost, is so great that only the basic case is considered here. Except
in the previous exanple of pearl divers in which the cost of a boat was included,
the cal cul ations for this and subsequent exanpl es of diving systens do not include
a boat or ship, but support ships are included in subnersible operations later. 1In
this case | have assumed a minimal sem -professional team working a six to eight
hour day at a depth of about 10 netres. Wth a somewhat doubtful continuous power
out put of about a quarter of a horsepower, the cost per horsepower hour is about ten
pounds Sterling.
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Standard diving needs little introductionand little qualification except to remark
that its main use today is in cold or polluted waters where | ong hours of heavy work
are required. Aninimal teamis once nore considered and with it a | ong working day
i n wat er no deeper than about 10 netres. Inthis case the cost i s about twenty pounds
Sterling per horsepower hour.

The techni que of supplying the diver with m xed gases - either oxy/nitrogen or oxy/
hel i um- fromsurface dermand di vi ng equi pnent i s wel | -known, and t he advant ages ar e,
in general terns, increased tine on the bottomor shorter deconpression schedul es
conpared wi th when conpressed air is used.

At greater depths - say, down to 80 netres - a nmuch | arger surface support teamthan
in the earlier exanples will be required. The system denands a hi gh standard of
operational procedure: reliability of equipment, advanced diver training and
sonet hing nore than the minimal team Therefore as depthis increased, conveniently
short deconpression schedul es necessitate a reduction in bottomtinme: repetitive
di ves and nore divers are required for reasonable work outputs to be sustained. |
am assum ng the teamand equi pment necessary to achi eve one hour’s bottomtime per
day for a nunber of bounce dives to about 80 netres. The cost per horsepower hour
wi | | be about 1, 200 pounds Sterling, but this is obviously greatly influenced by the
exact systemused. This is extrenely expensive in terns of horsepower hour, and no
doubt a nore econom cal systemcoul d be devi sed, but | have chosen to exaggerate yet
remain within the bounds of possibility in order to accentuate the point of this
exanpl e.

Agai n consi dering bounce diving to 80 nmetres with a total bottomtinme of one hour
per day, if one dispenses with the SDDE systemand i nstead supplies the diver with
a fully nobile power source for his hand tools via a diver transport vehicle with
aut ononous breat hi ng equi prent, a dramatic change in the cal cul ations i s possible.
I f one assunes exactly the same basic costs per day per diving team and equi pnent
and an added cost of 47 pounds Sterling per day for a diver transport vehicl e which,
by the way, allows for a capital cost of 10,000 pounds Sterling anorti sed over about
ei ght years, and 2,000 pounds Sterling per battery pack - with 50 cycles life in a
battery pack of solar zinc cells - then the cost per horsepower hour can be reduced
by a factor of eight on the previ ous one, which produces a final figure of 150 pounds
Sterling per horsepower hour.

The arnoured di ving suit provides a special and interesting case: the diver remains
at atnospheric pressure withinthe suit, with the result that the equi prent and team
can be depl oyed, and if necessary returned fromthe divingsite, very quickly. Little
support equi prment is required other than a neans of raising and | owering the suit,

al t hough operations i n wat er approachi ngits maxi numrat ed depth may wel | necessitate
gui dance systens to the work site. The npbst interesting aspect of this systemis
t he speed of depl oynent and possi bl e rat es of descent and ascent wi t h no deconpr essi on
times, with the result that a small teamcan achi eve a si x-hour working day on the
bottomand i f one assunes that only di ver power is avail abl e, the cost woul d be about

300 pounds Sterling per horsepower hour.

Saturation diving is the nost advanced, conpl ex and expensi ve di vi ng systemin t hese

exanpl es. The great range of costs for such systens is dependent on the depth of
operation, the anount of underwater work required per day and hence t he size of the
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team For this exanplel have assuned that the requirenent i s for asustained presence
at the diving site - which could well be a production platformin an offshore oi

field- and sonet hi ng approachi ng a round-t he-cl ock di vi ng schedul e i n dept hs of about
260 netres. | accept “round-the-clock” as meani ng about two two-hour sorties from
t he chanmber conpl ex each day. | have al so assunmed that no powered tools are being
used and so we only have the power output of the divers thenselves to consider. In
this case, a cost of about 2,000 pounds Sterling per horsepower hour woul d be the
average. It coul d obviously be considerably nore; it could al so be considerably | ess.

A diver | ock-out subnersible provides a unique feature to diving operations: only
in this case can the diving supervisor, stand-by diver and working diver be within
a few feet of each other during a deep dive. The diving control centre is on the
bott omi n a subnersi bl e and, wi t h a good di ver to supervi se conmuni cati ons, work pl ans
can be nodified during the dive and t he systembecones very flexi ble. The diver can
be noved fromsite to site quickly and easily, but the greatest advantage is that
power i s avail able where it is required. One can assune that at | east half the energy
in the subnmersible’'s batteries is available for useful work, certainly in depths
equi val ent to those in the previ ous exanpl e - about 280 netres - and, theoretically,
to the maxi mum operating depth of the subnersible which is about 366 netres. The
subnersi bl e can therefore performwork at a nuch higher rate than even the divers
supplied with power tools. ldeally, if tw divers work together froma Perry Pcl5
di ver conbinati on maki ng one sortie per day, there would be a total of about 36
hor sepower hours on demand. At current quoted charter rates this produces a figure
of about 128 pounds Sterling per horsepower hour

Wth the subnersible alone divers are not involved and, although this nmakes an
exceptionto the general thene of this paper, it isjustifiedbecause, without divers
- as with the arnoured diving suits - the physiol ogical problens are renoved, and
even greater flexibility of operation is achieved. |f we consider the Pisces |, Il
and I'l'l fam |y of submersi bl es, withdepthranges downto 1097 netres and 28 hor sepower
hours of stored energy available for work and an equal quantity for propulsion,
manoeuvring and hotel l[oad, a 122 pounds Sterling per horsepower hour, the cost is
| ess than for a diver |ockout subnersible system

I n concl usi on, one nust renmenber that the purpose of this necessarily brief review
of diving and subnersi bl e cost effectiveness is only to consider the price paid for
hor sepower hours of work at the site on the seabed. It can be seen that with the
nor e sophi sticated or heavy systens t he area over which the diver can work i s usual |y
quite limted, either by considerations of safety or tolerable unbilical |ength,
whereas, due tothe sinmplicity of the system the free aqual ung di ver can nove about
at will and in safety, as long as he renmains in shallow water.

Usi ng a di ver transport vehicl e i ncreases the bottomarea over whi ch a di ver can nove;
the armoured diving suit can be wal ked around a work site, but if even relatively
short di stances need to be covered it is probably nore economical to nove the parent
craft and to re-deploy the suit. The subnersibles have far greater range, but it
i s assuned that they woul d nmove no further fromthe parent craft than the linit of
t hei r underwater conmuni cations system which is up to 2,000 netres.
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Lately, although it has been shown t hat submersi bl e systens are very cost effective
interms of power output, there are other equally inportant factors to consider if
an appropriate systemis to be chosen for a particular task. The dexterity of the
diver is of greater value, as was shown in the filmthat Henri Del auze showed you
yest erday; obviously the di ver was noving around in a very restricted area, clinbing
around on a BOP stack, inserting hinself in confined spaces and using his hands;
exam ning closely arelatively inaccessibletask. Thus, it is evident fromthe great
vari ety of types of work and the differences in conditions surrounding t hese tasks,
that every system so far successfully developed will continue to be needed.

THE COST OF PONER UNDERWATER

Cost Dept h Radi us
/ HP/ HR netres netres *
Br eat hhol d di vi ng 5 10 3
SCUBA 10 10 50
Standard Diving Rig 20 10 10
Sur face Demand (m xed gases) 1200 80 10
Di ver transport vehicles (autononous) 150 80 100
Arrmoured Diving Suit 300 300 10
Saturation Diving 2000 280 10
Di ver Lockout Subnersible 128 280 2000
Subrer si bl e 122 1097 2000
* Radi us of operationis|limtedby endurance or tethers, or for boats, by normnal

range of ship conmuni cati ons.

* * *x * * * % %
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