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Section 1

INTRCDUCTICH

The Imperiel College Sub-Aqua Club organised a team of twelve
divers to perform a group of experiments off the coast of Nalta
for six weeks in the summer of 1972.

The . team consisted of divers all belonging to the Sub-Agua
Club who had in most cases been totally trained within the club.
The expedition members are listed at the end of this section.

The planning of the expedition commenced in 1371 and the
exact structure of the worx to be performed toox many months 1o
finalise.

Qur selection of experiments was based on the experience
istlnD within our u1v1u5 club and on the known requliem@nt of
sucr rganisations as the Gatty Marine Laboratories. Once our
work bad been estavlished the choice of a suitable diving site
was narrowed considerably and although there was some reiluctance
to organise yet another expedition to lealta, the facilities and
sea conditions around lalta could not be bettered without imposing
greatly increased expenditure.

ch experiments performed during our visit to RKalta are
descrioed in detail in the following gections.

However, I have descrloed belol an abbreviated -program of
our work.

i e o

All the basic diving and experimental equipnent required
for the expedition was drﬂvcn to ¥alta only a short time ahead
of the continzency of divers who flew Ifrom Gatwick Airport.

We were bssed in two flats in St. Julians. This area was
chosen because of its convenience in relation to the University
and because our work would be carried out in as many different
parts of the island &s possible and S$%t. Juliizns is reasonavly
gentrally place

ng the team %o : i
. The main delay i
hed i%s whereapouts

my

The first few dags were spent acel
__he pew conditions =nd in sorting our eguij
being the air compressor. QOnce we had esta e
and obtained permicsion Irom the local custod s to use it, we
then had to spend some time making it serviceable. Continuous
difficulties were experienced with this machine throughoit our

tay.

Once the preparatory worx was complete the first 2 to 3 weeks
of diving were mainly associated with the Posidonia experiment.
However, during the eveningz and non diving part of the day mucnh
time was sg nt preparing our experimental equipment for the
surveying experiment.

The Posidonia experiment split into two areas. The first
being the coxl ction of samples far analysis, thls work was
carried ou kroa out our visit as new *‘Vlnb cites were visited.
The second part “‘Wul“ d some prell iinary experiments to estaoiish
the optimum method to be used t0o locate dna tag plants to enable
their growth to be measured

over periods of years. Agein, once



a suitaeble techinique had been established the work was performed
on individual days during our stay. Iuch discomfort and not a
little unrest waa aroused by this work as it involved laying face
down in & mass of Posidona for longz periods of time while e&ther
tags were fixed or samples extracted. The majority of divers
said they experienced a sitinging sensation much like a nettle

and some of our team had guite severe rashes. Also the ever
_present threat of sea urchins forced us 1o treat our work with
extreme care.

Apart from the problem with sea life we also experienced
problems with the sea. Towards the end of our visit we had
several days where the swell was so severe that our work was
made extremely difficult and one days work had to be COWDletcl
cancelled. However, despite all these inconveniences, 5CC pldnus
were tagged and it is hoped that trhis will greatly 3581Q+ in the
understanding of ¢ sea grass Posidonia and possioly in our
undéerstanding of the balance of nature in the Mediterranean.

The last 2 or 3 weexs of our visit were mainly spent working
~n the surveying e periment. This work requiring both divers and
_Jorklers and a we organised thore party mede it necessary for
our diving to be cenired on one pa rticuler cite. As with previous
expeditions we could not improve on the Yarfa Quay area &nd SO we
erected a pernm enept site there for the last 2 weeks This con-
sisted of a Geodetic dome that had been designed as 2 third year
project by students in the Civil Engineering epart*ent. It
acted as 2 ske;ter for all our eguipment and two members of cur
party reualred ithh the eguipment overnight. This task was much
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detested bec e of both the quantity znd violence of the local
insect popul

The expedition members returned to =
ashion ae tacy aryived, except that som
perienced in Rome wecquﬂe of fog delay
rom i'aita. The trarsit van returned s

¢ in the seame
icultiecs were
¢ flizht departure
mperial College.
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Section 2
POSIDONIA PROJECT

Mises J. Farradane
Mr. A. Gardner

The ‘plant Posidonia has been found to grow in large under-
water meadows, that are extremely abundant throughout the
Mediterranean, forming & focal point for sea life and a vital
link in the Vediterranean marine cycle. As a resuit of their
ecological importance the density and distribution of such
meadows have been extensively researched around MNalta and to
& lesser degree at other sites in the lMediterranean, by
Dr. E. Drew of the Gatty L aboratories and his associates.

A sketch of the plant is shown in Fig.l. The leaves are
up to 1 metre long and 1 em wide and grow out from the rhizome.
New leaves form at the base and in the middle of the existing
leaves and the old lesves die and bresex off. The leaf bases,
“hat remesin, decay to leave a fibrous coat to the rhizome.

—xoots grow out of the rhizome and interweave to form a solid
base to the meadow The plants will grow on almost any sub-

strate and it was Jher growth rate that we were primarily
investigating.

The worx split intoc two main sections, the first and
gmaller being an extension of a study instigated by *he Gatt
Varine Laboratories using a random sam.le technigue to study
the composition of the meado (S The second was to investi-
gate the methods for tagging tke plant so that it could be
located and its gronth measured. Once a method had evolved a

sample run waeg to ve performed tnat would then be monitored
in future years.

Y

o

Part 1

This work was carried cut as part of a continous program
to establish the nature and growth rates of the submarine plant
vogidonia by & random sampling technique. <The aim was to0 taxe
~-samples of the Posidonia meadows so as to gain information on
the type and number of leaves and shoots and the amount of
other sea life.

We used a rigid weighed wooden quedrat (50cm sides and
an area of % square metreq) to delimit the area of meadow to
be cropped. We used écm mesh carrot sacks to put the crop in
and gloves to protect our hands whilst collecting.

Having selected our meadow, we deposited the quadrat on
& typical part and arranged the Posgidonia leaves so that it
sank to the bottom all round. As it was easy to loose tihe
quadrat we attached a float on a short length of cord to 1t.
Cur diver would then pull up all the Posidonia shoots, taxing
gafre Yo take hold of the rhigome top rEther than pulliing the
shoots off. The second diver had to place all the rhizomes
and leaves in the bag for subsegquent sorting. Any other items
that. were found were also included, this usually meant sea
urchins.

Page 1.




The sacks were then left to dry in the sun and then sorted
and tabulated. ‘The instructions below are sn exact copy of
those given to us by the uyatty Marine Laboratories. The only
differerce being that we used & 5% not 10;: sample.

Analysinz the Samples: The following procedurc is as stated by the
Gatty Marine Laboratories.

Keep the samples in the shade until you are ready to deal
with them; they will start to smell badly after about 24 hours!
Take care not to get samples from different depths mixed up at
any time; if you think you might have, tell us.

1. Count the number of shoots, that ig discrete groups of leaves
at the top of & rhizome, by breaking each one off the rhizome

and arranging them in groups of ten shoots. Then take one shoot
from each group; this gives you a random 105 sample for further
analysis and also an easy way to count them &llll

2, put all the shoots except the selected 1C% in the sack,
gspread thinly, and place in the sun to dry, weighted with a
stone if it is windy. Make sure they are still labelled.

e Xeep the selected shoots in & demp c¢loth or bucket of water
end take them one st a time to separate the individual leaves.
Record the number of leaves, and then measure each ons for:-
width at base of green part, entire length, length of basal
wnite part and length of healthy green part omitting the brown
moribund extremity. ‘/hen measured, these leaves can be added

to the sack.

4. From your heap of discarded rhizomes select six which were
growing vertically - their. shoots grew straight out of the top.
gnd six in which the shoot had grown &t right angles to the
rhizome - the horizontal ones. Dry these also, and throw the
other rhizomes back in the sea.

O, When the leaves and rhizome samples are really dry ({(turn

them over several times to ensure this), pack them in the bags

provided snd enclosg the relevant record sheet with each sample
~1n a brown paper parcel and send to the Gatty Yarine Laboratories.

The data coliected is given in the sample sheets P24/1
to P24/6. Details about Site Location, Date etc. is given
in Teble 1. This information was sent to the Gatty iarine
Laboratories and collated with previous studies and the sample
shoots were likewise studied by their s«illed staff. The
results of all this work are held by the uvatby Laboratories.

Page 2.
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TABLE 1

RECORD SHEET

QUADRAT ARFA 0.25m”

P

SIDE o0m
: AVPLE DEPTH TOTAL No. OF
DATE SERIAL LOCALITY IN No. OF | SEA
NUM3ER YETRES | SHOOTS | URCHINS
10/8/72 | P24/1 | MARFA QUAY 8-10m - 258 2

12/8/72

MISTRA BAY

153

15/8/72

BELNGHISA POINT

|

117

l4/8/72

RN SIS

QUARA POINT

60

19/8/72

WIED-12-ZURRIEQ

113

20/8/72

DELINMARA POIENT

63
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A Study of the Techniques to Feasure the Growth

rate of Pogidonia

Part 2

I Introduction

Part 1 describes the work we performed as a continuation
of some studies to collect information on the sea plant Posidonia.
However the resultse are of limited vaiue. They lack precise
information on the growth rate of the plant leaves and how this
rate is affected by such variables as depth, bottom type, current,
temperature, to mention a few. We realised that to obtain thie
sort of information a precise experimental technigue nad to be
evolved and that, following that stage, a long term study had to
be undertaken. Ve felt that we could play an important role in
the first part of this work. We therefowre went to lalta with the
aim of trying several different techniques and attempiting to
evaluate and optimise the exact experimental method so that
future workers had suitable guidelines to follow.

2 The Problems

The areag to be studied broke into two main sections: -~

() The accurate location of the test site underwater
from the land, and

(b) The mzthod of locating the plants under test and
measurinz the growth of any new leaves.

This was workinzg on the assumption of a study where
individual plants woulQ be marked one year and re-located in
subsequent years to measure the growth of new leaves,

2.1 Site Location

To accurately locate a test site underwater, repeatedly,
from year to year, by different divers, regquires a system that
is Dboth simple to use and of reasocnable accuracy. To start,
tnere muct be some referesce point or points on land. From
these refereance peints it must be possible to locate a site up
to several hnundred yards out to sea. As many of the sites are
remote and in many cases the land is very rugged, the equipment
must be rugzgedised and the quantity must be minimised. To
mazamise the use of reference points more than one test site
gshould be associated with each. Tach test site will consist
of a group of :points with some forwm of marcers. The optimum
gize of the site is considered to be O metres in which up to
12 tags can be spaced and will be marxed by 3 small marxers
that can be easily fouled. This does mean that the accuracy
of eite location should be better than 5 metres.

ng
water but when hig efiiciency iscompared with a man doing the
same Jjod on land he comes a very poor second. It is also true
that a diver swimning on the surfece of the water, unless the
conditions are extremely favourable, is less efficient and in-
many cases in zreater dangers than a diver working on the sea
bed. This means that the diver's workx must be minimised anc
all aids for his work must be employed. '/ith this in mind,

The diver is capable of perforninz many functions under-
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& technigue has to be evolved to locate the diver near the test
gite.

[4a]

The water in the Mediterranean is usually very clear and in
most casegs the-sce bodttom ca&n be viewed from the surface if the

depth is not too zZrest, (20 metres}. Ve aimed for safety sake to
limit most of our working dives to be leses than 20 metresg (we did
attempt one t%sz site at 3C metres). Under normal conditions this
would mean that a test site would be visivle or at least formation
of sand rock or seaweed can be identified from the surface. It

S

wag unfortunate that during our stay in lalta the weather wa
very poor &nd ia consequence the visibility was very low. If a
diver can locate a2 lsndmark on the sea bed from the surface, i%
only remains to _pos ition kim directly over the test site. II &
can be accurately positioned it is not absolutely necessary th
he sees the site. hat is ne eeded is that he can swim to & land-
mark on the sea bed that is reasonsbly close to the test clte
He can then perform a standard search to locate the site

M

The methods employed to locate dive sites during normal
diving are several, they include
(1} photographs from the dive
la .’lG!‘ arx\ =1

w0
[N
ot
[¢1]

to give leoeation of

(2) instructicns such as "line up the telezraph pole on
the brow of the hill with the chimney on the white
Horse'.

(3) compass bearing of lendmerks, or

3

There are many more techniques but they are not of any
gignificence here. 1t can be seen that all these methods use
gome form of reference point, or points end then elther line
thiese up or meagure angles bstueen\tke&.

In most cages. the land marks are not very reliable {(i.e. they
are not exaetly in line or they are not the same height and some
guess work is required This would mean that a dlvar could not
be positioned exactly over an exderiaaAtai gite. It is therefore
necessary to produce an artificial lesndmark or landmarks snd 1o
use these to locate the site.

To accurately position a div over the test site there are
8 selection of basic tecnnlques. Lpay involve either the measure-
ments of distance from datum points, the measurement of angle Irom
a datum line (or earthe magnetic field) or a combinaticn of tine
two. ’

Figure 2.1 shows a selection of the possible methods.

To estabiish the optimum technique we must study the relative

erits of the available options.

-
1

4+ - - + - - ) w1+ ~ + - Y wr o a1t 1A ~

v MUsSt L108T D8 e8vdilll = 5 61 40 neitoer iz 1LVel . BaolLa FERS = A T

5 he +oat ~ hath e cal atrenta a5 = s
r the test site or whether his assistants on land should

mus
himself ove
guide him.



The advantage of the diver positioning himegelf is that there is
legs likely to be communication problems and less shore staff
will be required. However, as even the most complicated land
measurement techniques only require three assistants and as

any normel dive party would have this size of shore party,
acting as cover, this invalidatecs thesecona advantage.

To establish the feasibility of the diver positioning
himself we performed the following experiment. Ve equiped
& series of divers with a plastic sectant as used on small
boats and had them position themselves at sea over a fixed
target. They then had to measure the angle (see fig.2.2)
of separation of the two landmarks. If this technique were
to be employed a backmarker would also have to be located
by an assistant. “Je found that under perfect conditions it
was possible for the diver to make repeatable readings bdbut
that the slightest disturbance of the surface made these
resulte impossible. It was therefore decided that all
reading would hav¥e to be taken on land and the diver would
have to be guided by his assistants.

Having established that all measurements will be made
on land, it is then possible to say that standard survey
equipment and techniques can be employed.

However there are still several choices to be made. Is it
preferable to use standard triangulation techniques or to use
distance measuring equpment and compass theodolites?

There are three basic means of measuring disteance directly.
(1) Tape }easure

(2) Duel Path Optical Range finder

(3) Radio/Laser Range finger.

A tape cannot be used because of obviocus reasons,all associated
with the errors induced by the seas surface currents and cranging
water heights.

The dual optical path system is a well established technigue
as used in navel gunrery. To obtain a comparative accuracy to the
standard triangulation techniques, using & medium or low precisgion
theodolite, the equipment would be large and difficult to handle
under the typical working conditions on a sea shore.

The radio or laser range finders are more modern equipments
that basically measure the distance by the time delay for a signal
to go from the ransge finder to a target and back. The equipment
is inherently far more accurate than methods 1 or 2 and can have,
in theory, far greater accuracy than any triangulation method.
However during the research stage for this project the egquipment
was Just beginring to appear on the marxet, it was very expensive
and in some cases difficult to use, but there is the added

advantage that the equipment often has a built in voice communi-
cations link to the target. It was therefore felt that for this
pariicular work the equipment was not applicable. However,
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it is predicted that with the advancement of this technologzy future
expeditions should consider this option if the equipment cost has

been reduced and the ease of operation has been improved.

It must be remembered that if distance measurment ig to be
ugsed to position a diver the method shown in fig.2.1b would not

be employed because of the requirement for two measure units. Instead
method fig.2.1a or & would be used. The accuracy obtained by uging

a compassing bearing is far less than the accuracy obtained by using
two landmarxs provided the landmarks are spaced sufficiently apsrt.

It is fortunately the case that on most diving sites there
are gufficient su*udole sites where ar11*~01ai landmarxs can be
made on or close to the shore. It is rarely the case that there
is much suitable flat ground on the inland side of the landmarks.

The remaining option is the standard trianzulation method
fig.Z2.1¢c, where & baseline is established tetween 2 landmarXs.
Two anzles are measured, PAB and PBA, using theodolites aad the
test site '?' located at the intersection of the two lines.

Site Fixinz

_ The following procedure was per
in this report. Preliminsry work was
most efficient method and t0 ensure #!
aware of their individual rolv~.

In most cacses & team of 2 divers with a schore team of 3 was
required but to speed up our worx we often deployed several teams
of divers at the same time.

The divers were allocated certain portion of the sea bed and
were instructed to tag & certain number of sites. The dive leader was
responsible for the choice of site, no specific criteria was used
for the choice except depth. It was hoped that this would, combined
with the wide choice of diving areas, provide a good random selection

of plant conditions.

Once a site had been selected, 2 end markers were positioned
2 to 3 metres apart and one middle marker. These mariers were
“econstructed of rectangular blocks of polys tdr ne conneafed to a

length of cord. They were fixed directly to the rhiz omes of th
Posidonia so that the block floats clear of the Posidonia leaves.
The floats were to assist with the relocation of sites. S ome
difficulty was encountered to decide the coptimum type of marker.
Because oI the numbers of divers around Kalta we cou;d guarantee

hat most of our sites would be found by someone between the tazzing

L=

and the re-surveying of the sites. Ve tuere¢ore decided that the
floats should have no intrinsie value to minimise the chance of
theft. This ruled out almost all types of munu*u;zured floats.
The only easily available options were either used plastic botiles
or polvc+'rene. We felt that any float used would Have to be

replaced every time the site was vistited. This is beacuse they would
become covered in growths end dif 1cult to locate and they would aliso
heir DU"“BJJ. The bottle i1l vith water and even the
e could come slowly to cell collanpse.
1€ Wes uaed egause lar 7ere readily aveailable.
ze'8 £ 5 x 80 ¢mj.




Once the markers were fixed the divers would select plants
on the line connecting the 3 markers (usually 12 or less) and
connected the tags to these plants (detailed separstely). Divers
were asked to record the numbers of tags fixed and thre orientation
of the markers. This would assist the teams searching for the
tags should only one marker be found.

Once work on the site was compléte, the 2 divers would surface
and because of the good visibility they could still identify the
markers. One diver floated flat on the surface and the other
remained upright. The horizontal divers held the other firmly and
positioned the pair of them directly over the site. This was
particeularly difficult when a surface current or wind existed.

When they were directly over the site the upright diver wculd

raice his arm to indicate to the shore party to record the position.
In some cases we used separate snorkel divers to perform this
location task as it was found to be quite exhausting. This task
was made more difficult by the poor sea and weather conditions we
experienced.

The shore party were responsible to locate and mark the 2
landmarks required to locate the tagging site. The landmarks were
chogsen so that there was sufficient flat ground around the mark so
that it could be found again without too much difficulty and also
so that a theodolite could be positioned reasonably easily. The
exact position of the landmark was marked by chiselling a cross
into the rock and covering this with white paint. Alongside was
painted "1C72". To obtain the maximum possible accuracy the 2
landmarks should be ag far apart ac possible to ensure that the
angles of the triangle ABP (see fig.2.2) should be as close to
6" as possible. In moet cases this situation is unobtainable.
This situation was agravated by our desire to do as varied a
selection of tagging sites at each dive location as possible.

We felt that to increase the number of landmarks at each dive
location would lead to confusion on any return yisit. The theo-
dolite was placed at 'A' and levelled ian the normal way. The
position of the centre of the theodolite was marked into the rock.

A ranging rod was positioned at B and the theodolite is zeroced

onto it. %hen the diver surfaced and indicated he was positioned
correctly the shore party measured the angle BAP with the theodolite
and positioned a second ranging rod (B,) in line with B 2nd P.
Further sightings were taken of 21l the tagging sites and further
ranging rod positions were indentified (31’ 83 ete) .

Once the sites had veen completed the zeroing of the theodo-
lite was checked and the instrument then moved to position 3. It
was set up in the same way as 2t A except this time zercing on A.
The angles of ABB,, 4BB, etc. were recorded and the angle ABP, ABP,
‘ete. calculated. Az2in vefore the theodolite was dismantled the
zeroing was checked. The site markers were then completed and
photographs taken if they had not already been completed during
the surveying.

This procedure was adrered to with some minor variations
throughout our experiments.

The uce of backmarkers reduced the accuragcy of our measure-
ments considerably and was made necessary because of our failure
to obtain a second theodolite. -

ko
o

02
«
-~



Site Relocation

We would recommend the following pro
+
U

21 teS.

2

By examication of
wnich this couwld be
leaf to a mature one
leaves furtner down

cedure to relocate the

Cnce the landmarks A and 3 have been relocated with the aid
of the photographs and maps a theodolite should be placed at A
and zeroed on & rangzging rod at B.

A backmarker is then set at A, so that the angle BAA 1s the
required value. This is repeated Tor all +qe necessary backrarzers.
The same operation is repeated at 3 measgureing the angle ABB, to
establish the B backmarkers. The dlve party is then positioned
in line with the marker p¢ a
that the sihore party eit ne
or usge coloured flags be =3
the shore. The shore p by 1102
indicate to the divers ‘the correct direchtion to swim. OUnce
diver is correctly positioned he should &tteagt to identify
landmark immediately below nim and should perform normal se
routines wntil the markers are found. If only one marker 1
vigible he should use the orientation specified in the tabl
0f results to locate the tags.

2.2. Plant Tagging

To establish the growth he Posidonia plant, it
necessary to deifine some bas g techrnique. Short t
experiments san be made that e rate of varticular
reactions. Trom coparative different plants in 4
locations certain conclusion be reached on the relative
importance of different paramet on the rate of growth of the
plants. This however is & very me consum and difficult experi-
mental technique to perform e approach t i zZzested
that we took was for long te surments of growt d
therefore was to define some ¢ mea&surements for dual
plants and to repeat this me ient at suitable tim .

The Posidonia plant grows by new leaves being forme ip of
the terminal shoot.

As the leaves mature, they are replaced at the tip by newer
shoots and eventually the leaves aze and die. They then fall away
from the body of the plant lan herefa geems 10 progress

aeross the sea bed. e 1t} 18 od of
tagging the plant in a kne e, two or
three years time it is po dditional
leaves.

i

the only



The tags used for the plant had to be securely fixed so that
the normal movement of the plants and water did not destroy or
remove them. However, the tag could not be such that it might in
some way damage the plant or impede its growth.

We finally agreed on using a wire to wrap around the plant
leaf base. The wire had to be fixed tightly and forced well down
between the sixth and seventh leaf bases. To this there was
attached a small white plastic flag about dcm by 30 em long. It
is hoped that this will help in the relocation of the individual
plants. It must be remembered that the white material will becone
contaminated by sea growth in the same way as the floats.

The means of tagging the plants and bouying the individual
sites is far from ideal but as is always the case in a marine
environment, the ideal is rarely attainable. =Even the most potent
anti fouling paints or surfaces eventually succumb to some form of
contamination if left unattended for too long a period of time.
The means of tagging is such that a certain percentage of the tags

_or sites will be imposeible to relocate and so any experiment will
have to work on a redundancy principal. If the sites are visited
after six months probably 954 of the tags would be located, after
1l year 855, 2 years 70% and so on., It is therefore important that
if any really important conclusions are to be reached from this
experiment, the sites should be visited as regularly as possible.

It is important that any divinr team that revisits the sites

should replace all the markers and tags, this will make the
long term continuation of the experiment far more realistic.
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POSIDONIA BXPERIVEN

(Abbreviated Technigue)

Surveying technique for fixing land-based markers to enable
location of sites of tagged posidonia plants at sea.
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Divers con the surface at sea must now position themselves g
that the ranging rods acting as back markers appear directly b

the appropriate P“nflﬂé rods at both A and B. The divers wi
be exactlg above the site of tagged Posidonia plants on the

At some csites the divers may require. people to stand by the
ranging rods, as these may be difficult to locate visually when
out at sea.

Once the divers have located a line of tagg
on land may reset the back marker ransins rods I
other line of tagged plante.  Up to ten lines of plent
at one site, using the same front markers at A and Be



Method of tagging and marking tagzed plants

A length of wire was secured round the persistent leaf bases
of six mature leaves on & Posidonia plant rhizome. A long lenzgih

of white ,plastic material about 30 cm long and 3 cm wide was attached
to each wire. A zgroup of leaves on up %to twelve plants were tagzed,
plants chosen veing falrLJ close togatner and in a straight line.

The line of tagzed plants was marked by anchoring Lolgctyr ne floats
to Posidonia IblaOQ S €0 that they floated about oU cem above the top
of the leaf zone of the pPosidonie plants. Floats were positioned one

at each end of the llne of tagged plants and one in the middle
Each float was of white polystyrene avouu 2% cm long, 8 cm Tll; and
% om thiek. ,

It is intended that tagged plants will be examined on a 1 or 2
yearly basis tc determine the nature of new leaf growth.



Delimara Point
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Datetr 4.8,172 and Z0-0: V72

Point A

Peint A is at the seaward side of some salt pans and to the left of a large pool,
= approximately 5 fzet from the pool edge and the same distance from the sea high wate:

.

line, It is reached by walking on a bearing through the edge of the hut near the s

and the.edge of the cliff,; towards the salt pans.

Point B is in the centre of a circular depression about 3 feet across at the edge
of the upper terrace, It is approximately in line with the seaward end of the small
: salt driers' hut shown oin the mape It iz about 2 metres North of a large crack in

| , the rock, rumning from the path to the s=za,
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Site Nats

T s Y

Benahiga Point,

Datesr 13.8.772
Paint A

Point A iz hehind a
sea high water level,

A photograph
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SITE DATA

Mignuna Point

Date: 17.8.72.

Point A

Point A is on a rock outcrop about 6 feet wide and 20 feet long and
rising about 1 foot 6 inches above the main flat table., The outerop
is seawsrd of a leng crack in the table.

Point B

Point B is in the centre of an etched depression in the rock table
and is right on the point. It is within fifteen feet of the sea

on two sides: Not far away is a large crack in the rock, extending
to the sea.

A photograph of both points was taken from the cliff top in addition
to individual close up shots.

Map 4 Ph, 10, 11 and 12,

Line  BAl By prar il o e
1 147° 41 00"  69° 49* 30" 10 20

2 151° 46 30"  49° 30' oO" 10 20

3 139° 8' 30"  63° 03 30" 10 20

4  153° 38* 30" 39° 1+ 30" 10 20

5 1359 24' 30"  118© 41' 30" 10 20

6 121° 5* 300  81° 3* oo 10 20

7  114° 8' 00"  119° 11' 00" 10 20

8  106° 57' 00"  133° 47 30" 10 éo

9  100° 14' 30" 115° 31' oO" 11 20

10 860 48' 30" 131° 21* 30 12 20
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SITE DATA
Qawra Point
Pate: 14.8.72,
Point A

Point A is in the centre of the 4th platform in the middle of the
pool (see photos).

Point B

Point B is in the centre of a small depression in the rock some
ten feet from the sea and about 50 feet from the edge of the pool.

A photograph was taken to give a general view of the site from
the top left hand corner of the approach road.

Map 5 Ph. 13, 14 and 15,

Line BAAy ABB1 E;aiigg nggzzs (Engget)
1 151° 13' 00"  89° 15' OQ" E=W 12 25¢
2 120° 39' oo~ 105° 17' oo" E =W 12 55¢
3 131° 37 oo" 76° 16 oo™ NE - SW 12 251
4 122° T+ s0v 84° 44+ OO E =W 12 45°
5 83° 50 00" 113° s8¢ oO" N -8 12 50"
6 952 Q' QO" 102° 50 oO" N-§S 12 75°
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SITE DATA
Marfa Quay Site 1
Date 11.8,.72.

Point A

Point A is a short distance beyond the end of the concrete (uay,

close to the sea.

Point B

Point B is at the top of an outcrop at the other end of the Quay.

Photographs show the positions of the points relative to the quay.

Map 6 Ph. 16, 17 and 18.

Line FAAy
1 146° 5 0O"
2 125° 11* 30"
3 1410 23* Q0"

4 130° 30' 30"

ABBy

100° 18% Qo"
103° 51+ QO
810 7| oo

1229 33+ QQ"

Number
of Tags

10

10

10

Tepth
(in feet)

- b
"
-
»r



Date: 29.8.72.

Doink &
Point A is on the top of a rock outcrop overlooking a small platform
next to the sea, and the sunken plateau that extends inland,
Zoint B

Point B is sbout three feet from the ¢liff edge and is roughly in
line with paradise beach and the end of the large rock outcrop,
(S&edﬂ‘kﬂ!m)

Photographs showing the general pogition of the points were taken,
Hupﬁ!’h..‘ﬂ. 20 and 21.

lne ik iy of Tdng  of Tags (i fest)
1 86° 46v o  137° 111 00" E eV 10 35
2 87° 580 20" 127° 40 00" EeV 10 60
3 142° 380 g 58° 24 oo NeS 10 70
4 1239 12V 30" 105° 26 30" - 10 -
5 126° 500 30" 91° 20 oo" - 10 .



SITE DATA
Harfa Point Site 3
Dates 29.8.72.

Point B is on a smooth glab of rock. The rocks extend from the shore
in a broken pattexrm and then change to shingles The roek is the last
before the shingle and is several yards in front of a square of concrete.
The photographs taken are enclosed.

Map 6 Phe 224 23 and 24+

Line Bily ABBy m ng 4 (DQF&)
1 98° 130 30 119° 431 00" WS 10 10
2 91° 6¢ 30" 113° 439 00" NS 10 18
3 90° g* 00" 107° 9* 00" WS 10 25
4 113° 42¢ 00" 98° 33* 00" N -8 10 15
5 1189 390 oo" 85° 23¢ 30" NS 10 10
6 107° 27t 20 98° 7 30¢ NS 10 15
7 104° 310 00" 94° 531 0O" NG - SW 10 20
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SECTICN III

AN ACOUSTIC RANGEFINDER

FCR

LOCAL SURVEYS of the SEA TLOCR

By: P.G. FEARNHEAD
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INTRODUCTION

This report describes a simple, single-path acoustic
rangefinder for use underwater and the results of field tests carried out with
a prototype. When degigning this instrument it was recognised that a
fundamentel limit to the accuracy of such a system exists due to the
inhomogeneity of the operating medium. Hence, while the instrument was
designed to have a resolution under idezl conditicns which would bte better
than normal operating conditions were likely to permit, no attempt was made
to make a redundant accurascy capability. In this way the design has been
kept simple and costs minimised.

It is expected that the rangefinder could fiud wide application
for detailed surveys in areas of limited (say, 100 metres) extent where a

" reasonable accuracy is required, but limited visibility and/or diffiegld

topography prevent a tape measure from being effective. An obvious example’
is in the growing field of nautical archaeology where accurate plans of the
sea floor must often be prepared despite poor working conditions.,

DESIGN AND CONSTRUCTION

2.1 Principle of Cperation

The principle of operation is that an ultrasonic pulse
is generated a2t one end of the line to be measured and detected
at the other end. Given the local speed of sound, the time of
transit gives a measure of the length of the line. Provided
that a direct acoustic path exists between transmitter and receiver,
one can neglect any possible complications due to interference of
direct and surface reflected (or other) signals because the only
signal of interest at the receiver is the first to arrive which
will have followed the most direct path (hopefully, a straight
line). Hence, a reflector is only needed with the transmitter
to focus the sound energy and increase the operating range; its
function as a spatial filter is redundant unless there are several
similar systems cperating in close proximity. This has the obvious
advantage that the beam width can be as large as is necessary to
guarantee that the beam finds the receiver by a direct path. Thus
the location of the receiver does not have to be known with any
precision and the system can easily be used under conditions of
very poor visibility. ‘

Hence, the mode of operation is that the transmitter generates
an ultrasonic pulse and simultaneously sends a signal by wire to start
the counter. The receiver amplifies the incoming pulse to an acceptable
level 'and stops the counter if the pulse exceeds a threshold level which
is chosen to be above the ambient noise level.
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2.2

We would like the operating frequency to be as high as
possible since the best possible resolution is of the order of
the wavelength used. However, we are not entirely free to choose
any frequency since 2t higher frequencies the zbsorption starts to
impose limitations on the ranges which sre attainagble, This can be
countergcted to some extent by transmitting 2% a higher power,
Unfortunately, there is a limit to how much power we can put into the
water because a2t power densities greater than Pé/2l where emb
pressurv, ‘R = acoustic LApeuence of medium -~ about 1 watt v
surface - the sea water starts to ca resulting in a la drop in

;.u

0 ]
radisting efficiency. This latter effe becomes very impor rt at high
frequencies, because the dimensions of the *transducer, if operated in
a resonant mode, decreases with increasing frequency. This imposes
a limit to the total amount of power which can be radiated from its
surface.,

We decided to use spherical transducers, since these will have
the greatest total power transfer capabilitiy and were fortunate to be
able to obtain two BaTiO, spheres resonant at about 80 KHz, from the é
National Institute of Océanography. A full description of the
transducers is given in the Appendix. These spheres not only have the
required power handling capability, but also operate at a frequency where
the natural ambient noise level (see Fig. 1) is low.

Although a system could be devised with very high accuracy and
resolution under ideal conditions, it is rare that ideal conditions
are encountered. There are two principal causes of uncertainty in this
kind of measurement, both related to the loczl sound velocity snd its
variations. If there exists a variation of sound velocity along the
acoustic path, then there will clearly be an uncertainty in converting
the time lapse into a distance. Similarly, if there is a velccity
gradient normal to the direction of propagation (as might commonly be
caused by a vertical temperature gradient), then the acoustic path will
be curved and the accurscy of the system impaired. In dbtlculﬁrly ad
temperature gradients it may not ve possivle to make any measurement
at all.

A detailed treatment can be found in Albers (1) and a more
advanced treatment of the theory in Tolstoy and Clay (2). To the
best of my knowledge there exists no means of overcoming these problems,
which might typically cause uncertainties of the order of 0.1%, although
it is conceivable that a correction for path curvature could be applied
if the velocity gradient is assumed o be constant.

e m——
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Consideration of Circuit Design

From the above discussion it will be clear that the problem
has been reduced to that of generating an acoustic pulse with a
sharp leading edge, the detection of this edge after pasvage through
the water, and timing the intervsl of trevel. Although 2 simple
system like this has a best resolution of the order of the operating
wavelength, it would normally have a nuch lower resolution due to
the finite response time of the clrculi elements and the correspondingly
uncertain triggering edge. In the following section is a description
of how we overcame this problem and also maniaged to dispense with any.
need for tuned oscillators or amplifiers in the transmitter,

2.%5.a The Transmitter

Our principal problem was the slow rise time (about
60 microseconds), of the transducers. Since we require
only a certain power level from the transducer, but are
not worried if we exceed it, 1t seemed reasonable to
adopt the following technique for reducing the effective
rise time of the transducer. The rise time is a
fundamental property of any system, but we note that it
is independent of the level which is ultimately reached,
as shown in Fig. 2, (we assume that the system is being
"fed" on a step function).

Notice that the time taken to pass a given level
depends on the amplitude of the input signal. Thus it
seemed reasonable in our case to generate a much higher
(bu’r rapidly decaying), signal than would normally be used
to achieve the required minimum output level. Hence we
would like to put a signal into the transducer whose
envelope is that of Fig. 3(a), in order to produce an output
function whose envelope is of the form of Fig. 3(b). Fig. 3(c)
shows what the response would have been to a simple gated
scillator.

Since the transducer is a capacitive load, it must be
tuned for resonance operation with an inductor (428
microHenries in this case). It was pointed out to us by
Ir. B. Ray of Kingston Polytechnic, that the back e.m.f. from
a current switched through the coil could be used to make
the tuned circuit oscillate spontaneously at its resonant
frequency if isolated. Fig. 4 shows the full circuit disgram
of the system. It can be. seen that the transmitier is
simply an astable multivibrator driving a power transistor
on for about 100 milliseconds every 2% seconds. This al
the current to build up to =zbout 0.8 amps in the inductor.
g off a back e.m,f,
ralue of about
t ransducer for
can be seen th
current attained
by putting a resistor
or by altering the

w

is switched -on.

S e b P N
The transistor switchi generates

objective c ichie
the inductor can be control
in the emitter of the power
period for which the power
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2.%.b

The explanation of the "flat" areas in the

voltage waveform acress the coil is rnot certain,

but could be due to the generation of some frequency
other than the fundamental which interferes with

the fundamental.

The Receiver

As shown in Fig. 4, the receiver was a
gimple amplifier with variable gain. The mode
of operation was to use the Counter, (on loan from
Marconi Instruments, type TF 2416), input threshold
of 0.5 volts as our detection threshold, the
amplifier gain being adjusted (from the surface), so
that the signal level was above the threshold while
the noise was below the acceptance level. Times were
recorded from the digital counter by an observer using
pen and paper. This had the advantage that spurious
results could be discarded, an interpretation process
which would be difficult to perform easily without a
numan observer. The counter input logic could be chosen
by simple switches.

The received waveform as observed on an oscilloscope
showed a rise time of less than one wavelength. {
However, varying the amplifier gsin, (i.e. equivalently
varying the threshold), varied the time interval recorded
by up to about the period of the waveform, which was to
be expected.

Mechanical Design and Construction

2.4.2

The Transducer Mountings

In order to protect the transducers from the
corrosive sea water and to provide electrical insulation
for them, the transducers were mounted, (or more
precisely, hung), inside a polythene container filled with

1

castor oil. The latter substance was chosen because it is
an insulator with an acoustic impedence similar to that
of sea water. Fig. 6 shows a cross section through one of

S o
the polythene containers and an enlarged diagram to OGUh

how the electrical leads were seale h

container, To ensure that no air remaired in the oonﬁ:zne“s,
they were filled by totally immersing them in a large
reservoir and then zssembling while submerged. The reason
for taking such care to €liminate even the smallest
bubbles is that they would in ..o juce an additional
admittance to the system caucging LObo*b_J large energy losses.

“)J
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2.4.0

2l

2c4od

The transmitter container was a simple box made

of half inch Perspex with internal dimensions of 5 x 4 x
6 inches. The only reason for having it this large was
that it enabled the transmitter to carry its own power
supply in the form of a battery of five NiCd cells. T
transducer was mounted on the lid, as shown in Fig. 7.
The reflector was constructed from a standard eight inc
car headlamp reflector with the back lined with expande
neoprene, the metal surfsces being coated with 2 plas
spray to prevent corrosion. The perspex disc which re
the transducer 2lso serves t0 eliminate the direct acou
path, thereby ensuring that all transmitted energy tro
over the same path length to avoild any possible interfe
effects.,

O

The container le was held in place by six 4 B.A.
bolts and sealed with an ordinsry O-ring. The only wire
coming out of tbe box was a single co-axial cable which
carried the signal to start the counter. This was sealed
through the lid by using a cable gland and a lot of
Evo-Stick and fibreglass resin.

In order to minimise the number of waterproof seals
required, a magnetic reed switch was used as a power switch

th the magnet externally mounted.

The Receiver

A scale drawing of the receiver's waterproof casing
is given in Fig. 8. The method of attaching the transducer
to the casing is the same as for the transmitter. In this
case the wall thickness prevented the 1lid from being held
in place with screws so we made the fit fairly tight and
relied on the water pressure holding the 1id on. It did.
The reason for the enlarged top section is principally to
contain the rather large inductor, but also serves as a
convenient eniargement on which to attach the transducer.
Note that in this case the instrument has an external power
supply, (on the surface). The power, gain control, and
amplified signal were transmitted betﬁeen surface and
instrument by a2 double co-axial czable which entered the
waterproof casing through a cable gland with plastic tape
for packing and Evo-Stick to complete the seal.

Miscellaneous -

way system it was necessary

Because we were using a one
to h<me g cable ?rom each end to the surface. This we feared
] ith the cables snagging on obstructions %
1t by the simple expedient of '

< + ‘ \ Y ey - B T T |
res at appropriate intervals

Qi T



In order to position the receiver easily
with reasonable precision, it was attached to an
eighteen inch spar with eight pounds of lead at the
base. By this means the receiver could be stood
vertically with the trasnsducer above any immediate
obstructions.

The one piece of eguipment which was needed to

ensure correct positioning of the transmitter was a
suitable tripod, which unfortunately we lacked. Thus

all measurements had to be made either with the transmitter
resting on the bottom or else with it hand held. The
problems with the former method will be self evident,

while the latter proved that a diver cannot hold an
instrument still underwzter in even the best of conditions.

B

“RESULTS OF FIELD TESTS

In order to obtain some idea of the reliability of the system as a
measuring device, we used three techniques. Firstly, we attempied some simple
distance determinations along a tape measure to try to get a feel for how the
system was functioning. Secondly, we did a small number of tests to see how
the device responded to small changes in the measured distance, and thirdly
we carried out a large number of consistency tests between fixed points on
the sea bed over a period of several days,

3.1 Simple Range Determinations

For this part of the experiment a 50 metre steel surveying
tape was stretched between iwo prominent rocks on the sea bed at a
depth of 6-7 metres, so as to be as straight as possible. By this -
means it was possible to keep the maximum catenary deviation to
less than 0.5 metres, (which corresponds to a horizontal contraction
of less than 1 cm.). During measurements the receiver was placed at
one end of the tape and the transmitter held in place on the tape by
a diver who tried to support the tape also in order to try and further
minimise the effects of the catenary.  The maximum range measured was
about 64 metres, which was well beyond the visible range of about
20 metres. This result has g large standerd deviation because the diver
was free swimming. At this range we were able to detect the incoming
signal with little difficulty and would expect that ranges of over
100 metres are perfectly feasible. Table 1 shows the results obtained.

.



TABLE 1 - Comparison of range estimates using a tape
mezsure and the sonic rangefinder

Tape Mezn Time Sonic
Range (m) Lapse (m,secs) Range (m)

5.00 %.2268 0.0037 4.945
10.00 . - 6.490 _ 0.022 9.945
15.00 9.7501 0.0066 14.94
20.00 13,0178 0.0049 19.95
30.00 19.5428 0.0052 29.94
40.00 26,0844 0.0090 39,96
48.00 31,3022 0.0092 47.96

- (see text) 41,98 ; 0. 20 64.3

3.2

Local sound velocity used in this table is 1532.4’m/sec.,
obtained from the time difference between 5,00 and 10.00 metres
ranges. Water temperature was 23.8°C.

From this table it appears that apart from a constant
"end error" of about 9 centimetres, the acoustic rangefinder
is accurate to a tolerance of Il .cm, (approx.) in the range 5 to
48 metres. ’

The most difficult aspect to this part of the experiment
was setting up the tape, which took two divers a whole hour.

Resolution of the Sonic Rangefinder

For these tests we decided to operate with the tape set up
similarly to the preceding section, but more supported by the bottom
to reduce the catenary. Also, we operated in much shallower water,
(depth 0.4 - 1 metres), because this combined the worst acoustic
conditions with the best control of %he system, (the handlers could
maintain close contact with both the instruments and surface control).
The method used was to measure the '"centre range" and then move the
transnitter first forward and then backward by the appropriate
distance, the receiver remaining fixed. '

Altheugh the tests do show that a movement of as little as
5 centimetres is in general detectazble, the accuracy of the
individual rements was rather poor; typically of the order of
0.2 = 0.3%. the 2 lgu
spread of 2 the

case of the
10 em longer i
recording or operating error as it
of the results in the group.
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TABLE 2 ~ HResolution of scnic rangeflinder

Deviation (m.secs)

Lapse—rgfsecs)

3,203 | 0.019

3,0216 0.0099
3,275 0.019
6.4111 0.0070
6.502 . 0.087
6.5346 0.0059
14.95 9.682% 0.0058
15.00 9,7178 0. 0050
15.05 9,7462 0.0023
10.90 12.964 0.030
2600 13,011 0.011
20.10 13,113 | 0.028

The ranges given in Table 2 were obtained using a sound speed
of 1542.3 m/seo, derived from the time difference between 15.00 and
5.00 metres. Water tamperaturs was 25.8°C.

Consistency Tests

In order to obtain some idea of the consistency of ouxr
system we marked some fixed points on the bottom as depicted
in Fig. 9, using "Obo" nails hammered into the rock with small
polystyrene floats attached to them by a string about 0.5 metre
long for ease of re-location. The sea bed in the area chosen wa
composed of rocks up to 3 metres "diameter", (typically 1 - 2 ne
scattered about with shingle and smaller rocks in the gaps.
Over a period of five days, various parts of the test area were
measured by several different groups of divers. The test lengths

s
tres

- were also measured by tape for comparison. Visibility was generally

sufficient to see at least one other point from any given point,
but not usually good enough to see the full length of the long arms.
Hence to ensure that the tape wes straight, only single poirt to
point distances were measured with the tape.

Mean Time Standard Sonic

)s



Line

OA
OB
oc
AB
AX
XB
XY
YB
YC
YZ
ZC
CB

TABLE 3 -~ Tape measurements of test ares for consistency

.
lesis

(See Fig. 9).

geaanh, =2 B
14.90 14.60 14.77
15.01 15.01 - 14.94
18.81 18.80 18.66
15.05 15.06 15,05
18.34 18.33 18.34
29.04 29,06 29.03
31.98 32,08 32,00
14.06 14.08 14.08
20,33 : 20.40 20.34
25,74 | 25.75 25.78
14+35 ; fr 17.5%
13,20 13,22 13,20

The three sets of measurement” given in Table 3 were obtained
independently by three different groups of divers. In general they
show reasonable consistency and are probably as gcod as one could
normally expect to obtain from free divers using a hand stretched
tape. Line OA shows a lack of consistency due to the presence of
a large rock between the two points which eliminates the possibility
of a straight line measurement. The values given represent what the
divers felt to be the best approximation.

Each set of results in Table 3 was obiained in a period of
about 50 minutes. However, it should be borne in mind that the
working COroltlons were exceptionally geod (by British standards),
with visibility of 20-30 metres and no current. I would expect
similar measurements in the North Sea or English Channel to take
much longer and probably to be less accurate,




TABLE 4 - Acoustic measurements of test area for consistency tests

Line Date Mean Time Stondard
Lapse (m.secs) Deviztion (m.secs

OA 1.09.72 9.758 0.015
0A 1.09.72 9.7571 0.0064
0B 1.09.72 9.8864 0.0022
0B 2.09.72 9.8052 0.0059
0S 4.09.72 9.948 0.01%
OB. 4.09.72 9.9474 0.0074
OB 5.09.72 9.84190 0.00055
0B 5.09.72 9.875 0,011
0B 5.09.72 9.8958 0.0038
oc 1.09.72 12.3%630 0.0056
oc 2.09.72 12,2002 0.0042
oc 3,09.72 12, 36660 0.00050
oc 4.09.72 12,3078 0.0050
0c 5.09.72 12,2941 0.00L9
oc 5.09.72 12,3297 0.0043
0c 5.09.72 12.3730 0.0042
AB 208,72 9.86263 0.00062
AB 4.09.72 9.86075 0.00045
b o 2.09.72 20.915 0.024
Yz 2.09.72 16.600 0.054
Y7 4.09.72 16.738 0.015
CB 1.09.72 8.586000 0.000001
CB 1.09.72 8.59860 0.00052
CB 2.09.72 8.7212 0.0081
CB 3,09.72 8.596 0.018
CB 4.09.72 8.6308 0.0059
0xX 1.09.72 21,6296 0.0025
X 2.09,72 23,064 * 0.03
cx 2.09.72 21.801¢ 0.0073
0x 2.09.72 21.7077 0.0037
0X 4.09,72 21,6533 0.0012
ox 5.09.72 22,97 * 0.486
0x 5.09.72 21.010 0.041



TABLE 4 (Cont./ ...)

Line Date Mezn Time
Lapse (m.secs)
0Y 1.09.72 19.0430 0.0026
0Y 2.09.72 18,679 0.079
oY 2.09.72 ' 18.83443 0.00075
oY 4.09.72 : 19.062 0.011
0Y 5.09.72 18.979680 0.00041
0z 1.09.72 , 2%.81% 0.023
0z 2.09.72 - 23,677 0.028
0% 4.09.72 . 23,6826 ' 0.0070
0Z 5.09.72 23,69550 0.00051
0Z 5.09,72 25,311  * : 0.029

¥ These results are believed to be inconsistent due to the

acoustic path including a surface reflection.

Table 4 shows the results of measurements made in the test
area using the gcoustic rangefinder. The following points emerge
from the table.

(i, The consistency of the results, uncorrected for
Tocal sound velocity, is in general good enough 1o
obtain an accuracy of the order of 0.1 m over a period
of several days.

2

(ii) No improvement is shown by taking results from a 51nLle day.

(iii) The table contains obvious systematic errors. For exampl
notice the progressive increase of the mean time lapse fo
0B and OC during the 5th of September. (The results are
given in chronological order).

.

LEy
or

(iv) The accuracy of the individual measurements as given
by the standard deviation is, in general, between one and
four orders of magnitude better than the long term accuracy
given in (i). :

.In considering thsg: observations we have to bear in that
1 (iv) we are considering t,e accuracy of the insirument, t the

ination which could be affected by refraction effectis, etc.
tructive to consider the sea conditions during
the messurements. For about two weexs preceding ]
there had been continuous strong winds resulting in wave
10 to about two metres Ltrouﬂh to crest), which would have

: layer thoroughly down to at least the 10 metres depth

o+ ,rr,
-
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which prevailed in the test area. This would account

for the very gcod results shown in Table 1. . However, from
the 31st August until the end of the experiments we
experienced light winds and longs periods of sunshine.

It seems very likely that this led to stratification of
the water column and some limited measurements suggest
that possibly we were affected by a thermocl W

ine
up during the day and then dispersed at night. '

Temperature measurements showed the increasing water

temperature guite clecrly. On the lst of September, the

water temperature was fairly uniform at about 22.5°C between

5 and 8 metres; similarly on the 2nd. On the 3rd, however,

we recorded afternocon temperatures of 24.5°C at the surface

and 24.300 at eight metres. On the 4th the water temperature wes
again arcund 24.400, but during the afternoon of the 5th there
was a sirong rnegative gradient with a surface te Wperature ef 24.1-0,
-and a temperature of 4/,(00 at a depth of 8 metres This
temperature gradient had built up during the day as divers
reported no sensible temperature grzdient at the beginning of

the day (09.00), though they felt the gradient quite strongly
during the afternoon, and it was at the diver's suggestion that
an investigation was made.

4}
u
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It seems likely that the systematic variation of the results
recorded on the 5th of September can be atiributed to the build up
of the temperature gradient just described.

CONCLUS I"“S AND RECOMMENDATIONS

From our observations it seems that the simple system described is
capable of considerable accuracy (of the order of 1 centimetre at ranges
between 5 and- 50 metres) under good acoustic conditions. The standard
deviation of all the measurements was typically of the order of 1 micro~
second, suggesting that an instrument resolution of one wavelength (about

12 microseccnds), is likely to be obtained fairly readily. This corresponds

to a range of less than 2 centimetres and is upheld by the results of
Table 1.

In order to obtain an accurate estimate of absolute ranges, it
is essential that the local sound velocity is known with some precision.
We found that it was quite .adequate to estimate the sound velocity from
two precise measurements of known distances and use the difference to
eliminate any end errors. This required the two fixed distances to be
separated by several metres, (we used 5 metres successfully); to minimise
the error in the finsl resa7u due to un ainties in the individual

measurements. Unfortunately this method requires one to use tapes and

is very time consuming. I would recommend the use of ei+her a commercially
ilat locim A rod of gth at least thre etres on which
trans ; i } ‘ Sl meBpsure

Q0C made on
sgsonably expect to
ions with strong

]




are some useful ideas wnich have come from this work. Firstly, it should
et g

As far as practical applications are concerned, I think there
u

asonable conditions to use

be possible under a si
a completely battery powered

the prototype described in this report.  If
submergible system were required it could b asil
now that solid state numeric displays are con y available., Alternatively,
one might wish to use an automatic system to monitor sand waves, for

example. In this case one could store the measurements on msgnetic tape

in the same box as the transmitter. ;

If this were to be done one would of course use a coaxial czble
along the sca bed for the returning signal and not go via zny kind of
surface system. This has the advantage of reducing the amount of wire
around, but there are still many instances where one would prefer a
transponder to eliminate the rneed for any wires at all. Unfortunately,
it was not possible for us to design a transponder with sufficient °
stability using the simple transmitter which was employed in the single
path device. This was due to a combined shortzge of time and expertise,
The main features of a transponder to operszte with this system are that
it should introduce a delay of the order of 10C milliseconds, so that
an effective range gating can be used to eliminate unwanted echoes
and that it should transmit a signal with a fast rise time. The form
of the delay should be such that it si reproducible with an accuracy
of about 1 microsecond, which we were unable to achieve.
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APPENDIX - TRANSDUCER PARAMETERS

The following data was supplied to us by the National Institute of
Oceanography with the transducers which they loaned us.

DIAMETER: 17 inches

CONSTRUCTION: Barium Titanate (Ba Ti 03), spherical
 EXCITATION: Radial

RESONANT FREGUENCY:  8l.2 KHz

BANDWIDTH: ' 8.8 KHz

Q IN WATER: 9.2

IMPEDENCE AT RESONANCE (DYNAMIC): 400 ohms

OPEN CIRCUIT SEWSITIVITY

AT RESONANCE: 45 microvolts/microbar

CLAMPED CAPACITANCE: 0.0089 microfarads




EXPEDITION ACCOUNTS
Treasurer: J.R. Nicholls

~ INCOME

e

£ p £ p
1., Personal Contributions
Y500 67° 00
Sz -FEOLGE - ' 120 00
2 x £25.80 50 00
845 00 845 00
2. Donatiions
Imperial College Exploration '
: Board 500 00
Royal Geographical Society 150 00
World Expeditionary Association 80 00
Comex Diving Ltd. 200 ©0
British Petroleum Ltd. =~ ' 50 00
980 00 980 00
3. Other Income 7 93 7 c3
Total Income 1842 93




EXPEEDITURE

6.

Travel

Air Flights (London-Malta-London)

Ferries: Ramsgate-Czlais
Syracuse-Malta

Road Tolls in Italy

Hire of 22 cwt Transit Van

Petrol

Othzr Travel Expenditure

Accommodation

In Malta

Food

Equipnent

Fartiewler -6 Surveying/Sonar

© Exp.
Particular to Posidonia Exp.
Other Equipment

Diving

Running Costs/Maintenance
of the Compressor
Running Costs/Maintenance

of the Boat and Engine
Other Diving Expenditure

Other Expenditure

Medical Supplies and expenses
Stationary

Sundry expenses

Total Expenditure

£ o) £ p
496 65
45 00
46 11
9 83
146 A
92 49
Al
893 63 893 63
162 67 167 - 67
251 71 LA - v,
173 51
§ B
134 81
314 53 314 53
17 18
61 28
58
9 04 79 04
5 2
7 1
27 25
39 62 39 &2
1741 20




& p 2 P
Petty Cash in Hand 15 87
Small Foreign Coinage 36
Bzlance Remaining in the Bank 85 . 50

101 13 101 73

TOTAL PR it 82 93%
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