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PREFACE

1980 Géophysical survey - overall cruise summary

The 1980 geophyéical survey'programmé was divided

comprising four projects, as follows:

-

-

into eleven legs,

3,

Dates__ Prgg?Ct Area .‘Port
Mobilisétion - { 9 Apr-20 apr - - South éhields
ngl.. &fﬁi 21 Apr-6 May SO/Ol S No:tﬁ Seé Hul}‘ ..
Leg 2 VMTI 7 May-?o May 80/01 |S. North Sea . th‘ Yarmouth
Leg 3 - (1 22 May-4 June 80/01 |S. North Sea Gt Yarmouth
‘ﬁeg 4 %0/02 GHJune-l7 June '80/02 | English Chaﬁnel Gt Yarmouth
Leg 5 %#m 78e12l 19 June-30 June 80/01 . S.'NorthbSea Suﬁderland‘
g:izzgnance 30’Jupe—4 July' - - Sunderland
Leg 66 \  Is July_—lG'r July 80/03 |N. North Sea Dundee
Leg 7 &¥Q3 19 July-30 July 80/632 N. North Sea Dundee
Leg 8 . ' 31.July413-Aug '80/03‘. N, Nérth.Sea"' Dundee
Leg 9 \ 15 Aug-zs Aug 80/03 | N. North Sea 3 Dindee
Leg ld' o \q 28 Aug—SVSept 80/03 |N. North Sea Dundee
Leg 11 'go/;'{ | 10 Sept-22 Sebt 80/11 |N. N;:>rth Sea South Shields

Projects 80/01, 80/02.and 80/03 were full regional sdrvefs utilising
‘multi-system seismics together with gravity and magnetics. ~Project

- 80/11 consisted only'oflgravity_and magnetic surveying.




Project- 80/03 described here is one_of'four'geophysical suivey projectS'cpnducted
Llonboard RRS Shackleton in 1980. Similér reports for other projécts are listed:

"below:. -

Project 80/01 " Report No, 103" -

Project 8o0/02 . ' Report -No. 104 =~ -
Project 80/11 Report No. 106
S,
-2-
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INTRODUCTION

This report covers the operation of Project 80/03, a regional geophysical survey

in the northern North Sea. ' s , .

. The primary ohjective was to eomplete a 15km grid between iatieudes 56 and 57 °N
from the SCOttlSh coast to the median llne, covering the Tay—Forth, Marr Bank,
Devil's Hole and Fisher sheets of the IGS 1: 250,000 map serles Secondary
objectives were to survey along the track of a digital sparker line In the
'Flsher/Fortles area whlch had been shot for. IG5 earlier in ‘the year by

Gardline Surveys Ltd and to clarlfy earlier gecphysical work (Pro;ect 79/15,

Report No. 101) in the Bosies Bank/Calthness area.. . , -

The vessel used was the NERC research ship RRS Shackleton which has an overall
‘length of 6lm, beam of 1lm, draught of 4.4m and dieplacement'of 1658 tons.
Geothsieal methods employed were shallow seismic.(sparker, airgun and water-
gun}, high resolution seismic (pinger and boomer), side-scan sonar, gravity and

magnetics.

The senior scientist, geophysical, geologlcal navigation and technical reports
produced for. each leg of the survey, summary lists and 1og sheets on which this
report is based. are held on open file in the Marine Geophysics Unlt,

Instltute of Geologlcal Sc1ences, Murchison House, West Malns Road, Edlnburgh

The authors of ‘the reports for each leg are given in Table 1.
Excellent co—eperation'wae received from the Master, Qfficers and Crew of .

" ‘Shackleton throughout the cruise and a total of 738lkm were surveyed durlng the

65 days dedicated to thls pro:ect

A



NARRATIVE

Leg 6

5-16 July: Sunderland-Dundee

aAfter a five-~ day mid-seascn refit peried the vessel salled from Sunderland on
5 July. Two days were spent testlng equipment and callbratlng the dead-
reckoning input to the satellite nav1gatlon systém whilst sailing north to the
surﬁey area. Thereafter lines 1-11 inclusive,'totalling 1114km weréﬁbompleted
with two breaks for poor weather, the second cutting éhort the leg with no

- useful data acquired after 14 .July.

During the refit the deep tow boomer winch waslmoved to the foredeck, the

boomer being towed from an A-frame on the starboard side. This permitted
simultaneous towing of the Huntec boomer and side-scan sonar. - Usnfortunately,

the towing sheave which haﬁ been fabricated for the boomer proved unsatisfactoiy
and it was landed at Leith on 7 July to undergo modification. Whilst in the

Firth of Forth thé opportunity was taken to run_lihes over the Forth test range
usiﬂg a single_loin3 airgun and a combination of a lOin3 and 4Oin3 airgun. The
single lOin3 gun produced a less doqinant bubble pulse. Survey then commenced
using a lOin3 airgun, 1lkj multielectrode sparker, Edo Western pinger, UDI side- -
‘scan sonar, MS47 transit sonar, echo sounder, gravimeter and magnetometer. The
first spell of poor weather forced the vessel back into the Forth on 9 July when
the modified boomer sheave was collected and a further line over the Forth test
range was carried out using the Sodera,BOin3 watergun. Due to the abseﬁce of a
bubble pulse f;om the watergun this was selected'as the deepef penetration seismic
source for'the’remainder 6f the leg.  The modified boomer sheave proved successful
but unfortunately, afﬁer a short time in use the boomer transducer plate cracked
and the assembly was replaced with the spare. Thus the boomer was not used until
line 9, thereafter giﬁing records superior to the Edc pinger, the ringing haying
less effect in the deeper water. It proved impossible to trim the fish |

completely.

During the refit periéd,the doppler sonar head was changed from the MX600 to the
MX610 and the navigation equlpment mountlng Plynth in the laboratory was replaced,
causing the gyrocompass to be moved. This necessitated the recallbratlon of the

system which was completed without incident over the first few days. Thereafter



satellite dlstrlbutlon was gocd and post proce551ng nav1gat10nal accuracy is

" estimated to be Wlthln lSOm i

The gravity meter operated well, though the cross gyro'was somewhat'noisy, the
results. being good but with few cross-overs. Agreement with previcus surveys
was good apart from the latter part of line 11, where the results were

-
-

approximately 4mGal lower.

The llmlted data acqulred on this leg established a pattern of easteriy

younging rocks with a thick, complex Quaternary sequence in the east.

Leg 7

19-30 July: Dundee-Dundee

The vessel salled from Dundee con 19 July after a tWeeve hour delay caused by the
failure of both sparker generators during in port checks. Lines 12-22
inclusive, totalling 1744km were surveyed with one interruption of 24 hours

(20-21 July). for poor weather.

The equipment configuration was largely the same as durlng leg 6, the only
exception belng the use of a 101n3 airgun instead of the Sodera watergun on most
lines. Over the flrst few days the Huntec boomer flSh was flnely trimmed durlng
traverses between llnes. As thlS was carried out 1t was found that the pltCh '
and roll ‘meters had been indicating with reversed polarity. Thereafter the
boomer records were very good and operation of the Edo Western pinger was
suspended after line 17. Seismic record quality was good throughout'the leg

and reflectors down to 500msec were resolved with the-sparkei and to lsec with
the airgun. ' .

Satelllte coverage was generally good throughout, it being very rare to have

a gap of more than two hours between updated flxes. Post—processzng navxgatlonal

accuracy is again estimated to be within 150m.

Gravity results were again good and over the first two legs of this survey a

mean crosstie of 0.5mGal is obtained based on 40 crossovers.




Seismic reflectors and texturee identified as.Dalradian, Devonian, Carboniferous,
Permian, Tr1a551c, Lower and Upper Cretaceous, Tertlary and Quaternary were
mapped, generally younglng to’ the east. In most cases clear boundaries,
unconformities and faults could be’ resolved, but top Tertiary was difficult to

identify with any degree of certalnty and the nature of the Permian/Triassic

boundary was unclear.

Leg 8 .
" 31 July-13 August: Dundee-Dundee.

. .

The vessel sailed from Dundee on 31 July and, after spending two days conductlng
Huntec boomer trials continued with the regional survey between latitudes 56

and 57°N. Gravity transit lines 23-25 inclusive, totalling 447km were

. completed en route to and from the boomer trials area. Lines 26— 36 1nclu51ve,
totalling l729km of renlonal survey were completed in the main survey area.
During the latter part of the leg the weather generally deteriorated and forced
& 22 hour break in survey on 8/9 August. Data quality was generally good though
the sparker records suffered somewhat from sea conditions during the latter part
of the leg. The ship's auto pilot suffered several breakdowns. during the leg,

one of which precipitated the decision to abandon survey in deterloratlng

weather conditicns.

An ornithologist from the Nature Conservancy Council's Seabirds at Sea Group

accompanied the vessel on this legq.

. A Huntec representative. joined the ship in Dundee to replace the plate in the
boomer transducer which had failed durlng leg 6 and to assess the performance of
the present system. In-port checks showed that the boomer transducer used during
the previous two legs wag giving an output pulse of less than half 1ts orlglnal
amplitude. The repaired transducer was fitted and successful tests carried out

. in an area previously surveyed with a Huntec boomer in 1976. The records were
oomparable_in terms of penetration and resclution, but excessive ringing was
still apparent with the new style plate. The Huntec engineer also fltted a
_modlflcatlon to enable simultaneous use of depth and heave compensation, but
unfortunately, thé heave accelerometer farled before this mode of operatlon

could be tested. The Huntec representative was landed at Montrose on 2 August.




The watergun was used ln breference to the airgun due to absence of a bubble
pulse. On one occasion durlng routine maintenance of the watergun the
solenord valve block was ejected at ballistic speed, shearlng two retainlng
“bolts. -Further detail of this potentially lethal incident is given in the.

“equipment performance summary

Satellite coverage continued to be good throughout the 18@ and.post-processing

navigational accuracy is again estimated to be withinIISOm.

o

_ ) ) _ =
The gravity results were good throughout, the accuracy enhanced by the high

quality navigation resultlng in good definition of the Eotvos curves.
Consrstency of results was good both internally (mean crossover 0. 59mGal) and

with data from 1973 but were approx1mately 4mGal .lower than 1972 data north of
57°N.

" During this leg the CAMAC minilogger underwent its first seé trials. Gravity,
.magnetlc and depth data were logged successfully, but only for a few hours at

a time.

Seismic record quality was generallv good and the results amplified‘the
geclogical patterns of easterly younging rocks established during earlier legs.
The Devonian/Permian contact in the Tay to—Montrcse area was not clear and the
. nature of the Permlan/Tria551c contact was not established on most. lines. The
Cretaceous contacts in most cases were clear and in most lnstances the base
Tertlary could be identified. No clear evidence exists, however, to indicate
the Tertiary/Quaternary contact. The Quaternary sequence to the east is

.

: particularlv complex.

Leg 9 ‘ i
15-26 August: Dundee-Dundee

The vessel sailed from Dundee on 15 August after a twelve hour deley toAcomplete
repairs and ln-port checks on the Huntec boomer system. With one tWelve hour
break for poor weather overnight 17-18 August, lines 37-42 inclusive, totalllng
634km, were completed in the main survey area before poor weather forced a
‘shutdown on 19 August. This completed the survey in the Marr Bank area but

there followed an extended perlod of very poor weather whlch lasted throughout



thejremainder of the leg preventing any further work in the main suxvey area.-

No work was possible until 23 August and from then on- survey was conflned to -

the Tay/Forth coastal area, lines 43-50 1nclusmve, totalling 433kn belng

surveyed.

The watergun firing line connector fai}eé after completing line 40 and whilst

e

repairing this the gun was stripped for maintenance.. This revealed a major

crack in the main shuttle which rendered the watergun unserv1ceable for the

remainder of the season. o ' B

-Navigatioh was generally good and post—érocessing accuracy is again estimated

to be within 150m with the exCeption of the latter part.of line 37. Here an
intermittent fault occurred and navigaﬁion should be treated with caution.
Despite poor weather gravity results continued to he good. Completion of
survey work in the Tay/Forth and Marr Bank areas resulted in RMS crossties

of 1.0mGal (based on 57 values) and O.8mGal (based on 74 values) respectively.

The CAMAC eystem underwent further trials and a iink to the satellite navigation
system was successfully established with navigation data being written to
magnetic tape. The trials over these last two legs have shown it possible

to replace the. functlon of the Decca data logger, exc¢luding the logglng of

Decca Main Chain data, and to log navigation data.

Completicn of the grid on the Marr Bank sheet allowed the solid geology of
the area to be mapped. The boundaries of the Lower Cretaceous were.drawn on
the assumption that it has a lower well-bedded unit, a central massive unit
and an upber'well-bedded unit above ‘which occurs the more weakly-bedded
Upper Cretaceous. The Quaternary geology was examined in some detail but the

stratigraphy was not established.

Leg 10 -

28 August-8 September: Dundee-Dundee

The vessel sailed from Dundee on 28 August with the cbjective of completing the

work in-the main survey area, to run a transit line along the track of a digital




sparker survey completed earlier in the year for IGS by Gardline Sﬁrveys Ltd
and then to survey lines in the Bosies Bank/Caithness area to clarlfy earlier
- geophysical work (Project 79/15, Report No. 10l). “
The first‘objective'was completed.in six days (lines 51-56 inclusive) with

one 24 hour break for poor weather on 30-31 August. The g;ansit line (no. 57)
was then run gibing excellent corfelation; with the,digitel sparker records.
Due to the limited time remaining the proposed progremme could not be carried |
out in the Bosiés Bank area but ten linee {(nos. 58-67 inclusive)'weréirun,

. concentrating towards the end of the leg on one particular geological boundary.

A total of 1280km of regional survey was carried out.

There was no significaﬁt equipment downtime, the only notable failure being
one Huntec boomer transduce? which was replaced by the spare. éeismic records
~were good, particulaxly,the'séa{ker, though the side-scan sonar records over a
known pockmark area (line 57) were rather disappointing. Experiments were made
with a basic 3/4 sec firing cycle causiné the boomer and sparker graphic
records to always prlnt on the same stylus. This resulted in a more even
dlsplay, reduC1ng stylus jltter, the improvement 1n record quality being more
significant for the boomer.

‘ ) _ . . ‘ ‘
Navigation continued to be very good and, again, the post-processing accuracy

is estimated to be within 150m,

Grav1ty results were agaln good and for the Devil's Hole sheet an overall meani

- mistie of O. 7mGal was obtalned based on” 68 crossovers,

In the ﬁain'surﬁey area the seismie data confirmed the complexitygqf the thick
Quaternary sequence in - the eastefn part of the area. .The Aberdeen ground beds
have not been positiﬁely—identifiedlbut.méy be present'aleng some lines. The

chanhelling of the-upper part 0f‘the'séétion was most striking and a number of
major channels were identified w1th shoulder to trough rellef of up to 300m. ‘
One channel group has been traced for over 85km trendlng in a NW—SE dlrectlon.‘
In the Bosies. Bank/Calthness area the feather edge of the folded Palaeocene"

was successfully mapped.

- 10 -




EQUIPMENT PERFORMANCE SUMMARY
The gravity meter, maghetometer, echo sounder, MS47 transrt sonar, airgun
- system and Edo Western- plnger all operated throughout the survey perlod

without significant problems. .

Data logging systems

The power supply to the Decca data logger failed durlng leg 6 and was replaced.
An 1nterm1ttent fault on the 9400 logger causing the tape to w1nd forward
became serious during leg 7. It was ‘cured by adjustment of the beglnnlng and

end of tape optlcal detector assembly.

Satellite navigation system

‘ During leg 6, large, along ‘course, updates were traced to a faulty pitch axis.

' inclinometer which was repaired. With the.lncllnometers off the dead reckoning
accuracy remalned good. This suggested that the contribution made by the
’1nc11nometers is small, WhllSt the errors Caused by thelr incorrect operation
are potentially qulte large. Two faults- occurred durlng leg 9, the first

,belng the failure of an 1ntegrated circuit in the MX200 interface unit resulting
1n radlcally erroneocus thermrstor readings. The second was a poor connectlon

i 1n the MX200/CPU interface cable which resulted in incorrect trmlng. Both
faults were quickly rectified but the second affected navigation on the latter

part of line 37.  The premature rewind of deck 2 experlenced earlrer in season

contlnued intermittently throughout the survey..

Sparker system

Throughout the survey period the sparker operated rellably, the only 51gn1f1cant
problem being the failure of both sparker generators delaylng the start of leg 7
by twelve hours. This was caused by dirty fuel, a considerable amount of

) sedlment enterlng the fuel 1njectlon systems. Thls was cleared by frequent

filter changes and repeated flushlng of the fuel lines.

Sodera watergun

In the early part of the survey the watergun operated reliably and was

considered preferable to the airgun because of the absence of a bubble pulse.

- 11 -




Corrigendum
Page 12 - final paragraph

"Both transducers also suffered from a partial loss of air from the pressure
compensation chamber which had to be reinflated."



o

However, during leg 8 a potentially lethal incident occurred during routine

. maintenance of the gun when the solenoid valve block cover was ejected at

- ballistic speed shearing two;of its retaining bolts. The gun-had been in
continuous, problem-free coperation, excepting routine inspection between

lines, for approximately five days. It was recovered in the normal manner,r
‘all pressure belng released before landing on deck where it remained, de-
pressurised, for an hour before work on it commenced. Onrstrlpping the gun the
solenoid valve block was noticed to be tlght in 1ts mounting and on tapping
with a soft hammer the cover came -off with exp1051ve force. This was
presumably due to a build up of high pressure air in, the solenold hou51ng
caused by leakage past O-ring no. 141, There was absolutely no 1nd1catlon of
the build up of pressure in the solenocid block which should have’ remalned at
.atmospheric pressure. That such a build up could occur at all is a potentially
lethal‘design fault and the manufacturers have .been informed.. A modification
has been made to prevent the recurrence of such.an incident. A c¢roove has

been cut in connector no. 119 and.the leads lengthened so that any pressure

in the houSLng can be bled off before attemptlng to strlp the gun.

During leg.9 the firing lead connector . faiied and on recovering the gun to
rectify this the opportunity was taken to strip the gun for routine maintenance.,
i This reﬁealed cracks in.the main shuttle and the gun was withdrawn from service..
Since this is an- 1ntegral, custom built part of the gun it could not be
replaced at short notlce, thus the watergun was unserv1ceable for the

remainder of the survey.

Huntec boomer

As on Progect 80/01 (report no. 103) the new style boomer transducer proved to

be unrellable and generally dlsapp01nt1ng in overall performance.

' Two transducer assemblles were available and both suffered from cracked plates,
the -first durlng leg 6 and was replaced before the start of leg 8, and the
second durlng leg 10. Both transducers also suffered from a partial loss of

air from the pressure compensatlon chamber which had to be 1nstalled. There was

also a marked reduction ln_output_power from both .transducers after only. a few

~days in operation.

.o~ 12 -




The ringing observed earlier in the season persisted in both transducers,
-however, it was less significant in deeper water and despite the technical

problems a considerable amount of good quality data were acquired.

Side-scan sonar

' The winch was modified to reduce its response time during the refit periogd

at the start'?f the project and thereafter operated satisfactorily throughout.
Only minér technical problems were encountered with the side-scan system.
However, the records whilst useful are generally of only moderate un%ity. The
alternate firing in the dual channel mode'reduceé the horizontal resoiution,
this being further reduced by having to gate out the sparker which produces
serious' acoustic interfe;ence. A modification was made to the transceiver

unit to displéy the start points of the two TVG ramps as an aid to. the setting
up procedure. Throughout the survey the fish appeared to tow with the starboard
side inclined slightly too high resulting in surface returns on the starboard
channel when towed shallow. This also made it extremely difficult to produce

an even display across the full record width in the dual channel mode.

- 13 -




TABLE 1

Personnel on Project 80/03

H =

Leg 6
5-16 July: Sunderland-Dundee
Leg Régort
G A Day ) Senior Scientist
A S Mould ) Navigation
IGS MGU

J R Walker ) Geophysical
J F Derrick) ' B
K Hitchen IGS HCU
J Price ) : Technical
A Cumming) RVS Barry
K Smith ) ‘
D Leachman Emoos Ltd
M Smith IGS MGLU Geological
P R Roberts ' IGS MGU (5-7 July)
Leg 7 .
19-30 July: Dundee-Dundee
M C Tully ) ' Senior Scientist/Geophysical
C P Brett ) . .
J R Walker ) IGS MGU Navigation
R Hemingway)

Cumming ) T Technical

Gallon ) RVS Barry

Strangward)
M Garratt Emoos Ltd
R Owens IGS MGLU Geological
R Price Comap Ltd

- 14 -



Leg 8

31 July-13 August: Dundee-Dundee

{31 July-2 August)

A S Mould )
A Dobinson . ) :
M Glen ) IGS MGU
E J Armstrong)
J F Derrick )
J Bulat IGS HCU
C Paulson )
V

R Recbinson) RVS Barry
M Garratt Emoos Ltd
N G T Fannin 1GS :MGLU
A O'Neill

Council
S Theodolou Huntec Ltd
Leg 9

15-26 August: Dundee-Dundee

M C Tully

Nature Conservancy

M
P
I

[ ]

A AR

Glen
R Roberts )
Williamson)

)
A S Mould )
)

Donato.

Robertson)
Robinson )
Smith }

Leachman

Evané )
McMillan}

IGS MGU

IGS HCU

RVS Barry

Emcos Ltd

- IGS MGLU

- 15 -

Leg_ReEort

Senior Scientist/Névigation
Geophysical (seismic)

Geophysical (gravity)

- h*’f_

Technical

Geological

Senior Scientist/Geophysical
Navigation

Technical

Geclogical




Leg 10

28 August-8 September: Dundee-Dundee

Dobinscon )
P Brett )
R Walker }
R Roberts )
Williamson)
F Derrick )

OH®PMLOD

R Owen

A Cumming)
I Innes )
G White )
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TABLE 3

Corrected Gravity Base Ties

1500

Date . g at ‘ g at berth Meter reading
Day ~ Place & main base corrected. for corrected for | Drift
Time GMT . Berth mGal tidal effects tidal effects mGal
. mGal Meter divs
4,7.80 Sunderland ‘981506.98 981500. 8 12297.8
186 Shear's Quay '
2000 . _
. Bt +0, 2
- 16.7.80 Dundee 981630.7 981632.5 12430.9
198 Camperdown Dock
1840 :
: +0.2
18.7.80 Dundee : 98l1630.7 981632.5 12431.1
200 Camperdown Dock ' :
1755
o ) +1.2
31.7.80 Dundee . 981630.7 - 981632.0 12431.8 )
213 Camperdown Dock .
0850 .
' . ‘ . +1.2
13.8.80 Dundee 981630.7 . 981632.0 12433.0
226 . Camperdown Dock
0950
+0.3
26.8.80 Dundee 981630.7 981632.0 12433.3
239 Camperdown Dock
-1650
: _ . . -0.3
28.8.80 . Dundee 981630.7 981632.0 12433.0
241 . Camperdown Dock
1400 '
. +1.0
8.9.80 Dundee 981630.7 981632.0 12434.0
252 - Camperdown Dock

- 21 -



<}

APPENDIX 1 ’

Equipment Carried

Navigation

1. Magnavox satelllte navigation system 1ntegrated Wlth

MX610/MX6OO doppler sonar and Arma Brown Mk I Mod 5 gyro
compass. ’

] )
2. ' Decca Mk 21 main chain receiver - optional integration

with above.

Gravit

LaCoste and Romberg S755air<sea gravity meter. World Wide land
gravity meter for base ties.

Magnetics

Barringer proton maghetometer - two tow cable/sensor assemblies.

Bathymetry -

Atlas Deso 10 echo sounder with hull mounted transducers (33 and
210KHz) -and Edig 10 dlgltlser unit.

Data logging

1. 'lDecca/IGSrdata logger.

2. Monitor Labs 9400 data logger.

Scnar

1. - Kelvin Hughes MS47 transit sonar - hull mounted, port
scanning.
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2.

UDI AS350 dual channel side'scan.system with catamaran
tow fish, 2500{ tow cable and remote controlled winch.
Recording on an EPC 3200 graphic recorder.

Seismic

1.

Edo Western 248 pinger, 3. SKHz, 10KwW- traﬁsducer in tow fish
assembly. Used with TSS Model 302 swell filter, recording °
on EPC 4600 graphic recorder. : s
Huntec deep tow boomer system w1th remote controlled winch,

two Krohn-hite bandpass fllters, recording on an EPC 4100
graphic recorder. '

EG & G isparker system - up to 5KJ capablllty, one three
element and one nine element spark array, Krohn-hite band- .
pass fllter, TSS Model 307 TVG amplifier, recording on an
EPC 4600 graphic recorder.

pAlr gun. system - Bolt 600B, two guns with standard

(1-40in° ) range of chamber sizes, Krohn-hite bandpass fllter,-

TSS Model 307 TVG amplifier and recordlng on an EPC 4600
graphic recorder.

Sodera Mlca -7 803.n3 water gun recording as for air gun

. system. !

Analogue tape and seismic control system (IGS) 1nc0rporat1ng
a Racal Store 4 tape deck

gydrophcnes

(a)  Huntec ST2.
(b) 'EG & G 265.

(¢) EG & G 263C, 2 off - used with sparker.
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(4) Teledyne 7 channel (10m) —'used with sparker latter
half of season. |

(e) Géomecanique 30m used with air gun.

(f) Geomecahique.SOm'3 section - used with air gun/wéter-

gun.
8. Seismic amplifiers - Bell and Howell, 10 oﬁf;- S
9.. Additional EPC 3200 recorder - hormally used for additional

display of air gun or simultaneous display of air gun and
sparker. ' ‘ '

10. Spare EPC 4600 reccrder;

. 11. Spare Racal Store 4 tape deck.

Miscellaneous

1. Two UDI closed circuit telev131on systems for mOnltorlng
remote w1nches

2. Hewlett Packard 9810 desk top calculator w1th 9862A graph

plotter
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