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INTRODUCTION

The Marine EM Laboratory of the Scripps Institution of Oceanography plans to carry out studies of the Scarborough
gas field using marine EM methods, supported with funding from BHP Billiton. The main objective of the research is
to demonstrate how marine CSEM works and drive the future development of the method by:

Delivering a calibration data set over a known structure. Scarborough has excellent 3D seismic coverage, in
addition to five exploration and appraisal wells. Such a data set will provide a test-bed for CSEM inversion
methods.

Providing a data set suitable for joint MT/CSEM/Seismic interpretation.

Showing how shallow confounding resistors can be incorporated into the interpretation. Scarborough has
regions of shallow gas and inferred gas hydrate above the reservoir.

Showing that the background resistivity can understood from MT data.

Investigating the ability of CSEM data to differentiate the various qualities of the reservoir.

Other priorities of the research include:
Understanding how to optimize CSEM acquisition geometries and source signatures.
Examining sources of noise and the repeatability of CSEM data collection.
Extending acquisition technologies by including
Long baseline receivers that measure electric field gradients very precisely.
Inclusions of vertical electric and horizontal magnetic data into CSEM.
Towing a pair of fixed-offset 3-axis electric field receivers for all transmitter tows.

Using a dedicated long baseline acoustic navigation system and installing compass/tiltmeters on all
receiver instruments.

To carry out this research we have scheduled time on the Research Vessel Roger Revelle from 20 May to 22 June 2009.
We will supply the following equipment for the project:

40 Mark 111 seafloor electric field recorders, with two axes of horizontal B and three axes of E recording.
10 Mark II seafloor electric field recorders, with two axes of horizontal B and two axes of horizontal E recording.

2 SUESI EM transmitters, with a peak current capability of about 500 amps and GPS controlled waveform,
with 2 topside power units. The transmission antennas will be:

A primary 500 A antenna of 250 m length.
A backup 500 A antenna of 100 m length.
Two 200 A hydrate/shallow gas antennas of 50 m length.
2 Vulcan towed 3-axis electric field recorders with pitch/roll/heading/depth sensors.
2 Long-wire EM (LEM) receivers configured for gradient field measurement.
Anchors for 160 receiver deployments and 7 LEM deployments.
All necessary topside support equipment.
All transmissions will be carried out at a flying height of 50—100 m using a broadband binary waveform (below) with

a 0.25 Hz fundamental frequency and usable bandwidth up to 20 Hz. The project will be carried out in 4 phases of
seafloor receiver deployments and transmitter tows.



PHASE 1.

In the first phase of the experiment we will deploy 50 seafloor receivers along with 2 LEM receivers (at sites 7 and 30)
in two lines across the large, quasi-1D, part of the reservoir. Site spacing on line 1 will be 2000, 1000, and 500 m, with
the densest site spacing across the SE edge of the reservoir. A significant amount of data will be collected off-target.
Sites 51 and 52 will be recovered and redeployed to tie into Phase 2 and to establish repeatability of deployments. Line
1 will be towed a second time (as Line 3), again to test repeatability. Transmitter run-in and run-outs will be 6 km.

PHASE 2.

In the second phase we will recover all Phase 1 instruments and redeploy 51 of them in a grid pattern over the more
3D part of the reservoir structure. Sites 51 and 52 will be redeployments from Phase 1, and sites 95 and 98 will be
LEMs. If there are no instrument losses or failures, we will leave site 39 from Phase 1 deployed to tie into Phase 3.
Site spacing will be 2 km and receiver line spacing will be 2.5-6.0 km. We will transmit along all receiver lines, as
well as along the mid-points between the lines. We will also make 3 crossline tows (more if time permits). This phase
is designed to collect a 3D data set, as well as examine the utility of off-line tows.

Line 8, with the two LEMs, is designed to provide off-target control for Phase 3, which targets the deep Ganymede
structure.

PHASE 3.

For Phase 3 we will recover 20 seafloor receivers and the two LEMs and redeploy over Ganymede at a site spacing
of 1 km over the structure and 2 km for the outer three instruments. If possible, we will leave site 39 from Phase 1
deployed to provide an extra off-target receiver. We will tow Line 12 twice (once in each direction) and carry out two
off-line tows. If time permits we will also tow some cross-line, tying into the instruments remaining from Phase 2.
Sites 108 and 113 will be LEMs, which are specifically designed for this type of target.

PHASE 4.

If time permits, we will finish the survey after recovering all the instruments by deploying 25 seafloor receivers at a
site spacing of 500 m over an area of shallow gas and inferred gas hydrate. At this time we have positioned this line
where the BHP shallow hazards report confirms the existence of shallow gas; if examination of the seismic data shows
gas and hydrate along line 2 from Phase 1, we will carry out the shallow resistors survey along that line instead.

TIME BUDGET

Receiver deployment/recovery times. We have budgeted 45 minutes for receiver deployment. It takes less than 30
minutes to prepare an instrument for deployment, but there will be some significant transits between lines, and it would
be ideal to watch the instruments to the seafloor (about 20 minutes), although for closely spaced stations this can be
done during preparation and deployment of the next instrument. We have also budgeted 45 minutes for recoveries. It
takes about 12 minutes to send a release command and have the burnwire release activate, about 50 minutes for the
instrument to float to the surface, and another 10 minutes or so to recover it and land it on deck. However, for closely
spaced lines of receivers we can have two or three instruments in the water column at once, reducing the recovery time.

LEM deployment times. LEM deployments are more involved than standard receiver deployments, and we are budgeting
5 hours total for each, made up of 1 hour transit to station; 1 hour to deploy the antenna with electrodes; 1 hour to
attach the antenna to the LEM, test systems, and lower into the water; 1 hour to deeptow the LEM to the seafloor
(1500 m at 25 m/minute); 0.6 hour to recover the tow cable after release (1500 m at 40 m/minute); 0.4 hour to recover
the launch system.

SUESI deployment and recovery times. The time to deploy our transmitter includes transit to a starting point 6 nm
from the end of the lines (1.5 hours), 2 hours to prepare and deploy both Vucan receivers, 1 hour to deploy the antenna



with electrodes, and 1 hour to deeptow the instrument to flying height (1,500 m cable at 25 m/minute), for a total of 6.5
hours to deploy SUESI. Recovery is the reverse operation but somewhat faster; 0.8 hour to recover the cable (1,500 m
at 30 m/minute), 1 hour to land SUESI on deck, 1.5 hours to recover the antenna, 1 hour to recover the Vulcans for a
total of 4.3 hours to recover SUESI.

These times are conservative — peak receiver deployment and recovery times on recent cruises have been about 15
minutes each, and the LEM and SUESI deployments should go faster after the initial setup. However, this is a long
cruise (for us) with a lot of work, and so we should plan on setting a sustainable pace.

SUMMARY:

Transit: 770 nm at 11.5 knots = 2.8 days
Deploy 50 Phase 1 receivers at 45 minutes each: 1.6 days
Deploy 2 LEMs at 5 hours each: 0.4 days
Navigate receivers by driving lines (48km + 12km) 3 times at 4 knots: 1 day
Launch SUESI to flying height: 0.3 days
Tow Lines:
Tow line 1 (60km) at 1.5 knots: 0.9 days
1 mile radius turn plus 30km transit to line 2 at 2.0 knots: 0.5 days
Tow line 2 (20km) at 1.5 knots: 0.3 days
1 mile radius turn plus 40km transit to line 1 at 2.0 knots: 0.6 days
Tow line 1 (60km) at 1.5 knots: 0.9 days
Total towing Phase 1: 3.2 days
Recover SUESI: 0.2 day
Recover 52 Phase 1 receivers at 45 minutes each: 1.6 days
Total Phase 1: 8.3 days
Deploy 48 Phase 2 receivers at 45 minutes each: 1.5 days
Deploy 2 LEMs: 0.4 days
Navigate receivers: 1 day
Launch SUESI: 0.3 days
Tow lines:
9 lines at 11 hours each: 99 hours
3 lines at 10 hours each: 30 hours
11 turns at 3 hours each: 33 hours
Total towing Phase 2: 6.7 days
Recover SUESI: 0.2 days
Recover 22 instruments at 45 minutes each: 0.7 days
Total Phase 2: 10.8 days
Deploy 20 Phase 3 receivers at 45 minutes each: 0.6 days
Deploy 2 LEMs: 0.4 days
Navigate receivers: 0.4 days
Deploy SUESI: 0.3 days
Tow line four times (twice on and two flank lines):
Tow line: 13 hours
Turn: 4 hours

Four tows and three turns: 64 hours
Total tow Phase 3: 2.7 days

Recover SUESI: 0.2 days



Recover 52 instruments at 45 minutes: 1.7 days
Total Phase 3: 6.3 days
Deploy 25 instruments: 0.8 day
Navigate receivers: 0.2 day
Tow once: 0.5 day plus 0.3 days = 0.8 days
Recover 25 instruments at 30 minutes each: 0.5 days
Total Optional Phase 4: 2.3 days
Transit: 770 nm at 11.5 knots = 2.8 days
Total operations: 33.3 days (total shiptime available: 33.33 days)



APPENDIX: Coordinates of all sites and lines
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In the following tables all UTM coordinates, taken from the BHP-supplied base map (above), have been converted to

latitudes and longitudes using the the m_map MATLAB routines assuming UTM zone 49 (southern hemisphere) and
the WGS84 ellipsoid.
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.985
.106
.226
.347
.468
.589
.710
.831
.952
.073
.194
.314
.435
.556
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12a beg
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Easting Northing

762215
707402
721500
733500
728500
743500
727358
742358
732154
747154
730327
745327
726216
741216
725074
740074
723932
738932
721192
736192
718451
733451
748635
723970
745635
720970
742635
717970
711254
730254
712852
731852
709655
728655
722076
728367

7783294
7807698
7788358
7809142
7800482
7826463
7800990
7826971
7798855
7824836
7799669
7825649
7801499
7827480
7802007
7827988
7802516
7828496
7803736
7829717
7804956
7830937
7815467
7826449
7810271
7821253
7805075
7816057
7799452
7832360
7798740
7831649
7800163
7833072
7796241
7809306

Latitude
(decimal)
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02945
81570
98881
79972
87851
64211
87406
63766
89277
65635
88565
64923
86960
63321
86514
62876
86068
62430
84997
61361
83926
60292
74075
64454
78805
69180
83534
73906
88976
59044
89602
59668
88351
58419
91755
79885

LINES

Longitude

(decimal)
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113
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113

113
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113

113
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.50656
112.
113.
.22896
113.
.32210
113.
.31115
113.
.35714
113.
.33962
113.
.30020
113.
.28925
113.
.27831
113.
.25204
113.
.22577
.37251
113.
.34458
113.
.31665
113.
113.
113.
113.
.21045
113.
113.
113.
113.

98011
11696

18233

17136

21741

19987

16040

14944

13848

11217

08587

13595

10797

07997
01781
19513
03315

00246
17981
12152
17996

Latitude
(Deg., Min.)
-20 1.767
-19 48.942
-19 59.329
-19 47.983
-19 52.711
-19 38.527
-19 52.443
-19 38.260
-19 53.566
-19 39.381
-19 53.139
-19 38.954
-19 52.176
-19 37.992
-19 51.908
-19 37.725
-19 51.641
-19 37.458
-19 50.998
-19 36.817
-19 50.356
-19 36.175
-19 44,445
-19 38.672
-19 47.283
-19 41.508
-19 50.120
-19 44,344
-19 53.386
-19 35.426
-19 53.761
-19 35.801
-19 53.010
-19 35.052
-19 55.053
-19 47.931

Longitude
(Deg., Min.)
113 30.393
112 58.807
113 7.018
113 13.738
113 10.940
113 19.326
113 10.282
113 18.669
113 13.045
113 21.428
113 11.992
113 20.377
113 9.624
113 18.012
113 8.966
113 17.355
113 8.309
113 16.698
113 6.730
113 15.122
113 5.152
113 13.546
113 22.350
113 8.157
113 20.675
113 6.478
113 18.999
113 4.798
113 1.068
113 11.708
113 1.989
113 12.627
113 0.148
113 10.788
113 7.291
113 10.798



