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ABSTRACT

The China National Offshore Oil Company, Atlantic Richfield Company, and Santa Fe Minerals Asia have been
jointly exploring in the Ying Ge Hai area, a 9,039 km? block south of Hainan Island in the South China Sea, since
1979. Dirilling began in early 1983, and a significant discovery was made in mid-1983 and confirmed in 1984.

An advanced seismic acquisition system has been used to yield high resolution and deep penetration data capable
of defining stratigraphic as well as structural traps. The system has 240 traces, on-line demultiplexing, a 2,400 m to
3,600 m cable, 10 to 15 m group intervals and a high-volume-tuned airgun array. Computer-assisted acoustic quality
control is used on board to minimize noise.

Seismic processing parameters are determined after wavelet and resolution testing. The migrated stacked section
is supplemented by color-attribute processing (such as pseudo-interval velocity and phase); depth conversion and RAP*
processing have been especially helpful in stratigraphic seismic interpretation. Seismic attribute displays are calibrated
with well log data. For testing, some data were subjected to 60-, 80-, or 120-fold processing with either a 2 or 4 ms
sample rate. Measured far-field signature was used in deconvolution.

Vertical seismic profile logging allows a direct tie from the geological well logs to surface seismic. All well logs,
seismic, and potential-field data are computerized in a data-base management system. Time, velocity, depth and thick-
ness maps for both local prospects and regional prospects are routinely generated to assist the explorationists. Geologi-
cal and geophysical modeling have helped to define well locations.

Using advanced interpretation and display techniques, such as computer grid residuals, bandpass filtering, and
RAMTEK color displays, gravity and magnetic data anomalies have been closely tied to seismically derived trends.

INTRODUCTION invited to acquire seismic data and to make an explora-

tion evaluation of a large contract area offshore from
Atlantic Richfield Company (ARCO) has been Hainan Island in the northwest portion of the South
interested in the hydrocarbon potential of the South China Sea (Figure 1).

China Sea for several years. In 1978, ARCO was Regional seismic, gravity, magnetic, and geologic

+Previous address: ARCO, Zhanjiang, China.

*The technology of several contractors will be shown and discussed in this paper. The processes or systems asterisked throughout this report are
proprietary, patented, and copyrighted. The process or system names and their ownership are listed in the Appendix.
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Figure 1. Map showing the Ying Ge Hai contract area,
China.

surveys were done in 1979. Geophysical data were
acquired, processed and interpreted by a team of
explorationists from various ARCO companies and from
the China National Offshore Oil Company (CNOOC). A
comprehensive report was presented to CNOOC manage-
ment in 1980. A contract was signed in September 1982
between ARCO China Inc. (ACI), CNOOC, and Santa
Fe Minerals Asia to develop the Ying Ge Hai block,
which covers an area of 2,233,567 acres (3,490 mi%;
9,039 kmz), south of Hainan Island. ARCO China Inc.
is the operator for the partners.

An operations office was set up in Zhanjiang in
southwestern Guangdong Province, and drilling began in
January 1983; detailed seismic work was done in the
spring of 1983. A gas/condensate discovery was made
during the summer of 1983; the discovery was confirmed
by delineation drilling in mid-1984. Additional seismic
data were acquired in the spring of 1984 and more are
being acquired in 1985. ARCO continues to drill in the
Ying Ge Hai area.

Early in the exploration of the block, ACI and
Nanhai West Oil Company (NHWOC) realized that both
structural and stratigraphic traps were possible. This
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contributed to a decision to use state-of-the-art technol-
ogy in the exploration of the area. Today we have an
integrated exploration process that utilizes computer
data-base technology designed to evaluate fully the
structural- and stratigraphic-trap potential of the Ying Ge
Hai area.

The Ying Ge Hai block is a geologically varied
area with sediments of Oligocene to Holocene age. The
sedimentary section is from approximately 1,350 m
(4,000 ft) to 12,000 m (36,000 ft) thick. There are six
major geologic trends in the Ying Ge Hai area, and
many apparent structural and stratigraphic traps are visi-
ble on the seismic data.

GEOPHYSICAL DATA ACQUISITION

By the end of 1984, NHWOC and Santa Fe
Minerals have acquired approximately 14,300 km of
seismic data and 10,000 km of gravity and magnetic
data in the ARCO contract area. A summary of the
parameters for seismic data acquisition in 1979 and
1983/84 are given in Table 1. In late 1982, an ACI and
NHWOC task force decided on new parameters and a
recording system to maximize penetration and resolution.
An entirely new acquisition system was fielded in 1983,
and advanced quality control equipment was added to
monitor data quality and to improve the incoming data
as the survey was underway.

Data acquisition in 1983 and 1984 utilized the
CHINA-GECO Alpha. New systems were put on board

the Alpha to accomplish deep penetration and high reso-
lution seismic surveys. Special note should be taken of
the 240-trace charge-coupled GECO cable, the high-
energy airgun source, the comprehensive extended data
header, and the on-line NORSK DATA* demultiplex
system.

The CHINA-GECO Alpha is well suited for high
technology operations. It is 91 m long, 15 m wide and
has a gross tonnage of 2,908. The Alpha has a large
amount of operational onboard room that enabled ARCO
to install much equipment not normally available on
smaller vessels. The Alpha has a 19-m wide heliport
that allowed large helicopters to land and to transfer per-
sonnel, provisions, equipment, and tapes to the vessel
while at sea. The Alpha can stay at sea for over 60
days, thus reducing port-call cost. Large airgun
compressor capacity allowed greater than 3,000 in3
volume operation with less than 10 seconds between
impulses. The air pressure was 2,000 psi.

The GECO 240-trace charge-coupled cable allows
group spacing as close as 2.5 m. ARCO used 10-m and
15-m spacing. The cable exhibits very low noise
characteristics under tow. The cable reel is located
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Table 1. Seismic Data Acquisition Parameters, Ying Ge Hai Area.

Parameter 1979 1983/84
Energy Source Airguns Airguns
Volume 1,760 in 3,101 in’
No. Guns 27 27
Gun Depth 9m 8 m
Firing Interval 25 m 20-30 m
SP Interval 25 m 20-30 m
Cable Length 2,375 m 2,400 to 3,600 m
No. Traces 96 240
Cable Depth 12 m 8 m
Group Interval 125 m 10 to 15 m
Geophones/Group 15 24
System 1-DFSV 2-DFSV
Demultiplex Online | No Yes
Format SEG-B (1,600 bpi) | SEG-D (6,250 bpi)
Effective Fold 48 60 to 120
Sample Rate 2 ms 2 ms

above a spare cable and repair shop deck. The cable
can be lowered out of the weather for repairs, if neces-
sary.

The NORSK DATA* on-line demultiplex system
utilizes high-density tape drives and yields a 240-trace
sequential output. This output can be plotted and used
for quality control evaluation beyond that available on a
conventional seismic vessel. The resulting onboard data
are in a format similar to processed data and can be
readily analyzed by ARCO Exploration Company
onboard quality-control personnel to upgrade data-
acquisition parameters during recording. Data are
demultiplexed in ‘‘real time’’ and output to tape in 240-
trace sequential mode at 6,250 bpi. This procedure
results in 1,500 km of 240-trace, 2-ms sample data
requiring less than 1,200 tape reels. Editing can be done
during the demultiplexing step using the menu-driven
NORSK-DATA* computer keyboard. The system has
up to 32 megabytes of memory and an attached TRI-
LOG plotter to display traces for quality control. It is
estimated that the GECO on-line demultiplex system
results in a net cost savings of 15% due to reduced pro-
cessing center time and also allows considerable quality
improvement while recording.
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The CHINA-GECO Alpha has GECO airgun
source and cable control systems that allow monitoring
of an extraordinary amount of geophysical parameters
during operations. ARCO Exploration Company
quality-control supervisors utilize proprietary computer
systems to monitor mechanical systems on board the
vessel as well as the systems deployed behind the vessel.
The ARCO/GECO source system consists of 27 airguns
in 6 amays yielding 3,101 in® of capacity. This
translates to approximately 60 bar-meters of energy.
The signal is sharp and has produced the high resolution,
deep penetration profiles it was designed for. The
GECO gun deployment and enclosed gun-to-cable sys-
tems result in a great reduction in gun-caused downtime
that is common in a conventional system.

After close cooperation between ARCO/NHWOC
and GECO technical experts during start-up operations,
the Alpha became a quiet geophysical platform allowing
high signal-to-noise ratio data to be recorded. The
ARCO quality-control computers were interfaced into
major onboard mechanical systems, and noise-frequency
spectra and amplitude were analyzed. Mechanical Sys-
tems were “‘fine-tuned’’ to produce the lowest amount of
noise possible along the cable.
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Figure 2. Onboard quality-control data-analysis charts.

446
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Prior to field operations, the source signature,
cable, and recording system response were simulated on
ARCO computers allowing a match of the best com-
ponents in the acquisition-parameter configuration. Dur-
ing recording, the field system closely approximated the
computer simulation. The onboard quality-control moni-
toring by an ARCO acoustic engineer allowed sophisti-
cated tuning of the system to best fit the area of opera-
tions.

Examples of the types of data analyzed by the
ARCO acoustics engineers with the onboard computer
are shown in Figure 2. The computer interfaced to the
Alpha was a Scientific Atlanta Spectrum Analyzer.
When data from this system are analyzed, the rpm of
various machines and the pitch of the propeller can be

Table 2. Printout Model of Extended Header Recording
System Aboard the CHINA-GECO M/V Alpha.

Day

Time

Location (lat/long)
Shotpoint
DFSI/DFSII record

Speed

Gyro headings
Water depth
DFSI reel no.
DFSII reel no.

Shotpoint spacing
Antenna/source distance
Airgun volume

Array spacing

DSS system output (volts/bar)

Tail buoy bearing

Tail buoy range

Digicourse streamer depth (at each group)
Digicourse streamer heading (at each compass)
Gun depth (at each array)

Manifold pressure

Gun control system status - current

Gun control system status - history

NOTES:

Extended header automatically prints out data at
every 40 shot points, but is available at each shot
point.

Extended header is useful onboard, but is invaluble to
the processing geophysicist.
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adjusted to lower the power of noise peaks at certain
critical frequencies. The Alpha mechanical system is
““fine-tuned’” by this method in order to allow for a high
signal-to-noise ratio.

The GECO extended-tape header-recorded on-shot
files are very useful in onboard quality control as well as
in the processing center. If there are problems with
lines or shots, they are generally obvious on the
extended header. Table 2 shows information on this
header. These data are automatically printed out every
40 shot points and are then included in the tape ship-
ment to the processing center.

For 1983 seismic data gathering, well-site surveys,
and rig moves, ACI and Nanhai-Geomex Surveys
designed an ARGO/Syledis-B* navigation net especially
oriented for use in the Ying Ge Hai area. The
ARGO/Syledis-B*  radio-positioning  systems  are
integrated on the same tower but isolated from each
other.

ARGO is the primary navigation system. Syledis-
B (with boosters) is a medium range system used as a
calibration for the ARGO. This integrated system per-

formed well, depending on the atmospheric conditions
and distance from shore. In 1984, ACI and Nanhai
Racal made several improvements to the system.
Shore-based stations were installed permanently, and an
extensive ground plane was established at each location.
In 1985, a switch was made to ARGO/MAXIRAN.

GEOPHYSICAL DATA PROCESSING

Acquiring seismic data using the best available
technology is only the start of the geophysical data
evaluation process. Production data processing must
make full use of the raw data. In order best to use the
data, ACI and NHWOC conducted extensive test pro-
cessing in 1983 and 1984.

The data were processed by Western Geophysical
Company in Denver, Colorado in 1983 and by the Geo-
physical Research Institute and Western Geophysical at
Zhuoxian, PRC in 1984. The same software was used
both years with some moderate upgrades being utilized
in 1984. A summary of the testing sequence is shown in
Table 3.

Production processing consists of source-signature
deconvolution, velocity analysis, stacking, and F-D
migration of the data. The sequence used for production
processing is shown in Table 4. Processing was done
entirely in the true-amplitude mode to allow the max-
imum amount of lithologic information to appear in the
final processed data.

The signal-to-noise ratio of the 1983/84/85 data is
very high. The frequency content is also high with 80
cps at 3.0 seconds not unusual. After testing, it was
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Table 3. Data-processing Testing Sequence, Ying Ge Hai Area.

Sampling

240 traces
120 Adjacent Trace Sum®*

2 ms sample rate
4 ms sample rate

4-2 ms supersample”
Deconvolution

Signature decon

Spike decon (various gaps)
DBS + DAS
Signature/Spike DBS*

Stack

Offset stack

Beam Steering
Weighted-offstack

Normal stack (60, 120, 160 fold)*
Multi-channel Coherent Noise Filter

Before stack
After stack (various trace windows)*

Migration

F-K migration
Kirchoff migration (used on some lines)
F-D migration®

Bandpass Filtering
Time varying filter
Filter panels

Fan filter
Radial predictive filter

Time invariant filter (6-80)*

Time Variant Gain
RMS gain

Peaks gain
RMS/peak gain after stack”

Other
Time var. spectral whitening

Mixing of shallow section
Depth Conversion

(before and after stack)

Before migration
After migration®

*Final parameter used

decided that the raw data could be processed with a 4
ms sample rate and then ‘‘supersampled” back to 2 ms
in final display with little or no reduction in data fre-
quency content. Extensive testing of 2 and 4 ms pro-
cessed data has proven this concept to be true in the
Ying Ge Hai area. Apparently, frequencies above 62.5
cps are retained in 4 ms processed data due to a high
signal-to-noise ratio. Ying Ge Hai data do not generally
have a strong noise aspect, partially as a result of
acquisition quality control.

Processing is done using signature deconvolution.
This source/array signature was recorded using digital
sonobuoys during the acquisition phase. Source signa-
ture information is far-field, meaning that it was
recorded in deep water using exactly the same field sys-
tem with which the actual data were recorded. This
method results in a close tie between the seismic field
data and the VSP data from the wells.
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POST-PRODUCTION PROCESSING

The term ‘‘post-production processing’’ is applied
to the processing that was done beyond the time-
migration stage. The purpose of this additional process-
ing is to extract the maximum amount of structural and
stratigraphic exploration information from the seismic
data.

Relative Amplitude Processing (RAP¥) is done on
each line in both polarities. ARCO processing pro-
cedures specify the RAP* mode from the initial process-
ing step with the sections gained up in final display
only. RAP* sections are particularly useful in areas
where there are lateral changes in lithology and/or den-
sity, such as in the Ying Ge Hai area.

Depth processing is done on a three-dimensional
(3-D) basis. Velocity analyses are run every 1to 2 km
on all lines. All velocity data are then input by tape to

























































