InSAR ground displacement monitoring on the Surat Basin ALTAM 1 RA

3. AREA OF INTEREST AND IMAGE COVERAGE

The area of interest is located in the Surat Basin, where specific areas given by Australia Pacific LNG are
studied. Figure 1 shows the processed AOI that has a total of 9,320 km”.
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Figure 1: Areas of interest (9,320 km?).

The employed image dataset includes five Radarsat-2 ascending frames. Each frame covers approximately
150 km x 150 km. Figure 2 shows those frames along with the Australia Pacific LNG AOI. The frame labels
correspond to the SBC frame labelling where a total of five Radarsat-2 frames are considered.

As seen, the four frames are grouped into two consecutive ascending frames, as they belong to the same
track. In general terms, a track represents a long strip of data composed of several frames which are
sequentially acquired so it can be considered that each track represents a satellite pass (or equivalently, a
date of measurement). In order to ensure track continuity, frames belonging to the same track present
some overlapping.

Similarly, in order to ensure global coverage, tracks have a small area of overlap between them (even
though they have been acquired on different dates).
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InSAR ground displacement monitoring on the Surat Basin ALTAM 1 RA
5.1. GLOBAL ANALYSIS OF THE RESULTS
Figure 12 shows the mean displacement rate in millimetres per year calculated for the Australia Pacific LNG

areas of interest included in this delivery. A total of 3,805,566 measurement points are presented,
reporting an average density of approximately 408 PS/km2.

Figure 12: General view of mean displacement map of the Australia Pacific LNG AOI.
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Figure 12 shows that the majority of the measurement points show stability (green indicates motion below
8 mm/year). The first important conclusion that can be stated from the map on Figure 12 is that there
appears to be no regional large-scale motion affecting the tenements area for the considered period.
Although many isolated zones with extensions of less than 10 Km and with moderate ground motion
patterns can be identified. Those areas require a deeper and detailed analysis such as the one proposed in
the following section. This global map or the associated shape file containing the points can be used to
identify those areas with motion.

Table 6 summarizes the final number and density of measurement points that this delivery comprises. The
effects of temporal decorrelation and surface changes have an impact on the PS density. Constant
modification of the ground surface due to human activities such as ploughing, irrigation, crop growing and
harvesting will decrease the number of measurement points obtained. This decrease is directly related to
the variation produced in the returned radar wave to the satellite in the repeat passes. Such variations
cause additional fluctuations of a significant noise level in the measurements and it makes it difficult to
retrieve consistent ground motion maps over these areas. A clear example of this PS scarcity is found in the
south eastern part of the monitoring area, where a large number of cultivated fields is present.

PS detected Area covered Density

3,805,566 9320 km? 408 PS/km?>

Table 6: Results of density and coverage.

5.2. IDENTIFIED AREAS WITH MOTION

As with the previous Stage 1 study the results do not show any regional or large scale motion across the
Australia Pacific LNG tenements. However, small and localized uplift or subsidence events have been
identified heterogeneously distributed around the tenements. Most of these small and local motion areas
have been attributed to very shallow geomorphological processes such as variations in water content in soil
due to rain (e.g. swelling clays), or small erosional activity/landslides triggered by rain. Others are related to
changes due to agricultural or construction activity or vegetation growth.

Figure 13 shows selected areas where localized motion was identified and have been highlighted as
examples in this report. Further subsection presents a detailed view of each of these areas with a detailed
map and presentation of the relevant point time series data, allowing assessment of the spatial extent and
the time evolution of the detected ground motion to be completed.
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Figure 13: Mean displacement rate map of the AOI, locating the identified motion areas labelled from A to
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5.2.1. Area A

Figure 14 presents the mean displacement rate of the motion Area A, located at the northwest corner of
the area of interest. Two subsidence areas can be mainly distinguished among it. Figure 15 and Figure 16
show the motion time series of a representative point at each area, reaching more than 40 mm with an
approximated mean annual velocity of 16mm/year.
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Figure 14 : Location and spatial extent of motion area A affected by ground motion.
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Time Series (FRAME1_06196_03223)
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Figure 15 : Detailed time series TS-A1 from area A showing subsidence pattern.
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Figure 16 : Detailed time series TS-A2 from area A showing subsidence pattern reaching more than 40 mm
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5.2.2. AreaB

Figure 17 presents the mean displacement rate of the motion Area B at the northwest section of the
Australia Pacific LNG tenements, in The Spring Gully and Durham Ranch well areas. Figure 18 shows the
distribution of Durham Ranch and Spring gully wells in the area B. In more detail, Figure 19 highlights two
areas of subsidence motion in the Spring gully area.

Time series TS-B1 (between Spring gully #100 and Spring gully #19 wells)
Figure 20, and TS-B2 (between Spring gully #9 and Spring gully #19 wells).

Figure 21, show subsidence. Average mean velocity in TS-B1 corresponds to 16.70 mm/yr, and 10 mm/yr in
the case of TS-B2.

.5

Mean Displacement
Rate (mmlyear)

® >16
® 8-16
@ Stable
’ 8-16

® >16

Uplift*

* Movements in the satellite
line of sight (LOS)
7115000

0

Subsidence*

= : 5 T T T
105000 115000 120000 125000

Figure 17 : Mean displacement rate map of motion area B.
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Figure 19 : Detail of Spring gully wells area and mean displacement rate map.
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Ground Motion {mm)
B

Jul-12 Qet12 Jan-13 Apr13 Jul-13 Qet13 Jan-14 Apr-14 Jul-14 Qet14 Jan-15
Date

Figure 20 : Detailed time series TS-B1 from area B showing subsidence pattern between well #100 and well

#19.
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Figure 21 : Detailed time series TS-B2 from area B showing subsidence pattern between well #19 and well

#9.
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5.2.3. AreaC

Figure 22 shows the mean displacement rate of the motion Area C located in the middle of the Australia
Pacific LNG lease. The most significant subsidence spot is present at the northeast of the area. TS-C1 and

TS-C2 time series, in Figure 23 and Figure 24 respectively, illustrate the subsidence pattern located in that
spot.
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Figure 22 : Mean displacement rate map of motion area C.
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Figure 23 : Detailed time series TS-C1 from area C showing subsidence annual rate of about 15mm/yr.
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Figure 24 : Detailed time series TS-C2 from area C reaching more than 2 cm of accumulated motion along
the whole period of study.
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5.2.4. AreaD

ARG

Figure 25 shows the mean displacement rate map of motion area D where a subsidence spot is well
distinguished. Figure 26 represents the time series TS-D1, corresponding to a point located in the maximum
subsidence area. This shows a linear deformation trend during the whole period of study with an annual

mean displacement of 15.2 mm/yr.

Mean Displacement
Rate (mml/year)

® >16

® 8-16
@ Stable
8-16

Uplift*

* Movements in the satellite

Subsidence*

216000 218000 220000

Figure 25 : Location and spatial extent of motion area D showing subsidence pattern detected.
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Figure 26 : Detailed time series TS-D1 from area C.
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5.2.5. AreaE

Figure 27 shows the mean displacement rate map of motion Area E which is characterized by two main
spots presenting subsidence. Northern area is the most extensive one. Measurements indicate a range of
movements between 7 to more than 12.5 mm/yr. Figure 28 and Figure 29 show the time series of a
representative point at each area, TS-E1 and TS-E2 respectively.
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Figure 27 : Mean displacement rate map of motion area E located south of Area D showing subsidence area
over a well zone.
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Figure 28 : Detailed time series TS-E1.

Time Series (FRAME5_00946_00169)

Ground Maotion {mm)
&

Jul-12 Qet-12 Jan-13 Apr13 Jul-13 Oet13 Jan-14 Apr1d Jul-14 Oct-14 Jan-15
Date

Figure 29 : Detailed time series TS-E2.
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5.2.6. AreaF

Figure 30 shows the mean displacement rate map of motion area F. There, it is observed a significant
extension of subsidence, located at the northeast corner. In general, measurement points indicate
subsidence annual rates of about 7 to 10 mm/yr. Nevertheless, three subareas reaching more than 16
mm/yr are detected. TS-F1 and TS-F2, in figures Figure 31 Figure 32, illustrate the temporal series of a
relevant point for two of these subareas. A general linear displacement trend is observed.
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Figure 30 : Mean displacement rate map of motion area F showing a large subsidence area.

15/05/2015 AI_ORIGIN_D2_REPORT_20150430_011.pdf 30/36



InSAR ground displacement monitoring on the Surat Basin ALTAM 1 RA

Time Series (FRAMES 00585 00351)
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Figure 31 : Detailed time series TS-F1 from area F.
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Figure 32 : Detailed time series TS-F2 from area F.
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5.2.7. Area G

Figure 33 presents the mean displacement rate map of motion area G, the Talinga well sector. This area is
characterized by presenting a general subsidence trend partially extended over the entire area. Mean
displacement rate of these points are about 7 to 10 mm/yr. also some spots of ground motion reaching 16
mm/yr are detected. These spots are mainly located at the east part of the area shown.

Two examples of time series are presented in figures Figure 34 Figure 35. TS-G1 is located close to
monitoring bores and tiltmeters of Talinga area, while TS-G2 is located close to Talinga 81 well.

7026000

7024000

Mean Displacement
Rate (mml/year)

® >16
® 8-16
@ Stable
| 8-16
® >16

Uplift*
ht (LOS)

7022000

* Movements in the satellite
line of si

Subsidence*

A \Wells

A Instrumentation

7020000

T T T
236000 238000 240000 242000 244000 246000

Figure 33 : Mean displacement rate map of motion area G, located at the Talinga well area.
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Figure 34 : Detailed time series TS-G1 from area G.
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Figure 35 : Detailed time series TS-G2 from area G.
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5.2.8. Area H

Figure 36 presents the mean displacement rate map of motion area H, located to the north of Talinga well
sector. There, a subsidence bowl is identified. Figure 37 and Figure 38 show the time series for a pair of
representative points, TS-H1 and TS-H2 respectively.
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Figure 36 : Mean displacement rate map of motion area H, located to the north of the Talinga sector.

15/05/2015 AI_ORIGIN_D2_REPORT_20150430_011.pdf 34/36



InSAR ground displacement monitoring on the Surat Basin ALTAM 1 RA

Time Series (FRAME5 01544 _00666)

Ground Maotion {mm)
Do n -
o

Jul-12 Qct-12 Jan-13 Apr13 Jul-13 Qct13 Jan-14 Apr-14 Jul-14 Oct14 Jan-15
Date

Figure 37 : Detailed time series TS-H1 from area H showing subsidence pattern in a linear surface feature.

Time Series (FRAME5 01636 _00674)
50

30 A

20

Ground Motion {mm)
o

Jul-12 Qct-12 Jan-13 Apr13 Jul-13 Qct13 Jan-14 Apr-14 Jul-14 Oct14 Jan-15
Date

Figure 38 : Detailed time series TS-H2 from area H.

15/05/2015 AI_ORIGIN_D2_REPORT_20150430_011.pdf 35/36



InSAR ground displacement monitoring on the Surat Basin ALTAM 1 RA

6. CONCLUSIONS

GlobalSAR™ methodology has been applied to a stack of 135 Radarsat-2 Extended Wide Swath images over
the QCLNG Area of Interest, covering the period from July 2012 to December 2014. The number of
measurements points obtained is of 3,805,566, which represents a density of 408 PS/Km?. Low density
areas are mainly composed of vegetated and cultivated fields.

The mean displacement rate and the temporal series for each measurement point have been generated.
The AOI presents a general stable behaviour. Nevertheless some subsidence areas have been identified and
described, some of them reaching a magnitude higher than 16 mm/y.

Further analysis is recommended to understand the origin of the ground motion. The analysis of the
correlation of the time series of motion with the ground works information jointly with the knowledge of
the ground geology can help to determine the nature of the detected displacements.
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