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INTRODUCTION

This note for file summarises the analysis that has been performed for the Otway development fields to confirm the water handling requirements for the process plant. The note also addresses issues raised by the Joint technical Note received from Government in response to the preliminary Field Development Plan.

RESERVOIR DRIVE MECHANISM
Simulation modelling performed for both the Thylacine and Geographe fields has concluded that the main drive mechanism is depletion drive. Although the fields have both been modelled with infinite edge and bottom aquifers, the combination of structure and extensive minor faulting interpreted from the PSDM seismic means that aquifer response is muted. Figure 1 shows that there is no difference in recovery from either field with or without aquifer, and confirms that the water drive recovery mechanism is very limited.

Water Production WELLS
There are three wells in the development that produce water in the models. The main production would come potentially from the good quality lowest Thylacine reservoir Unit 5 interval in TM-1, where bottom water migrates up towards this crestal producer. In a similar manner the best quality Unit 4 interval in Geographe could also produce potentially significant rates of bottom water, while the Geographe North well, being completed relatively close to the contact, has small volumes of flank water production.

The Thylacine Unit 5 and Geographe Unit 4 intervals could potentially produce thousands of barrels per day of water through these excellent quality sands, and the wells that penetrate these units have been designed with zonal isolation capability for this reason. The Thylacine well will have wireline access from the platform while the Geographe subsea well will be designed with a smart completion for this purpose. Sensitivity analysis has been performed to determine the optimum water shut-off rate for these intervals, to minimise water production while maintaining good reserves recovery. The results are summarised in the tables below and show that there is no benefit from producing at more than 200 b/d of water per interval. The zones should be isolated once significant water production has been confirmed. The results also confirm that there is no rate dependency in these Units, and that this will not be a reservoir management concern.

Table 1:  Field Recovery as a Function of Zonal Isolation Water Rate & Well Production Rate

	Zone shut-off rate
	200 bwpd
	500 bwpd
	1000 bwpd
	2000 bwpd

	Thylacine Unit 5 (TM1 at FTHP potential)
	690 bcf
	690 bcf
	692 bcf
	690 bcf

	Thylacine Unit 5 (TM1 rate limited to 70 mmscfd)
	693 bcf
	686 bcf
	686 bcf
	687 bcf

	Geographe Unit 4
	255 bcf
	257 bcf
	260 bcf
	260 bcf


The Geographe North well produces up to a maximum of 500 b/d water through the poorer quality Unit 1 intervals later in field life. This well, located along the axis of the North block ridge, is relatively close to the GWC compared to other wells and has the potential to produce some flank water from either side. The table below shows that there is some reserves benefit gained from not shutting this well in, and as the water production is predicted to be handled by the facilities design, no shut-in criteria have been applied. If significant water production eventuated from this well, it would most likely quit due to tubing lift die-out, as the relatively low production rates and reservoir pressures late in field life will not lift significant water volumes. 
Table 2:  Geographe North Well Recovery as a Function of Well Water Shut-in Rate

	Well shut-in rate
	200 bwpd
	500 bwpd
	1000 bwpd

	Geographe Unit 4
	38 bcf
	56 bcf
	56 bcf


OTWAY WATER PRODUCTION PROFILE
The overall Otway water production profile has been produced by the HFPT (Hydrocarbon Field Planning Tool software) model, which combines the individual field simulation models with a network model incorporating the plant and compression gas demand and inlet pressures with a pipeline simulator to model the pressure drops back to the wellheads. The Unit 5 and 4 wells above have been modelled with zonal shut-off at 200 bwpd. The expectation water production profile is shown in figure 2, where the timing of the shut-offs for these wells has been marked. The later time water production is from the Geographe North well, with a few b/d from the Thylacine North flank well. The overall development water production comprises a roughly constant 500 bwpd of condensed water with up to 500 bwpd produced water, resulting in an expectation design basis of 1000 bwpd handling requirement. 
SENSITIVITIES
A number of sensitivity simulations have been run to identify scenarios where the expectation water handling design basis might have to be modified. The sensitivities have been run with individual field models, which while not giving identical results to the HFPT model, as field interactions and offtakes are not modelled identically, allows overall comparisons to be easily made.  These are discussed below.

Permeability
Simulation models have been run with significant permeability variations of +/- 2 standard deviations to investigate the impact on the produced water. The changes have been applied in the geological model and carried through the upscaling process into the simulation models. As such, they apply to both horizontal and vertical permeability, and also initial gas saturation and relative permeability. Consequently they truly reflect changes expected from encountering either significantly better or worse reservoir quality. The results are shown in figure 3. It may be seen that in the lower permeability case water is significantly suppressed in both fields. The upside permeability scenario causes earlier breakthrough of water into the Unit 5 TM1 well in Thylacine, which is shut-in; there is no water increase in any other well. In Geographe, the increased permeability causes earlier breakthrough into the Unit 4 producer and an increase in water in the Geographe North well and other intervals of the Cwalt-Deep producer. The Geographe North well is shut-in and the smart completion allows these latter intervals to be shut-in so that overall water production can be controlled. It should be realised that this upside scenario of +2 standard deviations over the whole field is a substantial increase in the reservoir quality expected to be encountered, based on well penetrations to date, and is not considered likely to eventuate.
Faulting

Figure 4 shows the results of sensitivity to fault transmissibility. The fault transmissibilities modelled range from the high to low cases used for the reserves modelling. It may be seen that the effect is to shift the timing of breakthrough into the Unit 4 well in Geographe, and to increase the water rate from the Geographe North well; there is little impact in the Thylacine field. Water rates from Geographe are can be handled by the plant design.
Vertical Permeability
The range of grid block Kv/Kh ratios lies generally between 0.05-0.1. A sensitivity has been made to varying the vertical permeability alone (ie Kv/Kh ratio) by a significant factor of +/- 5. The results are compared to the basecase in figure 5, where it may be seen that there is little change in either field. This is due to the geology, with water movement essentially following bedding planes updip, and moving between layers where fault juxta-position occurs.

Simulation Gridding
Concern was raised in the Joint Technical Note that the 200m x 200m horizontal grids used in the Thylacine simulation might be unable to accurately predict water production rates without local grid refinement around the wellbore. In general, larger grid sizes would be expected to give pessimistic results due to numerical dispersion effects, particularly given the very favourable mobility ratio between gas and water. 

A sensitivity has been run using a local grid refinement around the Unit 5 production interval of TM-1. Figure 6 shows the 100m outer and 50m inner local grid refinement applied to the simulation model. Figure 7 compares the results with the basecase. The local grid refinement sharpens the water breakthrough front by reducing the numerical dispersion, as expected. The timing of the breakthrough isn’t greatly affected however, and the basecase is conservative in that it predicts more overall water production. Gas production volumes from either model are identical. It is concluded that the gridding used in the model is fit for purpose given the significant uncertainties that exist in subsurface parameters such as fault transmissibility and reservoir quality. 
Facilities Basis of Design
The plant facilities have been designed for the total expected water production rate of 1000 b/d. Systems which are relatively easy to expand such as the MEG regeneration facilities have been designed for this capacity, with potential expansion to 2000 bpd when required. Systems which are not easily expanded such as the MEG piggy back line, slugcatcher and condensate flash drum are designed for 2000 bpd. The key component of the system, the offshore MEG line can actually cater for 5000 b/d of water, and the plant could be similarly upgraded if required. This is far in excess of any prediction and provides capacity to handle unforeseen uncertainty in reservoir behaviour. It is concluded that the plant design for water handling is robust against the key subsurface uncertainties modelled in this document. 
FIGURES
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Figure 1  Thylacine and Geographe Sensitivity to Aquifer Strength
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Figure 2  Otway Development Expectation Water Production Forecast
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Figure 3  Sensitivity to Permeability
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Figure 4  Sensitivity to Fault Transmissibility


Figure 5  Sensitivity to Vertical Permeability
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Figure 6  Local grid Refinement applied around TM1 well
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Figure 7  Comparison of Basecase and simulation run with Local grid refinement














































