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SUMMARY

Fracture analysis was carried out on the FMS image data acquired from the Palm
Valley-10 well over the interval 2138-1451m, and Palm Valley-10a well over the
interval 2334m-1451m.

A total of 201 fractures was identified within the Palm Valley-10 section but only
72 fractures from the Palm Valley-10a section. This disparity in fracture density
reflects the poor data quality in the Palm Valley-10a well and not geology.

Most of these fractures are interpreted to be partly open. The next most common
fracture type are those interpreted to be closed. About one dozen open fractures
are interpreted for each well.

Overall the fractures within the Palm Valley-10 well have a mean dip magnitude
of 88° towards an azimuth of 166°. Those in the Palm Valley-10a well show have
a mean dip magnitude of 76° towards an azimuth of 186°. The open fractures in
both wells show a mean dip magnitude of 82° towards an azimuth of 174°.

The mean fracture aperture for both wells computes to be 0.043mm.



1. INTRODUCTION

The Formation MicroScanner Tool was run in the Magellan Petroleum Palm
Valley-10 well over the interval 2138-1451m on the 31st of December 1994, and, in
the Palm Valley-10a well over the interval 2334m-1451m on the 4th of February

1995.

This report summarizes the location, orientation and aperture of the various
types of fractures intersected by the two wells, based on the FMS images. The
main findings of an interpretation of the Palm Valley-10 well by Roestenburg
dated 2 January 1995 are also incorporated in this report.

The EMS is a 4 pad micro-resistivity sonde, each pad carrying a dense, 16-
electrode array. In operation the 4 pads are pushed against the borehole wall as
the tool is pulled up the hole and the electrode array is used to record a resistivity
map of the borehole wall. When the FMS resistivity data is appropriately scaled,
coloured and coupled with the inclinometry data, oriented resistivity images of
borehole wall can be generated with a resolution of approximately 5 mm.

In the Palm Valley-10 & 10A wells, the FMS data was processed to provide
STATIC NORMALISED, DYNAMIC NORMALISED and FMSCAL borehole
images suitable for interactive interpretation using the Image Examiner
workstation.

FMS image processing options are described in detail by Serra (1989). For this
study, the DYNAMIC images were used for a detailed characterization of the dip
orientation and magnitude of the fractures in the logged interval. The STATIC
images were used as a guide to the continuous vs. discontinuous nature of the
fractures and the FMSCAL images were used to compute the apparent fracture
aperture following the work of Luthi et al. (1990) and Cheung (1990).



2. EFMS IMAGE ANALYSIS

Enclosure 1 shows the detailed FMS image interpretation of the Palm Valley-10
well at 1:40 scale. Images at left are the Static images and those on the right with
the colour coded fracture sine wave overlay are the Dynamic images. Enclosure 2
details the interpretation of the Palm Valley-10a well in the same manner.

Numerous fractures recognized in these wells show a conductive (black)
electrical signature all the way around the borehole wall, i.e. the fracture trace is
black and evident on all four pads of the FMS tool. These fracture types were
termed Continuous ( and conductive) fractures and colour coded red. It is
thought that they reflect continuous, open fractures penetrated by the bit.

Most of the fractures in the wells are interpreted to be discontinuous around the
borehole, i.e. the fracture trace is only evident on 2 or 3 of the FMS pads. These
types of fractures were termed Discontinuous fractures and colour coded yellow.
It is thought that they reflect discontinuous, or partly open fractures penetrated
by the bit.

Resistive fractures (white fracture traces) together with minor, discontinuous
fractures that were evident on only part of some pads were lumped together and
colour coded cyan. It is thought these types of fractures are effectively closed at
the borehole but may well have an open habit away from the borehole. Faults
were not evident from these FMS images.

The FMS image quality for the Palm Valley-10 well is very good to excellent
throughout most of the logged interval (2138-1451m). A total of 201 fractures
were identified and their orientations are summarized as a whole and for their
different types in Figure 1 (Wulff plots) and Figure 2 (Strike plots). Enclosure 3
displays the various fracture types in terms of tadpole with depth, Enclosure 4
shows the same data in terms of azimuth with depth and Enclosure 5 shows a
dip and strike plot representation with depth.

The Palm Valley-10a FMS image quality has, for some large intervals, been
adversely effected “sticky hole” conditions. Sticky hole results in erratic sonde
speeds which tends to “blur” the borehole images. For the Palm Valley-10a data
set, processing options that use various weighted combinations of cable speed
and button-to-button correction were trialled in order to produce the best possible
image data. Despite this, some intervals still remain un-interpretable. A total of
72 fractures were identified and their orientations are summarized as a whole
and for their different types in Figure 3 (Wulff plots) and Figure 4 (Strike plots).
Enclosure 6 displays the various fracture types in terms of tadpole with depth,
Enclosure 7 shows the same data in terms of azimuth with depth and Enclosure 8
shows a dip and strike plot representation with depth.



3. FMS FRACTUKE TRENDS

Figure 3 shows that the 201 fractures interpreted in the Palm Valley-10 well have
a mean dip magnitude of 88° towards an azimuth of 166°.

Only 12 of these fractures were classified as being Continuous (red) and their
mean dip magnitude is 82° towards an azimuth of 174°. The majority of the
fractures (122) are classified as being Discontinuous (yellow) and their mean dip

orientation dominates the overall trend. A substantial number (67) of

resistive/minor fractures are evident and they show a mean dip magnitude of
slightly less than 90°, again towards an azimuth of 166°. While the continuous
fractures interpreted in this well statistically show a slightly flatter, more
southerly dip trend, it is probable that there is only one fracture set is present in
the logged interval.

Figure 3 shows that the 72 fractures interpreted in the Palm Valley-10a well have
a mean dip magnitude of 76° towards an azimuth of 186°.

Ten of these fractures were classified as being Continuous and their mean dip
magnitude is 82° towards an azimuth of 174°, i.e. exactly the same orientation as
that of the Palm Valley-10 well. Again the majority of the fractures (44) in the
logged interval are classified as being Discontinuous and their mean orientation
is 74° towards 189°.

A total of 18 fractures were also classified as being resistive/minor fractures and
they show a mean orientation of 77° towards 190°.

Generally, the fractures interpreted in the Palm Valley-10a well show more
scatter in their orientation trends than those in the Palm Valley-10 well fractures.
It is thought that most of this scatter reflects the differences in the data quality
rather than some geological differentiation.

4. EFMS FRACTURE APERTURE

As described by Cheung et. al. (1990) FracView uses the FMS conductivity
response in an open fracture, along with the conductivity of the fluid filling that
open fracture to compute the fracture aperture.

Enclosures 9 and 10 show the apparent fracture aperture computed from all
interpreted fractures for the 2 wells. For both wells, the fracture aperture
computes to be within the range 0.005-0.400mm, and have a mean of 0.043mm.
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FMS RESULTS

PV-10 PV-10A
Image Quality Very Good *Generally Poor
Number of Fractures 201 72
Mean Dip/Azimuth (No.)
- All Fractures 88°/166° (201) 76°/186° (72)
- Open 82°/174° (12) 82°/174° (10)
- Partly Open 88°/166° (122) 74°/189° (44)
- Closed 90°/166° (67) 77°/190° (18)

Aperture: for both wells computes within the range
0.005-0.4 mm, with a mean of 0.043 mm.

PV-10A Fracture orientations show more scatter. Considered
this is reflection of data quality.

(‘Image Quality Adversely effected by erratic sonde speed in high
angle hole, blurred images).
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W FracView Figure 1A

WELL : PALM VALLEY #10
CLIENT : MAGELLAN PETROLEUM
FIELD : PALM VALLEY

DATE : Fri 17 Feb 1995 € 15:48

Wulff Stereonet

(Upper Hemisphere)
Poles to planes

Ref : True
~ 201 samples *
Z : A1l fractures

A1l fractures :
& 88.0 / 166

|4 Mean ordent. : dip / azimuth

Wulff Stereonet

(Upper Hemisphere)
Poles to planes

Ref : True
~ 12 samples *
. |® : Cont. frac.

Cont. frac. :
- 81.5 / 174

|4 Mean orient. : dip / azimuth
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FracView

Figure 1B

WELL : PALM VALLEY #10
CLIENT  : MAGELLAN PETROLEUM
FIELD : PALM VALLEY
DATE : Fri 17 Feb 1995 @ 15:48
Top : 1398.0 m N Wulff Stereonet

Bottom : 2148.2 m

(Upper Hemisphere)
Poles to planes

Ref : True
~ 122 samples ~
& : Discon. frac.

Discon. frac. :
w 87.7 / 166

4 Mean orient. : dip / azimuth

Top : 1398.0 w N

Bottom : 2148.2 w

Wulff Stereonet

(Upper Hemisphere)
Poles to planes

Ref : True
~ 67 samples ™
g : Minor/resist. frac.

Minor/resist. frac. :
= 89.7 / 166

4 Mean oriemt. : dip / azimuth
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WELL : PALM VALLEY #10
CLIENT : MAGELLAN PETROLEUM
FIELD : PALM VALLEY
DATE : Fri 17 Feb 1995 @ 15:52
Top : 1398.0 m N Strike Histogram

Bottom : 2148.2 wm S

Ref : True
~ 201 samples ™

: A1l fractures

Top : 1398.0 m i

Bottom : 2148.2 m 8

Strike Histogram

Ref : True
~ 12 samples *

: Cont. frac.
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FracView

Figure 2B

WELL PALM VALLEY #10
CLIENT : MAGELLAN PETROLEUM
FIELD : PALM VALLEY
DATE Fri 17 Feb 1995 @ 15:52
Top : 1398.0 m N : Strike Histogram

Bottom : 2148.2 w 5

Ref : True
~ 122 samples ~

& : Discon. frac.

Top : 1398.0

Bottom : 2148.2 w S.

Strike Histogram

Ref : True
~ B7 samples *

@ : Minor/resist. frac.




T rracviaw Figure 3A
WELL : PALM VALLEY #10A
CLIENT  : MAGELLAN PETROLEUM
FIELD : PALM VALLEY
DATE : Fri 17 Feb 1995 @ 17:14
Top : 1420.4 » N Wulff Stereonet

Bottom : 2334.0 m el

(Upper Hemisphere)
Poles to planes

Ref : True
~ 72 samples *
B : All fractures

All fractures :
- 76.0 / 186

|4 Mean orient. : dip / azimuth

Top : 1420.4 » .

Wulff Stereonet

(Upper Hemisphere)
Poles to planes

Ref : True
~ 10 samples ~

18 : Cont. frac.

Cont. frac. :
= 81.8 / 174

4 Mean orient. : dip / azimuth
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: PALM VALLEY H#10A

Figure 3B

CLIENT : MAGELLAN PETROLEUM
FIELD : PALM VALLEY
DATE : Fri 17 Feb 1995 @ 17:14

N Wulff Stereonet

Top : 1420.4 m

|- Mean orient. : dip / azimuth

(Upper Hemisphere)
Poles to planes

Ref : True
~ 44 samples ~
& : Discon. frac.

Discon. frac. :
# 74.1 /7 189

Minor/resist. frac. :

Wulff Stereonet

(Upper Hemisphere)
Poles to planes

Ref : True
~ 18 samples *
@ : Minor/resist. frac.

- 77.2 / 190

4 Mean orient. : dip / azimuth




I Fraciaw

Figure 4A

WELL : PALM VALLEY #10A
CLIENT  : MAGELLAN PETROLEUM
FIELD : PALM VALLEY
DATE : Fri 17 Feb 1995 @ 17:17
Top : 1420.4 m N Strike Histogram

Bottom

: 2334.0 w S

Ref : True
~ 72 samples *

8 : All fractures

Bottom

Top : 1420.4 m i

: 2334.0 m S

Strike Histogram

Ref : True
~ 10 samples *

B : Cont. frac.




m FracView Figure 4B
WELL : PALM VALLEY #10A
CLIENT : MAGELLAN PETROLEUM
FIELD : PALM VALLEY
DATE : Fri 17 Feb 1995 @ 17:17
Top : 1420.4 w N Strike Histogram

Bottom : 2334.0 w .

Ref : True
~ 44 samples *

| = : Discon. frac.

Bottom : 2334.0 w S

Strike Histogram

Ref : True
~ 18 samples *

|m : Minor/resist. frac.
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