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Formation water resistivities in the upper Eastern
View Group, Bass Basin

by PW. Baillie

Abstract

A regional study of salinity patterns in Eocene sands of the
Bass Basin has shown that salinity tends to decrease with
depth, possibly related to a decreasing sand/shale ratio down
through the Eocene section.

INTRODUCTION

The purpose of this report is to present the results of a pilot
study to determine geological information from conventional
wireline log data using a Macintosh microcomputer and
MacLog® software. The study investigated regional patterns
of water salinity in the Eocene upper Eastern View Group of
the Bass Basin.

The Bass Basin, a Late Mesozoic—Cainozoic intracratonic
basin trending northwest—southeast between Victoria and
northern Tasmania, has an area of approximately 65 000 km*,
and is almost entirely covered by the waters of Bass Strait,
mostly between 30 and 90 m deep. Basin-fill consists of up to
16 km of non-marine and marine sediments and volcanics
ranging in age from Late Jurassic(?) to Recent (Robinson,
1974; Brown, 1976; Williamson et al., 1985, 1987; Smith,
1986).

The main stratigraphic units in the basin are the Upper
Jurassic(?)-Lower Cretaceous non-marine Otway Group, the
Upper Cretaceous—Upper Eocene non-marine, marginal
marine and marine Eastemn View Group, the Upper Eocene
marginal-marine Demons Bluff Formation, and the
Oligocene—Recent marine Torquay Group (Robinson, 1974;
Brown, 1976; Smith, 1986; Williamson et al., 1985, 1987,
Baillie and Bacon, 1989).

The Eastern View Group is up to 8 km thick, consisting of
interbedded sandstone, siltstone, mudstone, coal and
volcanics. An unconformity of possible regional extent (“M.
diversus Unconformity”) has been used to informally divide
the Group’s upper and lower units (Brown, 1976; Nicholas et
al., 1981; Baillie and Bacon, 1989). The lower unit comprises
dominantly finer-grained sediments of Late Cretaceous to
Early Eocene (Lower M. diversus Zone) age, while the
overlying upper Eastern View Group is rich in coal and more
sandy than the lower division (Brown, 1976). The upper
Eastern View Group is postulated to have been deposited
within a tide-dominated delta, consisting of a complex
mixture of distributary channels, strandline sand bars, peat
swamps and shallow lagoons (Baillie and Bacon, 1989).

——
METHODS AND DATABASE

Todate, 27 offshore exploration wells have been drilled in the
basin (fig. 1). Digital log data of all wells has been supplied
courtesy of Wiltshire Geological Services, Adelaide. The
data, supplied as ASCII files*, was either digitised from
original paper logs or, in the case of recent wells (1985-86),
directly downloaded from Schlumberger Edit Tapes. The
study was carried out using MacLog® software (Bowler,
1987) which consists of four stand-alone applications for log
evaluation. The LogData application is used to make MacLog
files which contain Rt and the other logs. Lithoplots, PreEval,
and Eval are applications which make petrophysical
calculations from the MacLog data files.

The data is first converted from ASCII files into files that
MacLog® can understand and manipulate. Using the
LogData application, the data is converted first into Real
Number files, and then into MacLog files following
temperature corrections to the Neutron Porosity log: Figure 2
is an example (from the Seal—1 well) of a Maclog file output
as a data listing and Figure 3 is a graphic plot of data from the
same well.

Using the LithoPlots application, apparent formation water
resistivities (Rwa) are then calculated using the Hingle
crossplot method (Asquith, 1982; Helander, 1983). By
limiting the study to clean sands known to be non
hydrocarbon-bearing, Rwa then becomes Rw, the true
formation water resistivity.

In more extensive studies than the present pilot study, or in
studies of complex lithology, crossplotting of multiple log
responses, together with petrographic data from cores or
cuttings may be used to establish relationships between log
responses and lithotypes. The present study, however, is
limited to relatively simple siliciclastic lithotypes.

Two types of crossplots in conjunction with the GR and SP
logs were used to determine lithology and to identify clean
sand zones. Figure 4 is a neutron—density crossplot (RHOB /
NPHI) of a sand from the Chat-1 (fig. 1) well — note that
Vclay as determined from the GR log is indicated numerically
on the Z-axis (I represents the cleanest sands, shale if present
by 9). Figure 5, utilising the Pe curve (photoelectric
cross-section), is an example of a MID (Matrix Identification)
crossplot of apparent matrix grain density and the apparent
matrix volumetric cross-section (RHOmaa / Umaa). In the
example illustrated, it is readily apparent that the clean

* Tt should be noted that Imperial units are used throughout this report, because all older and much of the newer petroleum

exploration data is presented in Imperial measurements.
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Figure 1. Locality map of the Bass Basin, showing well locations and status (modified after Baillie and Bacon, 1989).

SEAL

RHOF = 1.18 g/cc Surface temp. = 50.00°F BHT = 166.00°F

Surface depth = 83.00 feet Depth logger = 5485 feet

Depth MSFL SFL ILD RT RHOB NPHIls NPHIc GR

3614.00 1,57 0.59 0.36 0.36 2.19 29.35 30.79 18.5
3614.50 1.75 0.62 0.35 0.35 2.19 29.10 30.54 18.8
3615.00 1.97 0.64 0.35 0.35 2.19 28.08 29.50 19.9
3615.50 1.92 0.63 0.35 0.35 2.18 29.49 30.95 19.5
3616.00 2.00 0.63 0.35 0.35 2.19 30.66 32.13 17.6
3616.50 1.97 0.60 0.34 0.34 2.18 31.98 33.49 17.0
3617.00 1.97 0.59 0.34 0.34 2.19 32.76 34.28 15.4
3617.50 1.95 0.59 0.34 0.34 2.17 32.37 33.91 15.9
3618.00 2.04 0.60 0.34 0.34 2.18 32.08 33.60 15.6
3618.50 2.09 0.61 0.34 0.34 218 29.74 31.21 17.0
3619.00 2.11 0.61 0.34 0.34 2.17 29.35 30.82 15.9
3619.50 2.06 0.60 0.34 0.34 217 29.20 30.67 16.2
3620.00 1.90 0.60 0.34 0.34 2.15 30.13 31.65 17.0

Figure 2. Example of data listing from MacLog file, Seal-1 well. Note NPHIIs is uncorrected Neutron Porosity, NPHIc is
NPHlIs corrected for temperature.
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sandstone has good porosity and consists predominantly of
quartz and calcite.

Having identified zones of clean sand, apparent formation
resistivity was then determined from Hingle Plots (see
Asquith, 1982, p.101). Figures 6-8 are three Hingle Plots
using the same data as Figures 4 and 5 and together indicate
that in this case Rwa = 0.04.

RESULTS

In this study, over 60 formation water resistivity
determinations were carried out on 17 of the Bass Basin wells.
For convenience, the study was confined to Eocene sands
occuring below the Demons Bluff Formation.

Figure 9a is a plot of apparent formation water resistivity
(Rwa) against depth and Figure 9b is a similar plot, but using
a logarithmic scale for resistivity. Because hydrocarbons do
not occur in the wells studied, Rwa is equivalent to true
formation water resistivity (Rw). Most of the waters are fairly
saline, with formation water salinities of between 50 000 and
100 000 ppm NaCl equivalent, as determined from
Schlumberger Chart Gen-9 (Schlumberger, 1986).

FromFigure 9itis apparent that there is no obvious correlation
between resistivity and depth, but the resistivities have been
compared at the individual formation temperatures. As a
general rule, there is an inverse relationship between
resistivity and temperature (Helander, 1983), and so in a
regional study such as this, the results should be normalised
in some way to make any comparison meaningful.

The calculated resistivities were normalised to 75°F using the
equations below (derived from Asquith, 1982) — the first
equation determines temperature of the formation studied and
the second calculates the resistivity at 75°F using the
calculated formation temperature:—

Loy [[TTDTBTEJD + Ts:|

Where:

Tp= formation temperature at depth D;

Trp = maximum temperature recorded at Total Depth,

TS = ave;age surface temperature (taken as 50°F for
Bass Strait);

Ros = Rwa (Tp +6.77)
=5+ 677)

Figure 10a is a plot against depth of corrected resistivities and
Figure 10b utilises a log scale for resistivity, similar to Figure
95— at a constant temperature, the corrected resistivities may
be regarded as a simple function of salinity. From Figure 10
it is now apparent ?at there is an increase of salinity with
increase in depth (R“ = 0.21).

DISCUSSION

There are few published studies of variations in resistivity or
salinity throughout a sedimentary basin. In many
well-explored basins, water resistivity data have been
compiled and published by numerous sources, but this data is
mainly used for log evaluation purposes. Although no data or
references were supplied, Helander (1983) notes that salinity
and temperature generally increase with depth.

Production testing of the Pelican—-5 well (fig. 1) by Amoco
Australia Petroleum Company in 1986 showed the presence
of freshwater in Paleocene sands immediately underlying
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very saline Eocene sands. Freshwater influx has been
documented from the offshore Gippsland Basin, where a
freshwater wedge infiltrates the upper Latrobe Group
sediments in the northern and western parts of the basin
(Kuttan et al., 1986). The freshwater is thought to be meteoric
water which entered the Latrobe Group via an uplifted and
exposed area of the onshore extension of the basin.

The present study, based on limited data, has indicated that
there is a pattern of decrease in salinity towards the Paleocene
section of the Bass Basin. As the Bass Basin sequences donot
extend onshore, it is unlikely that freshwater flushing occurs,
as is the case in the Gippsland Basin.

The change therefore is probably related to a fundamental
geological factor. Brown (1976) notes that the lower Eastern
View Group (i.e. lower Eocene and Paleocene) is
predominantly shaly, whereas the upper Eastern View Group
is more arenaceous. Baillie and Bacon (1989) described a
regionally-occuring transgressive sand at the top of the
Eastern View Group in the northern sector of the basin. It is
possible that the apparent increase in salinity up through the
Eocene section corresponds to this overall increase in the sand
/ shale ratio.

The present study has demonstrated the usefulness of the
MacLog® software, and it is proposed to extend the present
study to Paleocene and Cretaceous sections of the basin.
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Figure 5. Example of MID (Matrix Identification) Plot used to determine lithology, Chat—1 well, same data as Figure 4.
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Figure 6. Hingle Plot, resistivity versus porosity determined from density log, same data as Figures 4 and 5.
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Figure 8. Hingle Plot, resistivity versus porosity determined from neutron porosity log, same data as Figures 4 and 5.
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Figure 9a. Plot of Rwa against depth, upper Eastern View Group, Bass Basin.
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Figure 9b. Similar plot but with logarithmic resistivity scale.
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Formation Water Resistivity (corrected to 75°F)
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Figure 10a. Plot of Formation Water Resistivity (Rwa) corrected to 75 F against depth, upper Eastern View Group, Bass
Basin.
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Figure 10b. Similar plot but with logarithmic resistivity scale.
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