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SUMMARY

Vacuum drilling has the potential to provide a more rapid
and economical means of regional soil salt evaluation
within Alcoa's mineral lease in the Darling Range than
the traditional coring method,

Correlations between samples from two out of three
clusters of drill holes, each comprising one cored hole
and several vacuum holes, indicated little significant
difference in the vertical soil salt distribution within
each cluster irrespective of the drilling technique used.
Poor correlations between holes within the third cluster
are thought due to substantial lateral variation in soil
profile development at the site.

There were substantial variations in mean salt levels
within each cluster of holes. It is not yet known
whether this reflects real local variability in soil salt
storage characteristics or inaccuracies inherent in
sampling by vacuum drilling.

Surface geophysical techniques have logistic advantages
over drilling but none yet appears capable of yielding
quantifiable results under Darling Range conditions.
Down-hole soil conductivity metering in conjunction with
solid auger drilling may have application to supplement
vacuum drilling in lower slope terrain. Techniques now
being developed which involve surface or subsurface
transmission of electromagnetic signals in the radio
frequency range may have future application.




1. INTRODUCTION

With the exception of a high rainfall belt along its
western edge, much of the Darling Range has relatively
high concentrations of salt stored in its subsoils.
Investigations by Dimmock, Bettenay and Mulcahy (1)
indicate a general rise in soil salt levels toward the
east. The increase can be very broadly related to a
corresponding decrease in mean annual rainfall.

Experience has shown that large-scale clearing of
vegetation in the drier areas can lead to marked
increases in the salinity of adjacent streams. Thus

most of the rivers issuing from the agricultural lands

to the east of the State Forest are now too brackish

for potable use. Those affected include the largest
river systems in the South West Coastal Drainage Division,
i.e. the Swan-Avon, Murray and Blackwood. Their loss
must place serious constraints on regional water supply
options in the longer term.

On the basis of soil salt levels, three loosely-defined
zones of salinity hazard are generally recognised. These
are:

(a) a western high-rainfall zone where land
use activities which inveolve permanent
clearing of vegetation should not cause
significant increases in stream salinity.

(b) an eastern low-rainfall zone where such
clearing will generally cause major increases
in stream salinity; and

(c) an intermediate zone where the salinity hazard
is variable, but as yet not fully defined.

Various rainfall ischyets are sometimes taken to represent
the boundaries of the intermediate zone. For example

the Forests Department of Western Australia (2) has

chosen the 1150mm and 1025mm isohyets for the western and
eastern boundaries respectively. Such boundaries are a
useful rough guide to regional soil salt levels in the
absence of direct information. However, salt levels
considerably above or below the range normally expected in
a particular rainfall belt often occur. Contributing
factors are thought to include differences in soil type,
topography, potential evaporation, and possibly, differences
in the water use characteristics of the various native
vegetation systems.
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2. MAGNITUDE OF SALINITY HAZARD IN DRIER AREAS

Clearing of vegetation alters the water balance in such a
way that groundwater recharge and/or lateral Seepage
through the soil is increased. This increased flux of
water has the potential to upset the normal salt balance.

Depending on the relative magnitudes of the following
factors, increases in stream salinity after permanent
clearing in the drier areas of the Darling Range may be
anything from very large to inconsequential:

[ the land area cleared and the intensity of
clearing i.e. percentage reduction in
stand density;

‘. the salinity of the groundwater beneath
the cleared area; and,

® the amount and distribution of salt stored
in the subsoil.

The situation is more complex for transient land uses
such as bauxite mining which, although extensive in the
long term, involves a relatively small area of fully
cleared land at any point in time. After mining has
progressed for some time, the landscape consists of a
mozaic of undisturbed forest, areas in various stages of
revegetation and a small fully-cleared area comprising the
operating pits and haul roads. The magnitude of salinity
increases associated with this type of land use is
significantly influenced by additional factors to those
mentioned previously, including: '

' the effectiveness of revegetation and other
rehabilitation procedures;

®  the sequence of movement of the mining operation
over the landscape with respect to both
time and location;

. the position in the landscape of each
mine pit; and, ‘

] the hydraulic properties and geometry
of the soil-landform units involved.

Several other important considerations are involved. For
example, dieback disease is equivalent to partial clearing
and any land use which spreads dieback has an indirect -
effect on salinity levels which could outweigh its own
direct effect. Rapid revegetation of dieback-affected
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areas would greatly diminish the effect on salinity
levels,

The existing salinity of the catchments affected and

their proposed use in the years following the transient
clearing phase are alsoc relevant. Thus a temporary increase
in the salinity level of a tributary stream may be of little
consequence 1f it contributes only a small proportion

of the total flow from the catchment, or if the major river
Systems comprising the catchment are already saline.

In the latter case, the magnitude and duration of the salinity
increase could become highly significant if the tributary
itself had water supply potential. ‘

3. SALINITY AND LAND USE.

Given the complexities discussed above, it is obvious that )
rainfall isohyets have little application as land use boundaries.

This particularly applies for transient land uses. The
concept of an intermediate salinity zone is equally limited.
There is a very broad transitional zone east of the
1100~1150mm rainfall belt where different land uses have
different levels of acceptability and transient land uses
.could in fact extend well into higher salinity areas with
acceptable levels of impact on the salinity of major
catchments.

An accurate assessment of the salinity hazard for particular land
uses is of immense importance to the economy of

Western Australia. An unnecessarily conservative assessment
could involve loss of the opportunity to develop major

natural resources such as the bauxite reserves which lie

partly within the lower rainfall areas. On the other

hand, an underestimation of the hazards could lead to a
deterioration in the quality of the south-west region's

remaining usable water resources which would be difficult

and expensive to rectify.

Assessment of the salinity hazard for any land use requires
broad-scale knowledge of soil salt levels. Along with
other inputs, this data can be applied to hydrologic
models developed by Peck (3), Peck, Hewer and Slessar (4),
or more sophisticated models such as those currently being
developed by the C.S.I.R.0. to predict the impact of land
use changes on stream salinity.

4, CURRENT SAMPLING METHODS

Current methods for determining salt levels include base
flow sampling of low order streams and analyses of cores

obtained from hollow auger drilling.

The base flow approach assumes that the late summer
stream flow is essentially groundwater and is thereby
indicative of salt concentrations in the saturated part
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of the soil profile. Shea and Hatch (5) and others,
“have recognised the inadequacy of the base flow

approach, particularly for the non-perennial streams
which characterise drier areas in the Darling Range.

Coring is a reliable point sampling technique but is

too slow and expensive for the broad-scale investigations
necessary to provide sufficient data for judicious land
use planning.

5. SAMPLING REQUIREMENTS

The magnitude of salinity assessment work in the Darling
Range requires a rapid, low cost sampling method which
is capable of yielding quantitative results. Mobility
is also an important factor. The sampling device must
have the capacity to gain access onto moderately steep
forested slopes without undue damage to the vegetation
through spread of dieback disease or clearing.

In the Darling Range, maximum soil salt concentrations
and the bulk of the salt in Storage generally lies above
the water table. Hence sampling requirements would

be met by an assessment of unsaturated soil salt levels
in and downslope of the areas to be clearegd, together
with an assessment of the salinity of the groundwaters
already contributing to streamflow.

The representativeness and accuracy of samples and

sampling methods requires brief mention. Quantitative

results are obviously necessary for determination

of soil salt concentrations, but the level of accuracy probably
need not meet the same standard as the coring method

currently in use. It is not pPossible to evaluate many

of the other parameters involved in predictive models to

the same order of accuracy as the soil salt concentrations
determined by coring. In addition, marked lateral

variations in salt content over short distances make the high

needs consideration.

Three available methodologies appear to have the potential
to meet the sampling requirements - surface geophysics,
more rapid drilling techniques involving sample recovery
Oor a combination of rapid drilling and down-hole
geophysics.

6. SURFACE GEOPHYSICS

Geophysical methods have many advantages over direct
sampling. They are capable of rapid areal coverage,
involve minimal ground disturbance and are relatively cheap._
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Data can be produced in a form amenable to computer
analysis and labor intensive support facilities such
as chemical laboratories are minimised.

Under favourable circumstances saline groundwater can
be detected using surface geophysics. For example, the
Queensland Irrigation and Water Supply Commission uses
Schlumberger vertical electrical soundings to detect
saline intrusion in coastal aquifers. Quantification
is difficult under all but very simple hydrogeological
situations (McNeil, pers. comm).

Rhoades and Ingvalson (6} have successfully determined

bulk soil salt concentration levels using a surface
restivity (Wenner array) method. Halvorson and Rhodes (7)
used the same technique to estimate salt levels within
discrete soil depth intervals by varying the interelectrode
spacings in the Wenner array. However, the technique
requires favourable soil moisture conditions and has
restricted depth penetration. '

Pettifer and Smart (9) have successfully used a half-
Schlumberger configuration, with careful choice of traversing
electrode spacings, to overcome problems associated with
surface resistivity variations in bauxitic laterite
terrain. Their purpose was merely to identify permeable
subsurface zones for groundwater developement rather than
quantify soil or groundwater salt concentrations. No
surface resistivity technique yet available appear to
have application for soil salt or groundwater salinity
determination in the Darling Range because of the great
depth of unsaturated material involved, highly variable
moisture contents, and variable resistivity in the
near-surface lateritic layers.

An electromagnetic method now being developed by the
Foundation for Australian Resources has some potential.

It involves surface reception of signals transmitted in
the radio frequency range from sources located on the
surface or in boreholes. The method is based on

impedance principles and the concept of reflection loss.
It has been used with mixed success by Alcoa to determine
groundwater conductivities beneath the Swan Coastal Plain.
Further development is required before the method will

be capable of providing acceptable data even under
relatively simple hydrogeological conditions. A similar
method which relies upon subsurface receivers and
transmitters is being developed at the University of
California's Lawrence Livermore Laboratory. Neither of
these could be used with any level of confidence at

the present time, but they may have application in the future.
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7. SOLID AUGER DRILLING

S501id auger drilling can be carried out at approximately
three times the rate of core drilling. Operational and
equipment costs are similar.

A major disadvantage is lack of control over soil
sampling. Drill cuttings over substantial depth intervals
are commonly mixed together and contaminated by mud. 1In
the saturated zone no cuttings may be recovered at all.

At best, a rough estimate of the mean gravimetric total
soluble salts content in the unsaturated Zone can be
obtained.

The solid auger drilling method would have greater
application if the distribution of salt stored in the
unsaturated zone could be more reliably determined.

Rhoades and van Schilfgaarde (8) have developed a down-

hole electriecal conductivity probe for soil salt determination
which uses the Wenner array. The technique has promise

at least as a Supplement to vacuum drilling in lower slope
terrain. Major advantages over hollow auger (core)

Solid auger drilling would be particularly useful as a
supplement to vacuum drilling. The parts of the landscape
where vacuum drilling is least successful - valley floor

be most appropriate to determine groundwater salinities.

In general, groundwater salinities increase downslope and
apart from isolated midslope Springs, the major groundwater
contribution to streamflow occurs in the lower slope and
valley floor areas. '

Caution must be exercised with assessment of groundwater

salinity in the valley floors. Drilling on the Wungong
catchment has indicated locally confined grounwaters in

8. VACUUM DRILLING

BAlcoa of Australia Limited uses tractor mounted vacuum
rigs for its bauxite drilling. A modified version adapted
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for auger drilling has proved very successful in providing
core samples for the Hunt Steering Committee and other
organisations involved in Darling Range salinity
investigations. The advantages of vacuum drilling over
hollow auger (core) drilling include the following:

® Drilling rates are expected to be 5-10
times faster, depending on ground
conditions and depths of penetration.

. Operating costs could be significantly
lower (frequency of rod replacement due to
drilling in clay as yet unknown) .

. Composite samples could be obtained over
a larger range of depth interwvals.

) A larger range of soils including friable
and indurated lateritic material could be
sampled. '

. Alcoa salinity investigations could be co-

ordinated with bauxite exploration to a greater
extent, thereby increasing operational
efficiency and reducing vehicular movement

in dieback-prone forest areas.

The main practical disadvantages of vacuum drilling is its
inability to penetrate saturated material, Thus it cannot
provide the necessary ancillary information on groundwater
salinity. Supplementary auger drilling would be regquired

as discussed above. This presents no operational difficulty
as rigs are available which can be readily converted from
the vacuum to auger drilling mode in the field.

In 1975 Alcoa drilled a number of cored holes to determine
soil salt levels in the Jarrahdale area. Samples from
adjacent bauxite exploration holes drilled by vacuum
methods were also tested for salt concentration and

good correlations were established. As the salt levels
encountered in the area were all very low and the vacuum
holes were shallow, further investigations were considered
necessary.

More detailed investigations were carried out in
conjunction with Hunt Steering Committee drilling in
1975/76. The locations of the three sites involved are
shown in Figure 1. Core hole 1-1 was drilled for

Hunt Steering Committee Project 4 in December 1975 and
abandoned at 17.8m. Vacuum holes A, B and C were drilled
in a cluster around it in March 1976 for the purpose of
this study. .Core hole 1-1 was replaced by 1-1(E) drilled
17m further to the east. Vacuum holes D, E and F




were drilled around it. Core hole 6-3 was drilled

in March 1976 and vacuum holes V1-v4 the following
May. The vacuum holes were terminated at 1llm in this
case as their main purpose was to investigate -
relatively high salt levels encountered in the

upper 10m of 6.3.

All of the vacuum holes were drilled within a radius
of about 2m from their respective cored hole.

8.2 Correlation of Core and Vacuum Samples

The correlations reported in Section 8.3 refer to
the product-moment correlation coefficient. This

is a measure of the amount of spread about the
linear least-squares eguation, or more precisely,

it is the ratio of the co-variation to the square
root of the product of variation in X and the
variation in Y. X and Y in this case are the gravi-
metric total soluble salt (TSS) content of known
depth increments in corresponding core and vacuum
holes. :

The total soluble salts (TSS) data used for the
correlations was determined by staff of the
Forests Department using the method described by
Hatch {(10). BAll values of TSS are expressed in

grams per kilogram. Vacuum samples were collected in
clear polythene bags sealed with rubber bands and

a representative split from each sample used for
laboratory analysis. Core samples were taken in
accordance with the then current Hunt Steering
Committee specifications.

With the core holes, the sampling interval was

fixed by the length of the core barrel at 0.76m; the
part of the core contained in the shoe at the cutting
end of the barrel being used for laboratory analysis,




With the vacuum holes a full sample was obtained

at a chosen depth interval of 0.5m. Because

of the discrepancy in the depth dimensions the

unit of comparison for core samples was taken as
the average value of two contiguous samples. For
vacuum holes it was three. That is, for input into
the correlation routine samples of both types

were lumped into 1.5m composites. No sample was
used more than once.

8.3 Results

v —— o — —

Vacuum hole C shows moderately good correlation
with 1-1, but B is essentially uncorrelated.
Vacuum holes B and C display a significant
negative correlation. The holes appear to

be in 2 groups, each of which has moderately
good intercorrelation i.e. C, 1-1 and A, B.
The mean TSS values vary considerably from
hole to hole, but the core hole is well within
the range of the vacuum holes. 1In fact, the
mean TS5 value for the core hole closely
approximates the mean of the means for the
vacuum holes,

Borehole 1-1 A B C

1-1 1  0.253 -0.067 0.571)

A 1 0.568 —0.024;

B 1 -0.605) T

)

C 1y
Mean TSS 0.41 0.36 0.24 0.58
Std. Dev. 0.21 0.14 0.16 0.29
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Site 1-1(E)

All of the vacuum holes are strongly correlated
- with the core hole. Again, the mean T.S.S. values
vary considerably, but the core hole lies within the
range of the vacuum holes.

Borehole E-1(E) D E F
1-1(E) 1 0.77 0.92 0.92)

b ' 1 0.88 0.68 ) r
E 1 0.86 )

F 1 )
Mean T.S.S. 0.70 0.86 1.06 . 0.54

S5td. Dev. 0.51 .39 0.50 0.51

Core holes 1-1 and 1-1(E) show weak correlation even
though they are only 17m apart and occupy a similar
position in the landscape.

Borehole 1-1(E) 1-1

1-1(E) 1 0.157 )

1-1 1 )
)

Site 6-3

Again, the correlations between the core hole and
the vacuum holes are strong and the mean T.S5.S. values
show wide variation.

Borehole 6-3 vi vz v3 va
6~3 1 0.807 0.925 0.971 0.984 )
V1 1 0.602 0.826 0.857 )
V2 1 0.929 0.921) r
v3 1 0.991 )
V4 1 )
Mean T.S.S. 1.35 2.47 1.22 0.83 1.01

L Std. Dew l.26 2.50 1.01 0.78 0.95
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The holes at site 1-] were in two groups. Holes 1-1

and C showed moderately good correlation. Holes A § B also
had moderately good correlation but both were poorly
correlated with réspect to 1-1 and ¢. A and B have a
well developed C horizon, whereas the C horizon

in 1-1 and C is poorly developed (Fig 2.) Bauxite
drilling indicates that such marked differences in

the laterite profile over short distances are not
uncommon (Smurthwaite, Pers. comm). Given the good
correlations at+ 1-1(E) ang 6-3, it is doubtful that

the observed results are due to unreliability in the
vacuum sampling method, Rather the data suggests

that local variation in profile differentiation can alter
both the pattern of salt distribution and total salt
storage.

ea
though the pattern of salt distribution with depth
within each cluster was very similar. Thig may be due
to the vacuum sampling technique or it may be due to




12,

.w

ACKNOWLEDGEMENTS

The assistance of the following is gratefully acknowledged:

Dr. A. B. Hatch (Forests Department)

Mr. A. Pincombe (Alcoa Computer Services Group)
Staff of Alcoa Ore Development Group

Staff of Alcoa Environmental Group.

REFERENCES

(1) Dimmock, G.M., Bettenay, E. and Mulcahy, M.J., 1974 :
Salt content of lateritic profiles in the Darling
Range, Western Australia. aust. J. Soil Res., 12,
63-69

(2) PForests Department, W.A., 1977:
A perspective for multiple use planning in the
Northern Jarrah Forest. Internal Report.

(3) Peck, A.J., 1976:
Estimating the effect of a land use change on
Stream salinity in south-western Australia - in
Simulation in Water Resources, Northern Holland
Publ. cCo., Amsterdam, P.293-302.

(4) Peck, A.J., Hewer, R.A. and Slessar, G.C., 1977:
Simulation of the effects of bauxite mining and

dieback disease on river salinity. C.S.I.R.O.
LRM Tech. Pap. No. 3

(5} Shea, S.R., and Hatch, A.B., 1976-:
Stream and groundwater salinity levels in the South
Dandalup Catchment of Western Australia. Forests
Department, W.A., Research Paper No. 22

(6) Rhoades, J.D. and Ingvalson, R.D., 1971:
Determining salinity in field soils with soil
resistance measurements. Soil Sci. Soc. 2Zmer. Proc.,
35, 54-60. :

{(7) Halvorson, A.D., and Rhodes, J.D., 1974:
Assessing soil salinity and identifying potential
saline seep areas with field soil resistance
measurements. Soil Sci. Soc. Am. Proc., 38, 576-581.

(8) Rhoades, J.D., and wvan Schilfgaarde, J., 1976:
An electrical conductivity probe for determining
soil salinity. Soil Soc. Am. J., 40, 647-651.




13.

v

(9) * Pettifer, G.R. and Smart J., 1976:
Resistivity methods in the search for groundwater,
Cape York Peninsula, Queensland. BMR., J.
Aust Geol. Geophys., 1, 241-246.

(10) Hatch, A.B., 1976:
The relationship between electrical conductivity
of soil : water suspensions and soluble salts
in some Western Australian forest soils. Forests
Department W.A. Research Paper No. 19,

TABLE 1 - KEY TO CORE LOGS

A2 colluviunm : sand and furruginous pisolitic
gravel, sometimes re-cemented
and/or with post-depositional
concretionary layers.

Bl caprock : indurated ferruginous laterite
layer (duricrust).

predominantly brown and yellowish
brown, soft and friable, with
indurated patches.

B2 friable laterite

. predominantly brown and yellowish
brown, soft and frequently mottled
(name is deceptive as may contain
abundant quartz grains along with
the clay).

B3 Clayey laterite

c2 mottled saprolite : predominantly white; soft; mottled:
clay to clayey sand.

c2 pallid saprolite : white; soft with minor or no
mottling; clay to clayey sand.

D saprolite : may be white but freguently coloured;
hard rock fragments may be present;
mica generally present if a granitic
saprolite.

+4+ granitic bedrock
AN dolerite bedrock

NOTE: 1) Cl & C2 - generally absent in dolerite profiles.
2) ¢z — may show "overprinting" by soil processes
€.9. grey ceclouring, pedal structures, roots,
etc., especially in upper section.
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