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"'1J ...... AaU"'. rvP>"t"""",,,...,> and foundation contractors 

operates a site 
Cone Penetrometer 

"mTIP'1rU ",,,,,av,,,, of r"",","'''1"' 

For more information and technical 
2311 1297 
Breen and Martin Fielder will 

laboratories in Brisbane and Cairns. 

The Geotechnical cn:gm,cermg 

The Hazardous Waste , .. £'Ha"",,,,,,,,. 

Australian Geomechanics -

410 

Maconochie. 
is headed Rod 

Williams and the 
Terrain & 

Gavin Renfrew. 
Senior Consultant in the Brisbane 

of the in-house skills and 
"!A-'"'''.AA''' areas is 

clients with services which match 

extended service in the area 
As wen as the W A agent for the Australian made range 

installation service. 
inclinometer data reduction service and a hire service for more 

Western Geotechnics 

as inclinometer sondes. 
rock 
size 

pressure 
and a Shimadzu universal tensile 

about 25 staff with Mr 
Newton as Director and Mr Ron Hoffmann as 
Commercial Director. In in 

two years 
ago and have other permanent labs in 
Mandurah and Port Hedland. The laboratories of Western 
Geotechnics can offer the full range of tests for 

concrete and other materials. 

v 



Since this is our last editorial before over the reins to 
we're inclined to bea little 

and reflect on some of the wins and losses of our 
on the Editorial PaneL 

Almost the last four issues of Australian 
Geomechanics have seen more than their fair share of news, 
views and papers from W A - however we must correct the 

Dn:SSllon that all in W A revolves 

throw the on within their state. 
We would like to think that we've succeeded in all three areas. 

however when it was we believe the result was 
very The Journal was intended to be a half 

Thanks to Peter 

... ...", ... ""...,,, For this 
'the very best of luck'. 

costs. 

is now a 
revenue, 

Our intention to narrow the gap between !",..."" • ..., .... '" 

in the and civil areas has met with 
limited success if measured in terms articles and 

mt,prr"'pj'pn as a 
So too is the formation 

of the W A Centre for Geomechanics which will an 
irrlnn,-tcn,t link between the resource and 
research institutions in W A. Either initiative could in turn 
prove to be an source of technical papers and talks 
for the wider 

over the editorial hot seat. The very existence of this issue is 
a reflection of the concern within and outside the 

about the of waste and its safe '""'",'!JU,''''-'. 

recent times to 

Australian Geomechanics- 1992 

of have been 
toll on the 

has lead in 
waste. 

i.e. 
in such a way that is within the of the environment to 
absorb it. This is consistent with the idea of ecologically 
sustainable forms the 
editorial from WA-EPA's 

IEAust's 

Whilst in recent years there has been a shift in of 
away from waste treatment to waste 

""''''',0,'''''''''''''' of waste whether from the 

Of the various for ... 'O'VU"'" 
at sea, incineration and on 

their inherent for the environment and their critics. 
constructed sea outfaHs whose "''''''''''-'''' 

In some cases dis:posal on land can be beneficial: 

The more waste such as 
can have value as a fertiliser in 
however of nutrients to water courses and soil 
contamination must be avoided. 

Red mud - bauxite residue - has been used to benefit to 
decrease the nPT=p'"m 

them 

is 
and one which sees 

A review of their use in Australia is 
Parker and Sadleir. 

A paper entitled 
Environmental Protection" 
both membranes 

Containments in 
Sadleir discusses the use of 

1 



as liners or caps, to 
containment. 

landfill leach ate 

a 

nr(',oo'opr! waste sites and more 
contaminated sites have their own 

site 
contaminants and 

to know 

where to drill to locate any buried contamination. 

These and other of contaminated 
land are addressed in of Contaminated Land", a 

David Parker. Reasons for are 
and in the processes of 
,,,,,,v,,,,,,,1'. contaminated sites. 

a site ??' are discussed and mention is made of 
Victoria's audits. One wonders how it will be 
before other states follow suit!! 

"c"LJU" .. ,", contain chemicals which may 
of liners or 

of chemical interaction was examined 
carried out for a landfiH 

site for aluminium smelter waste - the 
paper SuHivan and •• ""1;> •••• 

batch tests identified 

in characteristic 
- has its own brand of environmental 

to erosion. 

and has better future land use 
been trialled in the NSW coal 
and forms the Williams. 

One of the in the management of 

2 

"'"'UV"",' is 
consolidate and 
Toh in their paper have a 
and consolidation behaviour of slurried 
under various rates and conditions. 
For this used a combination of numerical ",vuV'.m 

strain with 

Conference on Geotechnical 
Contamination due to be held in """np,,, 

recommend anyone with an 
interest in waste to take up the and 
contribute to what we are sure will be a very successful 
conference. 

Colin Trevor Charles Waterton. 

Director 
of the Pollution Control division of the 
Environmental Protection 

ofWA in 1964 with a 

National Antarctic Research 
V'A,''''''''''", m and After a year 

with the Bureau of Mineral Research airborne 
surveys, he worked with the finn Geotechnics 

the W A nickel boom. 

of Environmental Protection 
of Conservation and 

Australian Geomechanics -



Almost everyone - even the odd Geotechnical 
been 10 the term 

its the current environmental. 
buzzword. A few of us may even have about what the 
term means. I suspect that very few indeed the 
extent to which the can, and must, be av,,,,..,,, 

of human endeavour. 

So what is ESD and is it so 'rn1nnrt<l 

It is VVA""'"" cOflCelJt in the 
, "',",vu 'V",.. one can see, at least 

how the volume of timber removed can be 
limited to the volume each year, or the number of fish 

can be limited to the natural But is 
this true eC()IO;Q]cal 
trees or fish must 

be desire for a mixture of all these activities. 

The that we aim to sustain in those different areas of 
bush or those different estuaries may vary 

use of the 
standards can 
nr",tpf"tpl1 - very little of the V'v-VhA'> 

is necessary to sustain this beneficial use. 

reserve we need to ensure 
weeds and fire 

management may be necessary; flower may 
need to be a diverse range of insects and 
animals may need to be maintained for 
water and in a wetland and 

Australian (je,om:ecJlar.lics 1992 

not 
may be necessary to sustain this beneficial use. 

... ,., area, removal of "weed" trees may be 
desirable to encourage commercial fire 
prc)te(;tloln may be insect and animal 
may need control - if the beneficial use to be 
sustained is timber some but not a of 

may be necessary . 
'-"""v'''_'''' uses of timber 

uv,;:",vu. a far 

interference. 

Assimilati ve y ofa 
substance or 
combination with other substances 
that of the environment can 

the beneficial use or uses .. ,., .. to it or 
made of it. 

at the 

The residential area 
assimilate human trespass; 
no wind it may have a very low 

we have above: 

smoke from domestic the 
lawn fertiliser may be 
used for but if there is a 
connection to wet lands in the National Park 
this beneficial use will dictate a lower assimilative 

in order to avoid wetland ua''''''5v' 

The flora reserve may be able to assimilate some 
human smoke 
may not be may be 

for which the 
assimilative 
elevated level of nutrients in the ''''"l'",nll'''''''''' 
an asset but too much will km the 

3 



The area may tolerate a level of 
human trespass in the area of mature trees but 
areas may have a very low assimilative capacity; 
smoke and some other air contaminants may need 
to be controlled to levels to forest 

levels of nutrients 
be able to be tolerated. 

So different beneficial uses different environmental 
malna:gernellt for their maintenance and may 
different assimilative capacities. it follows that VUJ.1UL.'VH or 

CLU<'''U'H of the environment when its 
assimilative capacity for the "V'_"'''lvU 

4 

if the "u ,_"""" 

and future beneficial 
the site of the 

2. Determine that environmental characteristics, which 
to be by some aspect of the 

are necessary to maintain those beneficial 
uses; 

3. Determineforeach the assimilative 
relation to the most sensitive beneficial use; 

4. Measure the IJ'v-vA'':> 

aspects; 
load of each of those 

5. Add the nrn,n,n,,,p{j load to the ure:-e)asrm load and 
compare the total to the assimilative capacity. 

All this may look like an environmental consultant's dream 
come true - the trick is to make sure are 
done to the level of detail necessary to demonstrate that our 
Df()DClsal meets the If we want to of 

of saline water to our dam near the 
need to do very detailed 
studies. Ifwe are a way 

from town in an area of known very 
little may be necessary. 

p ..... ,pnltp{j and so that all 
the environment are within its assimilative 

capacity our V".'I>"-''''''' will be ecologically sustainable and 
therefore: 

We should be able to walk away from our mine and its 
dam or the foundations of our offshore oil 

in turn, should be able to continue to 
wildlife conservation and tourism functions 

Peter 

Australian Geomechanics -



Dr Brian Richards ,"prp",:,,., 

The 1992 John Medal winner is Dr Brian Richards. It 
was awarded to Dr Richards at a 

nn'"pntp·rl his paper 
Interactive Load Deformation and Flow Processes 

in Soils" to the conference '-''''''';:'''''''''' 

Brian Richards was born in 1934 and obtained a First Class 
of 

of the CSIRO Division of Geomechanics in 
Melbourne in 1959. from a few in title and 

he has been with CSIRO ever since and has 
moved to Brisbane with the Division of Geomechanics. 

soils. His 
work was research in a field in which very few 
workers at the time had made advances. This 

fundamental research led to the rlP'lI"'An",,,,.,,.. 

for the measurement and 
soil suction for in the unsaturated 
soils of Australia. 

Australian (ye,Omerflflrl 1992 

AGS Chairman Max Ervin 

in soils in recent water and 
contaminant transfer in rehabilitated mine sites. He is now 
considered a world in the use of unsaturated and 

and in and 
environmental 

make Dr Brian Richards 
rI""",.""",,,, winner of the 1992 John 
which was instituted the Australian 

Geomechanics in 1979 in memory ofthelateProfessor 
John It is awarded every four years to coincide with 
the ANZ Conference. was born in in 

in Mathematics and 

Mathematics. In 1953 he moved to the Australian National 

mathematics was 
he is well known for his work in Rock 

in the field. He wrote 6 books and 
papers. 

Medal is awarded to an 
considered to 

contribution to Australian over recent years. 
The medal a bronze mounted on a 

the material with which 

5 
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1. INTRODUCTION 

of models are available. These include 
where a scaled model is tested in the 

'!!VUv''', where the process 
.. "r .. ,,,·,,,,, by a process that behaves 

in a similar manner; mathematical where 
the process is reduced to a set of 
which are solved using either analytical or 
numerical ,!!vU''-'''''. 

processes. 

1.1 

Prediction of the -movement and accumulation of 
contaminants in flow systems is often 
carried out with the aid of theoretical models, that 
nrr",,,,,, mathematical simulations of the under 
consideration. The results of any 

,rl"y,,,n,rl,,,,t upon both 
processes and accurate 

.. ,""",." .... 1'0 of all relevant mechanisms. 

In recent years, it has become that a critical 
need exists for observations 
behaviour in soils. 
to validate 
to aid us in 
fundamental transport processes. 

controlled field experiments and 
column tests have the bulk of vAjJv''''''v'''''' 
data on in soils. 

have the advantage of 

* Research of Civil and Environmental 
,v""u"""" W A 6009 

+ 
"",,"'U'LAUI;v University 

lA.."."".'''VL Geomechanics - 1992 

s 

c. 

Recently, researchers have come to recognise that a 
geotechnical can 

has 
dimensional 
boundary conditions. 

wa<;te source. 

2. PRINCIPLE 
MODELLING 

OF CENTRIFUGE 

The mechanical behaviour of a soil mass 
under the earth's g, can be in a small 
scale model of experiencing a force of 
ng, 1. If the times acceleration is 
the same in model and the stress distribution 

the model will be identical with that 
the n .. ",u"",,np 

model tests therefore offer a means of 
out small scale physical of 

geotechnical at stress levels similar to those 
experienced by the nrr,t"t·,rn" 

Street, Cambridge, CB2 

7 



(a) 

(b) 

2.1 Laws 

forces will 
convective 
of different 

at 
of 

The general scaling laws that govem the 
between the model and its nrn"""\lnl-' 

respect to the of hazardous waste 
have been derived Bachmat (1967) and 
(1988) analysis, and Laut (1975) 
and Arulanandan et. a1. (1988) using dimensional 

The relevant laws are summarised below. 

tp = tm 

=( (2) 

(3) 

where: n = scaling factor 

m = model 

p= 

u = pore fluid 

t = time factor 

C :::: concentration {M/I) 

8 

.2 
'0 
0: 
c 
.2 
o 
c 

processes. 

1 states that events related to hazardous waste 

2.2 Laws 

laws is carried 
of , where 

models are tested at different scales and 
similitude between models is observed. Verification of 
the laws (1), 
(2) and (3), was et. al. (1988) 
at the 2). 

o 25g 'est 
6. 33.3g 'est 
... 37.5 9 'est 
o 50<;1 test 

0.5 
o v 

Pro,otype Time in Hours 

2: Verification of Scaling Laws 
of Models' Arulanandan et. 

Arulanandan et. al. concluded that the scaling 
factors were correct that: 

1. processes are identical 

2. fier,m'""" processes at the fluid-solid interface 
are described laws. 

Australian Geomechanics - 1992 



3. MODELLING CONTAMINANT 
TRANSPORT FROM A LANDFILL SITE 

The research described in this section of the was 
conducted on the Balanced Arm at the 

of Cambridge, The reader is referred 
(1980) for a of this 

The fundamental aim of the research was to investigate 
of accelerated of waste 

tr<ln<:T\()n processes, by 
For this purpose, it was decided to model the 
of a conservative species 

a soil deposit of 

UHJ'Vl'-'" chosen for the 
trench of 3 m 

deposit underlain 
base stratum horizontal 

of contaminant in the landfill with time was 
n"',rn,r. .. ,>,prl in a number of the models. 

E 
o 
N 
I 

'" Vertical 1 
flow, Va Soil deposit 

-C: _ Horizontal flow Vb Permeable base 

3: Problem 

A standard sodium chloride solution Cl-, 
0.6 ) was used to represent the landfill 
contaminant-The geological was 
formed from reconstituted 180 grade silica The 
V,-'U",'UVA" base stratum in the model was constructed 

Buzzard 25/52 sand. 

A schematic "PT',.P"p" instrumented 
centrifuge 

The progress of the salt-water contaminant as it moved 
through the soil sample was monitored by miniature 
four-electrode resistivity probes, that were designed and 
manufactured at the Cambridge University 

These probes were also able to monitor 
concentration of solution held within the landfill site. 
Druck miniature pore water pressure transducers were 
used to measure both heads within the soil 
body and soil surface water levels. Soil surface 
settlements were detected by Linear Variable 

LVDTs 

_Ll 
oR[ I ('JP oP oP OP oR oP OR oR Te 

oP oR op OR OR oP op OR 

transformer 

Differential Transformers and the Ipn''''''''r''''n .. p 

within the soil body was recorded by an insulated buried 
nickel-chrome the:rmOC()UI)le. 

5 illustrates the service for a 
model. The advective seepage velocity 

the silt and the horizontal velocity in the 
permeable stratum beneath the were controlled by 
water levels within connected to the model. 
Alteration of standpipe heights allowed for the 
variation of model seepage velocities between tests. 

test followed the same 
the was started, and the 

in stages to 100 gravities (lOOg). 
within the model was then established 

to the . After 
aPl)roxillnately 2 the resistivity probe and 

readings indicated steady state conditions 
the model. the fresh water was removed from the 

landfill and by a sodium chloride solution while 
the was still in For the 
duration of test, the landfill was with either 
a standard sodium chloride 
constant concentration of 
or fresh water, 

concentration with time. Signals from all 
instrumentation were monitored each test, 
and various events of each test were recorded by Polaroid 

At the end of each test, the was stopped and a 
site of the model was undertaken. The 
package was then removed from the arm of the 
centrifuge, and to reveal the exact location 
of the buried instrumentation .. 

1 Mains water was used to simulate a 'fresh' water 

9 



Fresh 
water 
supply 

Landfill J. ,--------' 

Silt layer 
Sand layer 

5: Schematic 

3.1 Corn of Data and 
Theoretical Predictions 

A total of seven model tests were undertaken 
the of in the soil 

.. a land based waste site. The model 
tests encompassed a number of seepage 
velocities and a variety of landfiU boundary conditions. 
Results from the tests were compared with 
theoretical predictions from two available 

transport codes, POLLUTE and :MJGRA TE 
(Rowe and Booker '1983, 1985a and 1985b), and with 
analyses developed the course of the research 
(Hensley, 1989, and 1990). 

The POLLUTE code uses 
solve a one-dimensional contaminant tra:nSf)()rt 
in a layered soil deposit of finite 
description for this analysis is illustrated by 

Clay 

Sand/gravel 
,', . / ?\J i J' ; ) 7 7 /; 7 ;' 7 ) ;. 7' ) 

Impermeable base 

6: Problem Description for POLLUTE 
Rowe and Booker, 1985a) 

In the following, a comparison of data and 
predictions by POLLUTE is for the fifth 
centrifuge test in the series, Test PJH5. The results are 
presented in prototype time and normalised with respect 
to cs, the concentration of the model In all 
figures, the theoretical data are represented by discrete 
points. The reader is referred to Hensley and Schofield 

10 

of 

Fresh 
water 
supply 

Fresh water NaCI 

+ + 

:l or""'A"-ir v-alv--'e a 

I LStandpipe 
, overflow 

E 

Air valve c 

Model 

(1991) and (1992) for a comparison of further 
tests with POLLUTE and alternative 

u.<ovn:;u\.-,tU analyses. 

The steady state groundwater flow established 
within model PJH5 is shown in 

7. This seepage flow net was generated by a two-
finite element for 

developed the course of the 
research 1989). 

7 clearly illustrates the 
the seepage established within each 

model. However, this also demonstrates an 
one-dimensional seepage flow in 

the area soil directly below each landfill It is 
therefore reasonable to expect theoretical predictions 
from POLLUTE to provide an agreeable estimate of the 
concentration rises recorded test PJH5, at an 
measurement points located in the central section of the 
model. 

Centrifuge test PJH5 modelled a landfill sited in a 14.8 
m deep silt deposit, underlain by a sand deposit of 2.5 m 
depth. An (Darcy) vertical flow velocity of 
0.965 m/year was set the soil beneath the 
landfill site2, and an horizontal flow velocity 
of 230.21 m/year was imposed along the base 

2 The seepage velocity used in POLLUTE 
corresponded to the of velocity induced by 
forced convection. Because the density of the model 

was greater than the density of the interstitial 
free convection would have been responsible for a 

component of the total convection the model. 
However, the actual percentage contribution made by 
free convection was negligible for the conditions of test 
PJH5. 

Australian (je,omeCI'la1:llCS 
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7: Steady State Seepage Net for \...."','UHU5'-' Test PJHS 

A comparison between theoretical and data 
for test PHIS is in figure 8: dimensions 
and the measurement points are 
also in this The as 

by the POLLUTE program were from 
of the and from 

mCl1epeflClent laboratory tests. 
24·3 m 

Sll1layer 

Sand layer 

',00 

i" 050 

025 

25·0 m 24·3 m 

1 
.46 E 
.45 

0'3 
0" 

" 

'6 

lal 

o 

i-i \ 
; 

'".".1 \ . 
, I. , , 

42 , , , 
101 

"I 

1 

ET 
N 

8: Predicted 
theoretical data are 

(a) at probe 46 
(b) at probes 42 layer) and 43 layer); (c) 

at probes 44 and 4S (silt layer); transducer 
locations and dimensions. 
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8a illustrates the concentration 
site the duration of the 

event The landfill concentration was maintained at the 
maximum value, cs' for the first 17.S years of the 

event. Thereafter the landfill concentration 
was allowed to diminish with time. 

8b and 8c compare 
data at all measurement 
the landfill site. It is from these that 

was obtained between observed and 
at an Both the increase in 

concentration at all the initial stages of 
the test, and the decrease in concentration at these 

the latter stages of the test 
concentrations in the landfill were allowed to reduce), 
were well modelled by the POLLUTE. 

The concentration at the probe 
42, was 10% of the 

maximum landfill cs. This indicates that 
both the horizontal influx of fresh water along the base 

and the high horizontal seepage velocity within 
this stratum, combined to reduce 
concentrations in this layer of the modeL 

3.2 

""".,.";:",, in this section of the was 
the of accelerated 

beneath an 
of initial and conditions. 

times of up to 30 years were modelled 
the test series. Long term in-situ of this 
nature would have been costly and 
to and have 

11 



HEAT TRANSFER IN SOIL 
/ 

PURE CONDUCTION 
TRANSFER THROUGH 

ISTATICI PORE FLUIDS 
AND SOLIDS 

FINE GRAIN SOILS 

CONVECTION 
TRANSFER DUE TO 

E MOTION OF 
PORE FLUID 
COARSE SOILS 

SOURCE 
I TEMPERATURE FIELD 

UNCOUPLED COUPLED 
WITH FLOW ELD 

9: Heat Transfer in Soil 

The centrifuge test results were compared with data from 
a commercially available contaminant transport code. 
These comparisons served to illustrate the enormous 

ofa good 
of 

4. MODELLING C HEAT AND 
CONTAMINANT TRANSPORT 

heat and contaminant transport 
in environmental engineering 

to the storage and disposal of heat 
level radioactive wastes, 

waste discharges from power 
industrial processing and transport processes 
occurring in reservoirs and thermal storage 

soil may take place by pure 
conduction in which case heat is 

the 'static' pore fluid and 
particles themselves, or it can take 
in which case heat is to physical 
motion of the pore fluid itself (Savvidou 1988), figure 
9. 

The transition from conductive to 
convective mass transfer in soil is characterised by 
effective dimensionless Rayleigh Number, which 
symbolises the balance between the 
force induced by convective motion, and 
processes of viscosity and 
Savvidou, 1992). For centrifuge 

== 

4 thus indicates that will be 
between a reduced scale model and 

the prototype, with respect to the mechanism of 
combined heat and contaminant trarlsporl. 

12 

Convective in soil induces fluid motion in the 
region surrounding the waste source. Because advection 
is an in many contaminant 

the presence of a convective cell 
the and spread of a 

The centrifuge tests described in the following, were 
to investigate mechanisms of combined heat 

and contaminant in saturated soil. These tests 
were conducted on centrifuge at the 

of Western Australia. The reader is to 
nW.luv'VI et al. for a description of this facility. 

4.1 
Results 

and 

The model form that was used 
illustrated by figure 10. 

the study is 

Combined Resistivity and Temperature 
Probes (RTs) 

Centrifuge Strong 
Box 

Heating Elemem 

Porous Pipe 

10: Model Configuration 
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The models were constructed from saturated silica sand, 
and enclosed in a strong box. A 
standard sodium chloride solution C1-, 
0.2 

A small 
between the 
modeL A 
allowed the 

to be raised by up to 40°C above the ambient 

core of porous 
at the electrodes were 

that were 
The size of the 

ceramic material the electrodes 
matched the average of the IHLIU"'UI.''''; 

materials used. It is therefore believed that the 
offered minimal to the measured 
contaminant .... ''''.''!-''VA 

A series of tests was carried out to 
heat and contaminant in soiL These 

the influence of both size and 
on the mechanisms. The 

is referred to (1992) for a 
full discussion on the test series. 

In order to illustrate the influence of buoyancy effects on 
heat two tests were conducted in 
the same sand at different Results from the two 

11, which reorded 
in the soil above and 

11 demonstrates different heat 
and at Ig. 

In field the buried 
was indicative of the 'flame 

a""u,""al'Al with convective heat transfer 
9), whereas an ""',",rAV; 

of isotherms was observed around the source at 
thus the presence of conductive heat 

The influence of convective heat transfer on contaminant 
was by conducting two 

in coarse sand at 1 OOg. In the first 
the salt water contaminant was allowed to 

Australian ueomreCJ'W1UCS 1992 

flow from the buried porous 
In the second 

the 

are in 
recorded concentration rises in the soil 
below the buried 

The data shown in 12 ill ustrate the 
influence of convective heat transfer on contaminant 

In the absence of heat the 
to the lower of the 

in the presence of heat 
the contaminant was into both the 

upper and lower regions of the 

4.2 

The research in this section of the 
demonstrated distinct differences in the heat 
mechanism at Ig and lOOg, and confirmed that 

induced velocities can have a 
effect on the contaminants in soil. 

also served to illustrate the enormous 
as a research tool 

into fundamental 
mechanisms. 

5. CONCLUSIONS 

that allows 
"",,!:":I'''''' of many contaminant 

under well controlled and rep,eal:ab.le 
labof<ttol':V conditions. The usefulness of the 

tool was demonstrated by the value of 
two test series. 

The first test series, which 
from a land based waste 

worthwhile data for 
codes. 

The second test series valuable into 
fundamental mechanisms of combined heat and 
contaminant 

a geotechnical 
tool for the 

environmental 
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for the initial work described in this paper was 
a contract with the U.K. of 

the results will be used in the 
do not 
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ABSTRACT 

In order to the consolidation behaviour of slurried 
it is necessary to use 

to take account of 
the consolidation process. Such a 
into a numerical which has the "'rI'l1""'EH'P 

cope with in 
conditions. The 

model is to determine the consolidation n<>,·<>n",r,,,,.,, 

with the model. The paper summarises the 
at UW A, which makes use of the Geotechnical 
to derive the model and also to carry out some 
limited verification of the modeL The paper then describes 
some results which show what can be obtained with the 

the effects of different 
rates on 

iJ''-''AAH_0 at various times. 

1 INTRODUCTION 

The proper management of an area used for 
slurrled both and after the active 

an of the processes that 
control the movement of water in the the rate and 

and the in the 
This 

processes of initial 
consolidation under various 

and formation of surface 
due to the combined effects of water table in the 

and surface desiccation due to p,,,m.n,.,,,,, 
Consolidation of slunied is a process which 

stresses, and involves 
and 

the Geomechanics at the 
Western Australia Acutronic model 
serves two purposes in the consolidation work: 
tests with conditions can be carried out for 
calibration of the numerical and some 
studies and model verification can be carried out 
the conditions. 

This paper summarises the method of the 
numerical model for each new 

Lecturer and Geomechanics 
The of Western Australia. 

Australian 

is then used to show the effect 
conditions and rates of 

overall behaviour. 

2 CENTRIFUGE MODELLING 

is the ideal method of 
soft soils because it allows the 

nr{)nprhl "UIIUl,"lVU, but in a much 
reduced time. When a container of soil is fixed at the end of 
the arm of a it is to a 

acceleration where re is the 
of the arm, and r is the arm radius. The soil in a 

model has therefore a unit pN g, where p 
is the soil bulk and hence a model in the 
has the same stress distribution as a 

in a field. the "pr",."" 

to be modelled at a scale of 
true stress similitude. 

Because time in consolidation events on the 
square of a characteristic consolidation on the 

times faster than it takes for the 
1 day of consolidation on the 

at an acceleration of 
years) consolidation at nrn,"U'IInP 

A of the 
et al. 

contained in a container of 
to withstand the 

of instrumentation for a 
consolidation test is illustrated in L 

at UW A is 
of 

Dr<';"'H'P from the the test can be either 
surface or to both and 

bottom surfaces A solenoid valve 
allows the bottom to be switched on or off at any 
time. The water table in the bottom layer can be 
maintained at any control of the base 
pore pressure the test. Water that drains to the top 
surface can be either decanted or left on the surface. 

a test, the 
determined a cone 
miniature shear vane, or aT-bar perletrom 

199 In one case for tests on mineral sands 

various stages to assess 
stiffness and 

vertical 
actuators can also 

tests were also carried out at 
and foundation 

The actuators for these 
. As well as 

the 

17 



tests can be carried out at more than one location 
without the 

is 
still soft. can be used to monitor 
settlements at any a buried at that 

Miniature "Drock" pore pressure transducers are used to 
monitor the progress of consolidation. 

(ol:O<'HHI>' these transducers the same manner as 
the transducers settle with the 

the consolidation process, 
"lIllum",,!, at the same "material coordinate". 

At the end of the test, the is dissected to obtain 
for determination of the final and water 

content and to check the final location of pore 
pressure transducers. 

Much of the initial 

area. In some 
("slimes") fractions 
process, and some 

LVDT 

1. of 

18 

Actuator 

;I 

test. 

of ,,-L'l,,"UH'1', these tr<lrh,." 

3 NUMERICAL MODELLING 

3 . 1 strain consolidation 

strain consolidation 
thickness and soil 

of 

consolidation 
Gibson et al. ( which 

allows some of these factors to be taken into account. 
if the finite element or finite difference method is 

there is no need to this of 

are U fJ'.ld"'U 

each increment. In the small-strain formulation is 
to small increments of and the 

is dealt with 
each increment. 

In the numerical the 
incremental finite element or finite difference method has 
the that the after each increment 

at the as would 

base 

and 

each increment of consolidation 
is not loo some care must be exercised in 

the size of the time since this affects 
of the numerical 

In the absence of creep effects, the and 
of the soil on the void ratio alone. 

Thus: 
e == e(d) ................................................... . 

and 
k== 

The actual used are obtained the 
described below. 

3.2 Suction 

Final rehabilitation of a 
the surface of the 

surface 
consolidation with the water table maintained at the surface 
for either one-way or 

Australian Geomechanics-



,",Lie,,,,,,.,,, at but very low at the surface, 
lowering the water table can overcome this 

since it results'in pore pressure 
which with above the water table. 
and Toh (1992) illustrated this using the case of a 30 m 

of consolidated with a base water table 
maintained at 10 metres above the base. an 
initial unit weight of 14 kN/m3, the initial and final stress 
states are shown in 2(a) and (b), while 2(c) 
shows the pore pressures at different stages of 
consolidation. (Note that this takes no account of 

or which occur in The 
suction above the water table results in effective 
stresses, and hence .>AIS'''''''"'''''" 
surface. 

t 
30m 

420kPa 
initial pore pressure = initial total slress 

-200 kPa 200 kPa 

420 kPa WO kPa 320 kPa 

Total stress Pore pressure Effective stress 

- 200 kPa 200 kPa 

100 kPa 420 kPa 320 kPa 
Total pore pressure Excess pore pressure 

2. Hlustration of process of consolidation from 
with (a) initial stress and pore 

pressure; (b) final ,",U"UU,jU'II", 

Australian Geomechanics 1992 

Consolidation due to suction cannot continue to increase 
because the soil starts to de-saturate 

when the at the surface reaches the air 
for the soil. For any this 
established 

of air 

value 
can be 

version of this test consists of carrying out a 
standard test for linear but with the addition that 
the 

at intervals 
content hence void 

be established. 

This information can be 
prevent further suction-induced consolidation after this 
is reached. 

For the kaolin discussed later in the paper, 
limit can be deduced to be very 
I which is much 

than those to 
does not result in further 

but it can give a very 
shear and hence can in 
rehabilitation of the area. 

3.3 Shear 

The consolidation model does not give shear 
the shear can be deduced using 

the Cam Clay and this has been into 
the program. This allows the shear distribution 
with to be calculated at any stage. The to carry 
out measurement on the at any stage of 
the test allows the model of to be 

measurements are carried out using continuous I-'"""uau\y" 

o 

0.2 
<l) 
bI) 
C<$ 

..l<: 0.4 = '!:: .=: 
<:I) 

g 0.6 
0 
Z 

0.8 

1 
o 

3. 
and kaolin. 

25 50 75 100 

Water Content (%) 

limit measurements on gold 
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18 

15 

12 S 
'-.,./ ..... ..c: 
bI) 9 '1) 

::r: -'0 
6 (/.l 

3 

o 

/ 
Measured (8 years) 

Final 
Predicted 

D 

5 10 15 20 25 30 35 40 45 

Undrained Shear Strength 
measured with T-bar 
strength 

nelletJronfleter and the T -bar 
Derivation of 

from the former the use of an '"'''''"'''"''''' 
factor N q, but for the latter a closed form solution allows 
the strength to be determined rlmpf'''''' 

4 shows an 
bar was used to measure is discussed 
by (1992). In this Figure, the 

the measured at two different stages of 
the test, and the line shows the final calculated 

The 

in 
the test 

et case, in the 
desiccated crust to qc values of over 10 MPa were 
obtained as a result of the eV:lpClrallOfHI1IClUCea suctions. 

3.4 Calibration of numerical model 

The numerical model has great 
the effects of varying 

on the surface 

it is possible to do this calibration and 
a combination of mL'VHUV' 

tests and observations of the 
consolidation 
of full-scale 

areas, but the 
the 

the 

20 

at UW A is to use 
both for the model verification 

for each new tailings 

being investigated, as described by and Toh 
(1992). The test is thus not a simulation 
of field behaviour but may also be utilised to obtain the 
DaI(UlJ,eters for a numerical model. 

In the numerical 
ratio and effective stress (e-if) and and void 
ratio (k-e) for the to solve the large strain 
consolidation "HJ'LJHCU! the e-et 
'''!<UA\Y''''''W is obtained from the water content distribution 

the after the of 
consolidation on the 

There are two methods to determine the k-e 
The most direct method is 

measurement either the constant head or the 
head methods. These by AI-Tabbaa 
and Wood and Aiban and Znidarcic ( have 
shown good k-e for voids ratios greater than 
about 2. However, most slurried have 
voids greater than 3. These 
."""m,,-!U',,,:> are not suitable for such soft soils due to the 
consolidation effect of the seepage stresses which occur 

the DeImeablht'l 
The k-e be obtained 

a 
varied to obtain the best fit between numerical 
and behaviour observed in either fun-scale or 
tests. This then be used to 

both the numerical 

urauolls are 
and the numerical 

of the 

then use the numerical model with these to 
the behaviour in other tests with different rlr<I1n,l<"'p 

kaohn used in the numerical 
paper, the ",,!,aLl,"'''''''''''' 

drainage, with or without 
for For the 

described later in this 
this were: 

e = 3.15 ........................................... (3) 

where et is in and 

k 

The model was then used to the behaviour in tests 
drainage, with and without water table 

in the base showing good 
a!!l'eelmel1t between the and observed behaviour. 

Of course it is recognised that this 
limited verification of the model and the 

used. True verification is by 
with the observed behaviour in a full-scale 

The described here has been used for a 
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number of in Western Australia for the 
and mineral sands industries. to date 

the 

instrumented full-scale 

event, but with the 
had access to the results of the fun-scale 

Final of these results is still 
the results win be presen:ted. 

3.5 Limitations of the model 

and material nr"np.rtu 

which occur in a fuB-scale two other very 
of real behaviour are not allowed for in 

the water table results in suctions which 
increase with distance above the water as 
outlined above. as suction the 

may be reached where de-saturation starts to 
occur, so that the between pore 
water pressure and effective stress no holds. The 

to this can be established 

In 

correSPOI1Id.lI1lg to 

• In many the latter stages of 

4 

4.1 

consolidation of the soil near the surface may be 
dominated which will 

than 
the "n.,rA·,,,h 

model as an 
soil surface. More 

for the later 
rate falls below the pan 

APPUCA TION OF NUMERICAL MODEL 

Effect of condition 

in 
conditions 

the numerical model. In 
which can be made 

Australian 

the numerical model win be illustrated. This 
would 

stages of area. 
The cases considered are summarised in Table 1. In an 

cases, the voids ratio on was 3.0. The soil 
used are those for pure obtained as 

outlined above. The variables considered were: 
• The base condition: Case 1 had an 

while all the other cases had a 
base, but with the water table in the base 
maintained at different above the 

• Treatment of water which drained to the surface: In 
to the surface was removed 

but in all the other cases, it was 
on the surface. In the final of 

consolidation where all is towards the base (Cases 
2, 3, 5, 6 and 7), this water has to be drawn down 

Case 

1 Im 
2 
3 7 
4 
5 
6 
7 

0 

. '-.. 
'-.. 

"-

" 

8 

5. Surface 

can be 
to the total consolidation time. 
the In Cases 5 and 6, the 

oflO 

Instantaneous 
Decanted 
Ponded 
Ponded 
Ponded 

of cases considered in 

" 
+- Case 

"-, \ 
\ \ 
, \ 

\ 
\ 

\ 
\ "-

Case 2 

Case 3 

10 100 
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The surface settlement versus time for Cases 1 to 4 is 
shown in Figure 5, which illustrates the of 

condition both on the final amount and 
on the rate of settlement use of a scale of 
time tends to mask the contrast between the curves). 

Figure 6 shows the profiles in Cases 1 and 3 
(Cases 2 and 4 are not induded as give identical 
profiles to Cases 1 and 3, respectively). The effect of the 
final suction above the water table for Case 3 is to 
give shear even at the surface of over 10 kPa, 
while this is achieved in Case 1 2) at a 

of about 10 m below the surface. 
The progress of consolidation for Case 4 is illustrated 

the series of plots shown in Figure 7. In these plots, the 
initial and final conditions are shown by solid square 
symbols and hollow symbols (L::,.), respectively, 
with conditions at the intermediate times indicated 
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shown the other 7(a) shows the total 
pore pressures at these times. Initial conditions show total 
pore pressure to total overburden pressure, but the 
base pore pressure would fall to the value set in the base 

(70 after the start of 
consolidation. 

In this a dashed line at a 
for 6.3 years is drawn at the hv(:iro:,tatic 

the of the pore pressure 
isochrones with the shown the 
dashed the direction of water flow may be 

of with the isochrone divides 
from of downward flow. For the 

case indicated (at t = 6.3 IS r.('>I'",..,..,0 

... ,,,,,,,,.,,c in the zone aoove 6 metres, and downwards in the 
zone below that This of inflexion 

until at a time of about 31.6 years (0), 
is downwards. (Note however that at this 

stage, the amount of water flow would be very 
From this suctions to be at 
the water has not been allowed to 

has been this water must 
be drained back into the soil before suctions can initiate. 
This explains the difference between cases 3 and 4 in 
5 - the water in Case 3 continues to drain back into 
the soil until about 150 years, and the of 
settlement at that time is the result of the initiation of 
suction. The final shows a hv(:iro:,tatic pore pressure, 
with zero at 7 metres above the base. 

It is instructive to note that in this case, the 
was extended to a total time of over 1000 years to ensure 
conditions for "infinite time" had been achieved - i.e. to 

had been attained. Even 
excess pore pressures still 

remained. The n<lr<>rnptp'rc used in this analysis are those for 
pure and this therefore not be rpnr"c,'" 

/ , ,"-
16 I' ,"-
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8. in surface elevation for Cases 5-7. 
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of any real situation. ...r.","'""" it is also true that many 
of contain a M)!,HUAl'd so that 

very long times to reach 
eXIJecteo: in some situations. 

The effective vertical stress, voids ratio and shear 
to these pore pressure 

are shown in and (d), 
All these follow a consistent trend. It is 
that the at the surface due to the 

low base water table is not felt until suctions are 
which is more than 30 years after Note also that 
in this case, the final effective stress at the base is 
lower than the value reached after the start of 

overconsolidation is the reason 
",..",.Ii",nt of shear close to 

6). 

4.2 Effect of rate 

The effect of the rate of the area is 
examined in Cases 5, 6 and 7. In these three cases, the 

conditions are 
instantaneous for Case 7, takes 

of 10 years (0.167 
(0.333 for Cases 5 and 6, resr,ectl 

"'''''''''-'v,) in the elevation of the surface for 
these three cases are shown in 8. The maximum 

of for Cases 5 and 6 are about 16.2 and 17.5 
m which occurs at the end of .... \.-.,v"""v, 
5 and 1 0 years, When 
surface elevation in each case is close to that for the case of 
instantaneous Settlement due to surface suction 
starts after 1 00 years, since in an three cases, water 
was allowed to on the surface rather than 
decanted 

and shows the 
able to model the whole 

the rate of disposal area is 
The conditions at different stages of 

consolidation for Case 6 are shown in 
these with those for Case 4 in 7 

allows the effect of the extra 7 m of drawdown of the base 
water table to be for the final 
shear at the surface is about double that for Case 4, 
and the final void ratio is much more uniform. 

4.3 

the to even 
should 

or shows that the void ratio 
the process of ,",V""VHU,:lU,-III 

from a uniform value of 3.0 in each case, with a 
final value at the base of about 1.3. In Figure the 

between and voids ratio 

exercise are shown. On this 
show the range of voids ratio 

used in the v" ...... ,,,uv' 

in this case. Also 
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consolidation 
stiffness in the usual way. As the voids ratio reduces from 
3.0 to 1.3, it can be seen that the value of Cv varies 
about an order of as indicated the arrows on 
the axis it is clear that it is not "nr' ... Ar .... ; 

to carry out calculations on the of a constant 
value of Cv. 

5 CONCLUSION 

The paper has summarised the <>n,'rn"f' 

combination of 
The <>nr, ... tv>f' 

the 
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200 

300 

results of these tests to for a finite 
difference program, which can then be used to 
examine the effects of 

In order to demonstrate the types of results which 
ODl:amea, an example of the program to the 

is described. 

verification of the <>nY)rn,'f'h 

detailed verification has been 
nUJP''''r to 

with one 
weU-instrumented 

The cases considered in the paper show that 
can be obtained to the soil surface if the 

area has the base, with 
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used in the 

the water table at the base 
base of the 

maintained at or below the 
it is also shown that the 

times for consolidation can be very and hence this 
may not occur until some time after the end 

In some of the tests where 
surface desiccation results in 
achieved et 

As stated in the paper, the current version of the 
numerical model does not take any account of the effects of 

In many parts of net 
rates are very and therefore should be taken in to 
account, especially in assessing the rate of at 
the surface. the early stages of ... ,,,.n,,,.,,,, 
of to the pan rate, and this 

nf'l'W"n",.",tp,1 into the model as an 
condition at the soil surface. More 

models will be for the later stages of 
where the rate falls below the pan 

rate. 
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ABSTRACT 

associated with contaminated or !'V""'''''''''':! 
contaminated land. It an outline of the 

describes 
the stages of assessment or and outlines some of the 
issues involved in field and laboratory programmes. 
The paper then addresses specific matters such as 

selection of assurance and the 
ac(:eptable levels of contamination. The 

of the audit 
nT'H",np" some information 

assessment or 
who can assist with the 

of contaminated land. 

1.0 INTRODUCTION 

water in most industrialised cities. In the last decade we have 
seen in the to waste and 
uncontrolled disposal of waste to land is no 
in most communities. We are now 
formulation of contaminated land in 
most Australian states and this is on the way 
land is leased and A wide range of 

With the 

have to deal with the issues ofcontaminated 
state government, 

and consultants. 

of contaminated land '''e,.".au'u, 
there is a need for government and to 

understand the of the issues and to have an 
""' ........... ". of the technical difficulties involved in assessing 

of contaminated land. This is 
in view of current Federal and State government 

the of inner-urban land for 
residential purposes. Given that much of this land has been 
used for industrial purposes and is therefore to have 

it is critical that an sections of the 
the of assessing land 
of the contamination that is found 

of 

(1) Golder Associates Ply Ltd, Melbourne 
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(1) 

audits in Victoria. 

2.0 REASONS FOR AUDIT OR 

situations: 

land to a more sensitive land use, 
eg residentiaL 

• When there is transfer of land nUlnp,·"nlln 

This may be 
• .. "' .... "u.'" the 
or lessor to 

a land owner or an 
environmental 

As of a risk mana:gernellt programme of any 
which has the on the environment. 

• To meet statutory eg in Victoria for land 
or to remove a site from the Contaminated Sites 

3.0 OF LAND ASSESSMENT 

rn.nnllpJp a land audit or assessment 
needs 

imresltig,lti()!1S are 
r-",nnii",t".rl in at least two stages. 

Firms Practicing in the Geosciences concluded that the best 
for initial assessment or of land 

contamination was Site Assessment. 
considered that this term could be used to describe two levels 

Level 1 - and review 
and site visit. This stage involves collection of 

historical 

information ' ..... U.l\.UI raw 
and wastes, V"'UH.,. .... '" 

anecdotal information from 
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information. 
Level 2 - or nominal intrusive 

surface water 
of work would be to detect contamination 

present) rather than to define its extent. 

In conventional a Site Assessment 
(PSA) is conducted to determine the likelihood of a site 
affected substances considered "contaminants" 
of authorities' definitions of 
hazardous materials , et at There is no 
defined scope of work for a PSA. The level of detail 

will on a number of factors 

the and use of the site and risk to the environment 

the expected future use of the site 

conditions 

the purpose of the assessment 

the risk to the assessor 
can include with his 

Detailed may follow the Level 2 
Site Assessment. The objectives of the detailed 

the assessor 

will vary on the of the PSA and the 
use of the site, but could include one or more of the 

to confirm that the site is "dean" 
to data for of remedial treatment 
to validate that the site is "dean" remedial 
treatment 

4.0 PLANNING OF FIELD AND 
INVESTIGATIONS 

Audit Certificate 

Careful is for the field and 
programmes of a PSA. In the decisions have to be 
made on: 

28 

the areas to be 
the number of 
the location and 
the method of 

'U ' .... "CA v. the site and an un<ier!,tallol1 

of the site. 
Distribution and of known fill materials. 

and location of industrial nature 
of the processes and the storage locations of material 

wastes). 
• Locations of known leaks and other releases. 
• to and the of the soil and 

rock. 
• The """"ULV 1lV\tpnh,,1 contaminants. 

of the area 

The sections describe some of the factors 
which should be considered in the of a "",-,.,ni'", 
and 

5.0 SAMPLING 

The decision of how many and where to is a common 
for all assessors of contaminated land. Given the 

;n,'v;ll"h;I;lv of constraints it is necessary to 
an to maximum information 

for reasonable cost. It is obvious that of the soil or 
a site cannot be and therefore 

that are 

t-"on",pnr'" and it is up to the assessor to 
determine the acceptable number of samples. In so the 
assessor must consider: 

• Previous site use. 

may be where either a uniform distribution of 
contamination is suspected or where little is known about 
the site. 

should reflect the block 
and every block is if the site is to 
be used for industrial purposes then a lesser number of 
samples may be am)rm)rialte 
The type of and 

The 

characteristics of the site 
and the characteristics ofthecontaminants 
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6.0 

The or risk to be assumed by the assessor or 
auditor. this is not a technical consideration it 
is nevertheless a critical aspect of the of the 
assessment or audit programme. In 
l'lnTlrn'JP{1 auditor assumes 
of a Certificate of Environmental 

than if his 

OFANALYTES 

in the issue 
he may 
certificate was 

there is a limited number of chemicals that are 
considered to be hazardous and can be to occur in the 
environment. In the the EPA has lists of 
hazardous chemicals for the various -- .•.. 
These lists include no more than a few hundred 
For in assessment there is a list of 133 
chemicals which are considered in any 
programme In Australia there is no 

some 
programme. 

7.0 ASSURANCE FOR FIELD AND 

Field 

minimise 
the occurrence of cross-contamination of either 
from or from sources external to the site. 
For 

to avoid 

Australian Veom!eci'l-arllcs 

8.0 

soil or water on the 

methods and should be 
minimise alteration of the chemical state of the .• n 
A is the loss of vola tiles from soil and water 

to under-estimate of volatile 
concentrations. Consideration must be to 

and times before analysis. 

Careful programme is 
consideration to: 

eg based 
or 

- data is the data ? 

authorities. analyses should be 
with NA TA-endorsement of results. 

control 
be used. These should include analysis of ""!,U'''''''''''', 

and use of reference standards. It is 

of soil. In IJU,'l'."'''' 
In"Vl'lTlf'P. should be made for 

10 to 15 % of 

OF 

Once and chemical analysis has been for 
a site it is necessary to determine the consequences of the 
observed concentrations of chemicals with to the 
health the site and with respect to the 
on the environment. This is one of the most difficult 
of any site assessment or audit and introduces an area of 
considerable controversy between and the 
environmentalist. We are often faced with views 

what is an level of contamination to 
leave on a site. The extreme views are: 

the site who says "I've been here for 40 
years and it hasn't hurt me"; versus 

level of contamination 

it would be best to to a level which ensured 
that no contamination remained in soil or 

levels can be 
any concentration of a chemical in the environment which is 
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that can be used to determine 

• Prescribed levels of acceptable contamination. These are 
agencies and generally 

levels for certain eg further 
of the site or of the site. In some 

cases these levels make allowance for soil types 
and final land use. in most cases take no 
account of soil and are not site Thus many 

do not like this to determination of 
acceptance criteria. 
criteria and "" ... "v, .. ,",'" 
and for decision 

• Risk assessment. This is a process where the risks associated 

30 

with any level of contamination are 
with to health and environmental 
process involves: 

- data collection and evaluation 
- exposure assessment 

assessment 
- risk characterisation. 

a 
a or routes, to one or more 

receptors or targets, which may vary in 
"VI""""""1'. on the intended use of the land. The main 
groups of or targets which are relevant to the 
assessment of contaminated land are: 

- humans (workers, persons using the site and 

v .. ,"","."" materials and services. 
there are both direct and indirect 

those or on the 
site which include: 

i) of contaminated soil 
inhalation of vapours or contaminated dust 
dermal contact 

and indirect also <>H',-"',,,,1'. 

site which include: 
of water resources and 

vi) contamination of water in 
the contaminated soil 

the food chain 

9.0 

fire or VAI>-""""'-'''' 

inhalation of vapours prcKiUiced in a fire. 
of an concentration of a 

contaminant should take account 
which the receptors will be to the contaminants 
and both and chronic health risks. In process 
of risk assessment many must be made and 

In the state of Victoria a has been 
The Victorian Environment Protection Act makes 

nT, ... ".,,,,.,,n for the of environmental auditors. At 
the beginning of 1991, six individuals were as 
auditors for contaminated land with under the Act to 
issue Certificates of Environmental Audit Under Ministerial 
Directive Number 1 of the Environment and 
Certificates of Environmental Audit are rl>,,,,i,rl>rI 

when land which has been used for industrial purposes is 
to be rezoned for a sensitive land use such as residential 
use, land use and some of open 
space 

to a site 
contaminated sites. 

removed from the register of 

The current form of the the auditor to state 
" ... that I am thatthe condition land atthe 
site is neither detrimental nor detrimental to any 

use land at the site." 

In its current form 
on the auditor and this will have an on the AVU,,,,'V,,,, 

industrial land for residential purposes. It is 
will evolve with time to a less 

restrictive form. 

Consideration is also being 
in other states of 

which seems to be the most advanced on this course. 

10.0 OF PROFESSIONAL ADVICE 

It is to understand that the conduct of assessments 
and audits for contaminated land often involves a multi-

A range of specialist services are 

associated with the assessment of contaminated land and can 
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draw the range necessary to 
a rational assessment of a site if necessary, 

solutions for the remedial treatment of contaminated 
land. 

11.0 CONCLUSIONS 

The or 
contaminated soil and is now an 
environmental issue in Australia and one that has 
to on and the economy in 
generaL To the environmental authorities in Australia 
have been able to to land 

.. .. .. .. ""''''''' .... ''' 

I iI 
Manufacturers of a range of instruments 

and volume 

Australian Geomechanics- 1992 

nrr\vli1pfI that the contamination does not constitute a 
hazard to the persons the land or to the environment. 
Nevertheless, owners of industrial land and of 
former industrial land will have to be 

loss of value of their n,.rmprt" 

understand their risks in this area of environmental law and 
seek advice from professionals with sound experience in the 
area of assessment and auditing of contaminated land to assist 
them. In advice and careful 
nelwtlalJlon with the environmental 
instances, it will be to 

strategies that minimises 
environment and cost to the site owner or 

'" I 
reactive soil flow 
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Wagstaff Piling with 
its equipment a 
technology resolve 
waste containment 
problems by 
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impermeable 
membranes 
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PARKER (2) and M.A. SADLlER (3) 

This paper provides an overview of the application of 
geomembranes in Australia and relates the current trends in 
use to the environmental regulatory control now applicable. 

5v''''UV'U v .. ,uvuse in Australia 
which effectively a of usage and some 
indication of where future trends may lie. 

There has in Australia 
and the current regulatory framework allows considerable 
UvAn,. .. ,]' in approach to disposal of wastes. Where there has 

,,'p'r1nPlnt to contain waste, compacted clay has 
been the favoured choice for formation of low 

pelrm1eat)Hlt:y barriers. 

the 1980' s there was increased use of geomembranes 

H()'wp.'vP,l" the extent of use is considerably 
less than in the USA even taking account of 
differences. Nevertheless, the use is increasing and will 
continue to increase as the regulatory authorities 
increased application and of waste 
containment systems. 

This paper has been an outline of the 
environment which exists in Australia 

and the impact that this has had on the use of 
for waste containment. In addition the paper documents the 

future directions for in Australia. 

REGULATORY FRAMEWORK 

In discussing the use of ge1Jmem in Australia it is 
to understand the 

influence environmental control 
ruu .... Australia is considered to be an arid 

country, there is only limited reliance on use of 
for domestic purposes and this is in rural areas. In 
many areas to saline, thus 
the use of the water. 

no'''''''''''''' for domestic purposes, the 
limited and the sparse of 
Australia combine to produce an environmental 

(I) This paper was first presented at Geosynthetics '91 Conference, 
Atlanta, USA. 
(2) Golder Associates Pty Ltd, Melbourne, Australia 

(3) Geosynthetics Consultants Australia, Melbourne, Australia 
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framework very different to those of North America and 
until very the approach to disposal of 

and domestic waste has been based on the 
principle of "dilute and disperse". As long as the waste was 
placed in a confined area and was out of sight, 
limited control was placed on the disposal process. This 
attitude is now and we are seeing the 

'''" .... <>,." of a framework that will 
much greater control over the disposal of all forms of waste. 

In Australia, environmental and regulation is 
largely a state matter. Federal can control 
environmental matters use of financial controls on 
the states, consideration is being to formation 
of a national Environment Protection Each state 
within Australia has 
environmental legislation and 

separate approaches to 
so that there has 

been a in control measures V"',,,,,,.,, for waste 
disposal. In there is seen to be a 
difference in environmental controls between so-called 

states" and the states". 

As environmental awareness changes within the ",V • .,""U'" 
and attitudes to environmental responsibility and 
change within and government, we are seeing 
changes in environmental control. there 
is still the states, evidence of change in the 
approach to control of waste and concern over 
contamination is seen in the 

have been constructed or 
n .. r,nr\'opi1 for several landfills in at least three states. 

Most states are now consideration to be given to 
closure of was te disposal si tes in the 
Greater attention is being given to issues such as appropriate 
capping measures and gas control. 

Most states are now concerned with the issue of 
contamination of soil and 
states have guidelines 
contaminated land and one is 
of of contaminated land. 

APPROACH 

and at least three 
for assessment of 

formal 

Australian use of geomem branes has been in 
health areas and 
been considered 

applications for industrial 
it has been in recent times that 
in waste disposal. Some of the reasons for this are the 

the lack 
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exposure 
exposures occur. 

in 

leach mineral extraction most 

to in 
as installations intended for short term service to have 

The attention has now shifted more to 
environmental in a broader sense as well as solid or 

waste containment and treatment of 
... "" waste np,,,o',,,c and covers for anaerobic processes. 

Since there is limited 
for is still chosen or not chosen on the basis of 

an economic life cost after with other 
that are considered viable. These other may 

include 

is 
''''''UU.'!,> to compare 

in areas where there are limited 

The sections describe 
use in Australia. These 

use. 

REDMUD 

One ofthe first scale uses in Australia 
was at Alcoa of Australia'salumina works in Western Australia. 
Of the 

ona 
site known as Area H. 

was the first to use ge()m.em 
Pond and then a red mud 

cracks between construction and 

liner 
It was considered that such an "V",,.o,,r" 
economical than construction of a thicker "","'n,.,,,!,,,,,... 
liner. 
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for the Pond (area of about 
Area H (area of was as 

O.5m of rornn,.r,,'n 

moisture content 
at or wet of 

• 0.76mm 
air-lance 

field welded and tested 

nrr",,,,p an underdrain to the red mud and as 
from traffic. 

to facilitate 
collection. The underdrain was 

consolidation and hence densification and as a measure to 
reduce head on the liner 

to the construction of the K winana facilities in 
1980 and 1981, Alcoa constructed similar for 
otherredmud areas in Western Australia and in recent 

HDPE 

<!v<!tPnl<! for water retention 
structures and in the 

1980's. 
Australian in the 

PERSEVERANCE GOLD HEAP LEACH 
VICTORIA 

considerable use ofHDPE for 

is used as an \.-"'>.lUll"\.-

is one ofthe few in Australia 
construction. 

The Perseverance Gold Mine is at about 120km 
north of Melbourne in an area of traditional mixed 
wine It is an open mine with the ore 
crushed and treated leach up to 
30m with 

The immediate subsoil conditions ""r"nv'",,,, 
and the 1.0mm thick HDPE [fp,-,,.,.,,,,.,.,t,,·,,,,,,, 

installed 

H.", ""'''.a U'lJ' window from 
of 1989 into the winter which arrived with 
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Conditions for and field of the 6.86m 
wide HDPE sheet became difficult with wind 

to some of the liner and an unworkable wet 

was ",-"nU'VGU 

demanded new ",,,,,,,.,,t,,,,. 
wind shifts and to take 

extrusion 

geotextile fabric was 
conditions and the liner 

1""'''''')0; from fixed locations. This 
to 

was 
non-destructive methods and some destructive 

commenced in 1989 and 
with a second stage liner 

conditions in the 

HENDERSON WESTERN AUSTRALIA 

This is the first use of a liner for a landfill in 
Australia. The Henderson Landfill site is located near Perth 
in Western Australia within the of Cockburn north 
of Alcoa's red mud areas at The near 
surface E:>V'''Vf,J 

shallow 
area is limited domestic purposes. 

industrialised and the waste stream includes many 
nm.N,·V as well as the normal 

domestic waste. 

The first was to establish a transfer station within the 

30m 

2Cm 

10m 

and consolidate and cart the waste to a remote, 

I 
I 

\ 
\ 

I 
I 

UPPER SUMP 

EXISTING 
I flOOR LEVEL 

1 __ 

l".'-""ul"' .... ''''',J secure less ,",GI,'''''LAVG 

to establish a landfill within the 

.. '.!', .... u ... v"" .. ,,'J"" put the cost of the first 
about A$30 per tonne with about 40km of 
second at about per tonne the nrp'rn,,,rn for 

which was estimated at A$4 per tonne. 

The site itself is 
base and the water table is "U''''''''',J 
floor. Site nr,·n",."tinn 

liner was installed over those 
of the site where the base was less than 3m above the 

of the local EP A. 

The liner itself is 2.0mm thick HDPE liner in 6.86m wide 

of fusion and extrusion 
a program of non-destructive and destructive 
area is about and the installation took 
about six weeks. 

Leachate is collected via sumps for 
recirculation and eventual treatment. 

WESTERN AUSTRALIA 

This is in the of Gosnells near Perth. in Western 
Australia and it started life as an industrial waste 
collection and has since been up with domestic 
waste to the installation oh HDPE cover. 

The came imo service around 1979 and was 
amix 

in an area of soils. There has been some 

FINAL SURF ACE 

, 0, 

REFUSE ,"" , 

<0' ' 

GEOMU1BRANE 

CLAY LA'!'(R 

) 

\]1 

\ 
TEMPORARY 

BUNO --,,-

lOOm 200 m 300 m 

1. Cross-section - Henderson 
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evidence of local soil contamination and several incidents of 
1987 and 1988. The 

since become 
bulldozer 

firm and was able to ""Tl1V),n 
a track bearing pressure of about 10 

without difficulty. 

The cap has the 
Glick lVH ..... "" ...... 

layers, as illustrated in 
1990b): 

Sandy Loam - Soil Cover - 300mm 
• Clean Sand - lOOmm 

1.0mm thick HDPE 
• Clean Sand - lOOmm 
• Clay Cover - 300mm 

CLEAN SAND 

CLA Y 

2. """"I,'" 

LOAM COVER 

. "EfUSE ... 
co " .c> • 

- Gosnells 

2 

The dimensions are 132m by 58m and the cover crown 
is superelevated by about 3.5m relative to 
is restrained by anchor trenches. Gas vents are fitted across the 
crown and around the edges. 

The cover is to be constructed from l.Omm thick HDPE liner 
in 6.86m wide seamless rolls and welded 

by non-destructive and destructive testing. 

To the of the authors, the Gosnells site will be the 
first use of geomembranes in Australia for capping of waste. 
However, there are at least two other sites in the design 
which will involve using composite liner systems. 

tailings near Perth and an 
site in Brisbane 

BRISBANE CITY COUNCIL WASTE DISPOSAL 
CONTRACT,QUEENSLAND 

of Brisbane is a serving a of 
about 1 million Tenders were caned 
a contract for waste collection and disposal of the entire 

for the next 30 years. for the 
contract attracted several bids, at the 
these have been narrowed down to two remaining bids both of 
which involve use of geomembranes in combination with 
other lining materials. The sections describe the 
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systems for each of the using 
information obtained from available information 
(References 3 and 

Blrr .... "'''.,n Rochedale LandfiU The proposed Rochedale 

the site. 

Waste is located in a former 
located to the south of the Brisbane CBD. The 

in clayey soil and is generally above the water 
there is evidence of spring in of 

The liner design is illustrated in 3 and 
comprises the following elements: 

sub-liner groundwater 
drainage system) 

0.9m of compacted local clay soil to have in situ 
of not less than 1 x 

1.5mm HDPE geomembrane 

leachate collection system comprising geonet 
geotextile and selected porous fill. 

will involve of the base and 
of batters. Final of the site will involve 

a 1 m thickness of compacted covered by topsoil. 

COMPACTED REFUSE·.:' 
:"?':.'.:'.;;':: : .... c?.: ........ :.;;: .. 

.··.0: '. 

0.6 
. SELECT POROUS FIll· 

COMPACTED PREPARED SURFACE 

3 Base Liner Rocheda/e ... "',.,,"'" 
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.,.,."."-,",.,,,,£1 Swanbank 
is to be located in the 

Shire of Moreton located on the western of the 
of Brisbane. The site is a former open cut coal mine used to 

coal to the Swanbank Power Station. A cross-section 
of the liner is illustrated as 4. 

REFUSE 
LANOFllL 

LINER 
PROTECTION 
SYSTEM 

LEACHA TE 
DRAINAGE 
SYSiEM 
COMPOSITE 
LINER 
SITE 
PREP ARA TION 
GROUNO'W A T ER 
DRAIN 

LD'W 
PERMEABILITY 
BASE 

4. 

lOm - SELECT FlU 

8> 0 .." , • 0 

•• " "0' : ": O.35m - GRANlIlAR FILL 
".0 •• " • 0 COARSE GRANlflAR F!ll 
". • • 0 GEOTEXTILE 

LEACHATE COLLECiION PIPE 

Base Liner Swanbank 

Once the site has been and a of 
will be installed at the base of each landfill 

The composite liner .... , 

HDPE liner underlain 
liner. 
from 

waste to nn"",w 

will be overlain a non-combustible 
Df()te(;tlCln over the system. 

Australian Geomechanics - 1992 

There are many innovative uses for 
considered in someofwhich 
trends. These include 
cut-offs for vhi"""'J;:; 

below as an vA,,,,,,V'''' of one of these innovative uses. 

animals or insects in search of food. Wide roll widths allow 
widths 

to avoid 

There are now several successful farms in northern New South 
Wales for markets 
and there are in hand to use 
power station cooling to cultivate seasonal 

FUTURE DIRECTIONS 

new taxation measures 
Geomembrane use is 
leach in the 

It can be that there will be environmental 
awareness and control for the of 

to lead 

as an alternative to for use in composite systems. It can 
be that a conservati ve view will to the further 

of it will be a matter of 
and 
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In this environment it can be expected that use 
in Australia buton a basis of continual enhancement 

cost effectiveness, If there is to be 

assurance 
programs. It will be necessary to educate owners that 

systems will be achieved if an of these aspects are 
handled by Pvt"", ... ,pn/'p£l 

and fabricators. 

CONCLUSIONS 

Geomembranc use in Australia is increasing at a 
rate but does not have the by centralised 

u<auv,,,, and technical which would give rise to 
ex tensive environmental "1J1'"'U'_""V'i'''. 
and hydrogeological reasons for the less .• 
to environmental matters in Australia. 
use will continue to increase on the basis of economic 
aplJfaiisal of control measures and that nP.'form 

standards are maintained. 
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M.A. 

As much as we programs for waste 
reduction and we will continue to need waste 
disposal and treatment facilities such as and landfiHs 
for both hazardous and non - hazardous waste. We have a 
collective to ensure that the environment is 
nrr,tp('tp,; from undesirable from these facilities. 

V"''''''A'- materials are 
as landfill leachate reservoir 
liners and covers as wen as for process containment for 
industrial and environmental 
these systems in relation to the extensive USA 

"",,·,p.'rp and looks toward those areas where we can make 
better use of their DOI:enltJ.aL 

to overcome many of the 
where 

1.0 INTRODUCTION 
in liners in North America 

and has been driven by frameworks which 
in the case of landfiHs demand fail-safe containment and 
leachate collection systems which have 

have not been so concerned to 
contamination and for landfiHs have been 
'dilute In SE Asia the 
liners in waste containment has also been limited. We are now 

an concern for and 
we can take of others' 
liner systems and landfill systems. 

In addition to their growing use in waste and waste 
water treatment liners have been used 

in Asia and in Australia for water reservoirs and on 
a more limited basis for reservoir covers and for 
covers to sewerage to enable them to function as 
anaerobic 

(1) Based on a paper originally presented at the 'Baucon - New Frontiers' 
Conference in Singapore April 1991 when the author was an employee of 
Polyfelt Geosynthetics. 

(2) Geosynthetic Consultants Australia, Melbourne 

(2) 

2.0 LINER TYPES 
low 

used in earthworks to 
desirable to locate a secure landfill within a natural 

of low 

liner construction. 

""""'''''U' liners have been in many aspects in 
recent years and can now offer excellent chemical and 

resistance with installation and 
that have lead to an level of 

of an ideal combination of 
and 

in some respects 
but detract in others. For instance modification of the basic 

and chemical resistance. Plasticisers 
in may orleach out overtime or even 
encourage liner by animals. 

recent innovation in terms of 
has established itself 

containment. HDPE liners are based on 
resins with less than 2% carbon black and no other 

additives which can over time. 
sheets and recent in 

have made their field installation reliable and 
efficient HDPE ,'''' 

greater 

3.0 LANDFILL LINERS 
In Australia the use of 'natural' or 

chosen as an in Q"',,;rr," 

when the waste stream was seen 
In recent times liners have been chosen on occasions 



as a result of a pragmatic costlbenefit examination of the 
alternatives and a recognition of the difficulties involved in 
exercising control over the materials which are directed to 
landfiU which can result in leachates and sludges which are 
difficult to 'cocktails' of different reagents. 

3.1 Henderson LandfiU 

The Henderson landfill liner was the first use of a 
liner for a landfill in Australia. It has now had a 

second stage extension added and the initial 
by Parker and Sadlier (] 991) 

3.2 Other Projects 

is discussed 

There are a number of landfill projects in 
stages in several different Australian States where synthetic 
liners are an of the overall strategy. These 
include the Brisbane City Council waste 
where several of the tenderers proposed HDPE liners. The 
successful Rochedale Landfill included a synthetic 
leachate collection system and a 1.5 mmHDPE liner over aO.9 
m compacted clay liner. 

Engineered clay liners are still used on occasions such as the 
(Vic) landfiH which took advantage of good quality 

clay at site. 

4.0 LANDFILL CAPS 

of an effective cap to control water ingress and gas escape. 
Closure liners with gas collection and drainage are often an 

of the design of new waste disposal facilities. 

Landfill closures often a somewhat different set of 
properties for liners than do landfiH bottom liner 
installations. In cap design presents the 
geotechnical engineer with greater concern regarding long 
term slope and accommodation of differential 
settlement Friction between liners and materials 
contacting those multiaxial elongation, and 
become more for covers. And because leachate 
does not contact the liners and there is limited UV exposure, 
chemical resistance and UV exposure resistance become less 

Resistance to the components of landfill gas is, in 
many cases, all that is necessary. 

Asa liners with a textured surface to rnn,r,.",p 

friction angles, and Very Low Density Polyethylene (VLDPE) 
geomembranes are becoming very attracti ve to geotechnical 
engineers. They considerable improvement in those 
areas which are installation. These materials, 
however, in standard index 
testing of geomembranes, when ,..n.lrnn<>r.'r1 with traditional 
polyethylene liners. 

Because of their elasticity, geomembranes can accommodate 
in the closure subgrade without losing their barrier 

performance. Standard clay caps, on the other can lose 
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a great deal of barrier performance due to their absence of 
elasticity and the consequent of cracks and 
fissures. Clay caps can also experience difficulties with 
variable compaction, moisture and root 

no interconnected pore structure, geomembranes 
have no true since permeability coefficients 

on Darcy's a correlation for laminar flow in 
porous media. What little movement takes place thr'",,"oh 

geomembranes is by diffusion. For water, diffusion u,,'vu,," 

polyethylene is roughly a million times less than the 
UHV ... well compacted clay. With no effective 

against both rainfall penetration into the closure, as weB as 
landfiH gas escaping from the closure. Good containment of 
landfill gas means that gas collection becomes more interesting 
and that vegetative covers for the closure grow much better 
since the gas does not contaminate the roots of the vegetation. 
This enhances slope even further and provides better 
erosion control for the final closure. 

4.1 Very Low Density Polyethylene (VLDPE) Liners 

Very Low Density Polyethylene (VLDPE) is a modem grade 
of polyethylene which takes advantage of the catalyst and 
copolymerisation ofthe grade 
polyethylene's of very 

VLDPE combines many features 
ofHDPE membranes, e.g. lack of plasticisers, low temperature 
resistance, carbon black good strength 
without the need for fabric reinforcement, resistance to 
microorganisms, insects and rodents, etc. VLDPE also has 
excellent natural which is and not the 

as is the case with most other very flexible 
membranes. Stress crack resistance is also excellent. And 
VLDPE gives good results in truncated cone and 
multiaxial elongation tests as well. It's as a very 
durable liner for final cover of landfiHs is substantial. 

1 shows results from tensile testing of HDPE and 
VLDPE liners in both smooth surface and textured form. 

-u 

HOPE TEXTURED VLDPE TEXTURED 

FIGURE 1. 



VLDPE is also available as a textured surface geOITleun.ol 
VLDPE combines its 

materials. 

4.2 Textured Polyethylene Liners 

Some of the hazauds that arise from the very low interface 
friction angle of smooth surface liners aue 
discussed by Sadlier and Beckingsale (1992). 
Textured surfaces for liners have been in 
response to for more stable interfaces. 

Most textured HDPE sheet made by 
'"'''''n,·''''''''' in the outside 

textured layers with the inside smooth layer. Since the 
occurs in the molten the textured surface is 

with the inside layer, which acts as the barrier to 
abrasion 

surfaces. 

liners. The friction angles indicated aue 
and will on test set up, and materials. 
For purposes, actual site materials should be tested. 

Direct Shear 

FIGURE 2. 

4.3 Multiaxial 

of the outside layers sets up a wavy interfacial zone 
between outside and inside layers of the sheet which can cause 
edge-effects in a narrow 6 mm for ASTM D 638) 
tensile These edge effects act as stress (,,,,,,,-.,.,,1"1"<1,, 
notches to reduce tensile break in 
standaud uniaxial tensile testing of textured sheet. 

is one reason for the 
vv.:;u,uo;; to examine multiaxial tension 

and elongation This is 
lauge scale burst test which delivers tension to a liner 

in 360 degrees, instead of a uniaxial one-dimensional direction. 
A used test method for multiaxial 
GRI GM4. is the Geosynthetics Reseauch 

USA.) 
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andVLDPE 
to standaud smooth HDPEand VLDPE in 

The of multiaxial testing is that it eliminates 
edge-effects in uniaxial tensile testing. There aue 

no edges in the test to influence results when 
them to the lauge scales in the field. For this reason 

as well as for the fact that tension forces in the field aue very 
often multiaxial is considered a 

test, more suitable for design purposes than the 
uniaxial tensile test. 

Because edge-effect bias is the multiaxial 
test offers a better test to eval uate 

of textured liners. 

4.4 Gosnells LandfiH 

This is in the City of Gosnells neau Perth W.A. and it 
started life as a industrial waste collection and has 
since been up with domestic waste to the 
installation of a HDPE and soil cover. Details aue 
discussed by Pauker and Sadlier (1991). 

the 

geosynthetic liner system a" 
strategy for the more severely contaminated auea. This 

is discussed in detail by Sadlier, i-<plhpr,,,,,-,, 

and Maush (1992) 
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5.0 GEOTEXTlLE USE WITH SYNTHETIC LINERS 

The last two are discussed here. 

5.1 Geomembrane Puncture Protection 

are 
installation of the liner system as well as after \..VlIHI-"""IVU 

construction due to loads by waste and other cover 

acting 

Pyramid Puncture Test (modified CBR) 

0.5 1.5 
liner Thickness· mm 

FlGURE4. 

2 

Geotextiles can be below 
and wear due to abrasion caused by 

rocks in the and above the ge()mlembnme 
by 

cover. 

filament 
polypropylene In this illustration the has 
a unit mass of 400 glsqm and it is interesting to note that the 
effective resistance of a 2mm liner can be nrr'''U1Pr1 

by a Imm liner and at considerable cost 
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5.2 and Air Transmission 

thick needle non woven 6"'v'''''''''' 
a three dimensional fibre structure and 

have 
""'"a>;" of air 

voids which allows radial free flow and gases in the 
of the fabric. As such, can be used as a 

situations which are nr.>cpnta.rl 

Between the two membranes of a double 
order to drain any 

(top) liner. 

• Between membrane and 
waste material to drain 

or between membrane and 
waste seepage or 

and 
decrease the interface 

Beneath a liner in a containment 
system to divert gases from beneath the system that can 
accumulate due to organics in the soils. 

Beneath intermittent and finallandfill cover systems over 
waste to act as gas transmission media and divert 
gases to collection systems. 

5.2.1 Water Transmission 

surface tension and flow characteristics so 
tests are essential. Transmissivity responses 
nonwoven as a function of normal stress are 

available and calculations based on Darcy's formula 
can be used to determine if flow capacity is sufficient. 

In many cases the flows are not and are 
with confidence but control is still critical. 

is often based on order 
correlations. 

nonwoven 
systems such as geonets must be installed. 

5.2.2 Gas 

In this the same considerations and 
calculation methods as for water transmission can be used. 
Because of the of nonwoven 

state), gas 
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transmissivity, since even with a 
!'."'".,,"" .. ,'" there will be sufficient gas 

of gases. 

6.0 'V ..... n-um:. LINERS AND COVERS 

liners are well known in containment around 
Australia and in Asia but there is VU',"'''Ll<U to make better use 
of of water from 

Golf courses and have made use of thin 
PVC liners for water containment and this choice has been 
made on the basis cost at the expense of 
service life unless a soil cover is also used. Dissatisfaction 
with long term of PVC liners in such VV"U<1,15'''' 
has resulted in a trend towards thin HDPE and VLDPE liners 
which 

then a liner material with excellent """W"'" 
this can be in conflict with the 
UV mp·.,n,pr, 

\.-UllUU''''''U'''''' of materials to maximise U""AC""'J 
and to maximise UV 

7.0 ANAEROBIC LAGOONS 

Anaerobic is a very effective method for UIL'"''<'''''(''' 
treatment of sewerage and covers in HDPE 
can sustain anaerobic 

This of cover can be installed over existing aerobic 
lagoons to the twin benefits of anaerobic and 
odour controL industrial find this COTICelJt 

sewerage authorities 
""11"'1.-'''''''''' of urban sprawl areas closer 

to aerobic lagoons. 

there is very little fluctuation in level in these 
lagoons and the gas is collected under a vacuum so that 
chemical UV and 

over HDPE 
the normal choice of cover material. The cover is 
attached to a concrete anchor beam or restrained by a 
backfilled anchor trench and HDPE are used for the gas 
connections. Floating end details are also possible and this 
allows the of lagoons. 

for food processing plants at in W.A. and Bendigo 
in Victoria. Very Melbourne Water have installed the 
world's largest HDPE membrane digester cover over 
an active anaerobic at their Werribee Sewerage Farm. 

An indication of the of the is the Sonoco 
paper mill in South Carolina USA which measures 

Australian Geomechanics - 1992 

290 m by 120 m and is made from 2.5 mm HDPE. 
It removes 60-80% of the effluent BOD and nr"',rln,f'pc 

aplJrOXHlnately 10 of bio-gas of which over 50% is 
is used for its value. 

8.0 

membrane liners have been seen in various 
dlJiIJUlvdl'U"'" around the Asia Pacific Region and most senior 

will have had at least some 

With the demand from the 
ofleachate formation and possible escape 
facilities there will be many to use 
liners to our environment. There will also be 

in 
for effluent water treatment. 

As with many newer 
''''''''5'''''''''' of the attributes and 

success will come from 
of 

measures. 
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SmJPSIS: Geotechnical investigations to assess the physical nature of the subsurface conditions, the gecchemical 
properties of the soils and groundwater and the hydrogeological regime existing in an area proposed for the landfill 
disposal of Aluminitnn Smelter waste were undertaken to ensure safe and responsible managenent of this waste material 
was carried out. 

The studies of the Wallaroo site have indicated the deeply weathered soil profile to have serne useful 
characteristics for landfill disposal. The Pennian rocks have been strongly and deeply 1tIeathered to a heavy clay that 
has a low permeability and the clay mineralogy has been established to have a significant adsorptive capacity for the 
waste chemistry. 

A hydrogeologic rn:xlel of the site was prepared using finite elerrent canputer techniques and correlated using 
rronitored response fram piezerneters installed within serne 90 boreholes drilled to evaluate the site. The groundwater 
level response and its sensitivity to variable infiltration rates and permeability parameters was then predicted using 
various rn:xlel rainfall events. 

Based upon the investigation data and the rn:xlelling results, a proposed "Waste Disposal Area" was selected. Two 
trial pits were constructed in this area, using sand to simulate the waste material. The area of these trial pits 
was extensively instrtnnented to assess rainfall infiltration to the pits and surrounding ground. The area was then 
subjected to extrerrely high simula,ted rainfall, using a spray irrigation syst6TI, and the performance assessed. 

The effects of leachable fluoride and soditnn and the high pH on the acidic clay have been studied in batch tests 
and distribution coefficients and maximum adsorption capacities measured. High concentrations of soditnn and fluoride 
have also been passed through canpacted clay core to study the effects on permeability and a decrease in permeability 
has been observed. 

Following these extensive studies approval was granted for the disposal of wastes in the landfill on the basis of 
the inherent favourable geotechnical properties of the site together with the various safeguards provided 
going nDnitoring and the favourable chemical interaction of the leachate with the surrounding natural clay. 
disposal canpaigns have now been conducted successfully. 

1 IN.IR:UCl'ICfl 

Potlining waste, the major waste fram the aluminitnn 
smelting process has significant levels of leachable 
fluoride, cyanide and soditnn and has a high pH. At the 
present time and into the foreseeable future there are 
major difficulties in treating this waste in an 
environmentally satisfactory way to rem:JVe the problem 
ccrnponents. 

In Australia the current practise at established 
smelters is to either store the waste above the 
Witll collection and treatment of leachate, or 
disposal of the waste. Similar waste management 
methods are used in USA. 

A nEW smelter operated by Tanago Aluminitnn Canpany 
comrenced production in Sept6Tlber 1983 at 'l'cmago which 
is situated 160 km north of Sydney. The smelter 
produces sane 200,000 tonnes of aluminitnn a year and 
will produce about 10,000 tonnes per year of solid 
waste. 

During the period 1983 to 1986 a detailed 
geotechnical investigation was carried out over a 
selected potential waste disposal site serne 20 km north 
east of the smelter at Wallaroo. 'l'he location of the 
proposed waste disposal site is shown on Figure 1. The 
investigation techniques adopted were as follows: 
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Terrain Evaluation, Regional Geology and 
Surface Hydrology studies 
Drilling of boreholes, soil sampling, installation 
of piezerneters, field permeability testing and 
rronitoring of groundwater levels 

Hydrogeologic modelling 
Soil structure and soil chemical analysis 
Trial disposal pit construction and flDnitoring 

An area of same 200 ha was initially assessed and an 
area of 50 ha selected for detailed study. An area of 
about 0.5 ha per year is required for landfill 
disposal for a 3 m deep thickness of waste. 

Figure 1 - Location of Landfill Site 
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The proposed disposal area is situated on a flat to 
gently sloping topographic divide between the Port 
Stephens Estuary to the east and Grahamstown Reservoir 
to the south-west. The Estuary contains extensive 
cc:mrercial oyster leases and the Reservoir is a town 
water supply. The land is covered by a dry 
sclerophyll (open woodland) Eucalypt forest. 

Beneath the forest there is a deeply weathered 
lateritic clayey profile developed on interbedded 
Pennian siltstones, mudstones and clayey conglorerate 
beds to a depth of 20 to 40 m. At depth below the 
weathering zone beneath the proposed disposal site, 
there are gravelly strata overlying jointed rhyolite 
and ignimbrite volcanics. 

Deep Tertiary lateritic weathering profiles are 
common in Australia and the age of major rock 
al teration has been dated elsewhere - Senior and 
Mabbutt (1979) as being mainly either Oligocene to 
Miocene (40-20 million years ago) when the climate was 
wetter than present. The weathering has chEmically 
altered the rocks to aluminium and iron rich clay 
materials over depths of 20 to 30 m in a trough-like 
pattern that probably relates to a fonrer Tertiary 
ground surface (Figure 2). This surface has undergone 
some change (erosion and deposition) in more recent 
times - Knight (1988). 

3 

Over 90 boreholes and several test pits have revealed 
the soil characteristics. The acidic (pH 5.5) soils 
range fran silty loams (slope deposit) to medium to 
high plasticity clays (in situ weathered rock) 
extending to 20 to 40 m depth with local zones of sandy 
and gravelly clays. Typical lateri tic weathering 
patterns are present with reddish soils overlying a 
mottled zone passing down into a pallid zone and then 
to yellowish clays. The clays have a liquid limit 
ranging fran 40 to 90 and plasticity index of 25 to 60. 
Natural moisture content is generally less than the 
plastic limit even below the water table con£irming the 
highly overconsolidated nature of the clays. In situ 
permeability determined by insitu testing at sore 50 
locations indicated a mean value of 5 x 10-7 m/sec and 
ranged fran 10-10 to 10-6 m/sec. A gravelly layer was 
found to exist 20 to 30 m below existing ground 
surface. permeability testing of this layer gave 
variable results the most permeable being 10-5 m/sec. 
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The clay composition is predominantly silica, 
aluminium and iron with lesser amounts of titanium, 
magnesium and potassium. calcium is absent and sodium 
is very low which is typical of an extensively 
weathered and leached acidic profile of clay witil low-
cation exchange capacity. 

4 mIDHU;ff]IffiIC REG.lME 

Monitoring of water levels within piezometer 
installations carried out during the early stages of 
the investigation revealed that groundwater levels 
beneatil tile SOUtil western (higher elevation) part of 
the site were quite sensitive to significant, but not 
abnormal, rainfall whereas the area revealed 
quite minor response to natural 

'lhls obseD''l.tion instigated a soil structure study of 
the upper 2 to 3 m of the soil horizon in the two areas 
which, in the responsive area, revealed tile presence of 
vertical iron-rich tubular nodules down to 3 m which 
appeared vertically continuous and quite highly 
permeable and would allow the rapid passage of 
rain£all infiltration into tile soil profile. 

By comparison the soil structure in the less 
responsive area had a lesser proportion of iron-rich 
nodules witil little apparent continuity. 

The latter stages of investigation concentrated on 
the area which had relatively minor response to natural 
rain£all events. The phreatic surface in this area was 
generally 15 to 20 m below ground surface. 

The piezometric surface within the underlying 
gravelly layer is quite insensitive to seasonal 
rainfall variation and has a very gentle hydraulic 
gradient down towards tile north east. 

4.1 Gr:oundwater :M:Jdelling SbJdy 

A groundwater rn:xIelling study was ca=ied out using 
Golder Associates suite of finite elerrent groundwater 
programs to relate tile properties of the soil profile 
to the observed patterns of groundwater response to 
rainfall. Initially a silllpllf ied vertical flow 
analysis was carried out to correlate the ITDnitored 
response with inflow being a function of infiltration 
characteristics, permeability and storage 
coefficients. Outflow occurred via the underlying 
gravelly stratum. 

PROPOSED WASTE DISPOSAL AREA 

PI T A8e 
(PROJECT EO) 

PIT S6 I 
8616" 87 

Figure 2 - East-West cross section through Wallaroo waste disposal area showing 
lateritic weathering, g:row:rlr.;eter, boJt:etlOl.e and pit locations 
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A two dimensional analysis was then carried out 
IlDdelling the observed water levels and recorded 
rainfall over a 9 IlDnth period with the infiltration 
factors detennined earlier. After several trials a set 
of pararreters were evolved which closely matched the 
observed data. 

The calibrated model was then used 
groundwater levels resulting fran very 
low seasonal rainfall situations. 'l'he 
characteristics were also varied to simulate the 
development of the site for its proposed waste disposal 
activity. 

The modelling study was successful in 
assessing the sensitivity of the site to 
heavy rainfall however a IlDre practical de:ronstration 
was considered appropriate to confirm the physical 
suitability of the site for waste disposal. 'l1ms two 
substantial trial disposal pits were constructed. 

Two trial pits were excavated to a depth of about 5 m 
earthmaving plant. Pit A was excavated 

and 4 m wide with a central gently 
m long and steeply access ramps 

end. '!'he base of the pit a 0.5 m thick 
seal placed and carpacted in thin A 

of sand was placed over the 10 
simulate the waste and the ramp areas 

were up with carpacted clay. A surface seal 
1.5 m thick was then placed over the waste in 
thin layers each well carpacted at slightly wet of 
optimum llDisture content. 

This trial pit was instrumented'with piezometers and 
soil tensiometers at various depths within the upper 
clay seal, the simulated waste and the surrounding 
natural ground. M:mitoring was then carried out at 
regular time intervals. 

Following poor performance of Pit A under both 
natural and simulated rainfall, the upper clay seal was 
removed and extended at least 2 m beyond the 
extent of the simulated waste. Subsequently B 
was constructed to a IlDdified design which included a 
much wider excavation such that side walls of carpacted 
clay were constructed to surround. the waste. This pit 
was also ccmprehensively instrumented as shown on 
Figure 3. 
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5.1 'l'rial Pit Performance 

A spray irrigation system was tJ1en installed to cover 
the areas of 'lest Pits A and B to provide a simulated 
rainfall. A rainfall intensity of at least 1.4 times 
the maximum weekly recorded rainfall for the area was 
applied over a period of two weeks. Regular IlDnitoring 
of all piezuneters and tensiometers was carried out 

and for several weeks following, tJle simulated 
event followed by periodic IlDnitoring over a 

12 IlDntJl period. 

'l'he IlDnitoring results indicate that rainfall very 
slowly infiltrates the upper 0.5 to 1 m of the upper 
clay capping; the tensiometers below 1.0 m indicating 
very minor llDisture variation. No water entered Pit B 
however some water did enter Pit A and this was 
considered to have infiltrated the natural ground 
beyond the upper Clay seal and then to have moved 
laterally towards tJle pit via microstructure and old 
tree roots within the natural clay and entered the 
walls of the pit. This microstructure was destroyed by 
the of the clay in the walls of pit B. 

'!'he perfornance of 'l'rial Pit B under the 
events simulated was considered to 

de:ronstrate the effectiveness of an engineered clay 
capping. '!'he carparison with the perfornance of Pit A 
indicates tJle necessity of carpacted clay walls to 
ensure that no water can enter the waste material. 

The physical means of keeping water away from the 
waste, thus not generating leachate, were considered to 
be the primary means of managing the environmentally 
safe disposal of the waste. 

As a secondary backup, should leachate be formed the 
chemical interactive behaviour of the leachate with the 
Wallaroo clay was also investigated. Detailed research 
findings have been discussed by Knight (1988). 

6.1 Chemical Interaction Characteristics 

level ground waters have very low salinity 
mg/l) in equilibrium with kaolinite but 

salinity rises to 500 mg/l in the deeper clays where 
montmorillonite becomes significant and increases to 
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1,600 mg/l in the underlying volcanics. Sodium and 
chloride are the dcminant ions but are low (30, 60 mg/l 
respectively) in the upper 15 m leached zone, then 
increase with depth to 120 mg/l Na+ and 250 mg/l Cl-. 
If sodium should disperse fran the disposal cells (5 m 
deep), it would be easily detected due to its low 
natural concentration in both groundwater and clay. 

The acidic pH range of the waters (4-6) in the clays 
will have a significant buffering effect on any 
alkaline leachate (pH 12) fomed fran the waste. 

6.2 Fluoride 1\dsm:ption 

In order to simulate a fluoride leachate-clay 
interaction situation as closely as possible, batch 
tests using Wallaroo clay and sodium fluoride solutions 
were carried out within pH ranges (7-7.5 and 5-5.5), 4 
concentrations of F (1 to 000 mg/l) with the soil 
solution ratio set at 2: 1 equilibriated over 10 
days at 20OC. Polyethylene reaction vessels were hand 
shaken for 5 minutes each day and contrifuged to 
separate solid and liquid phases. 

The variations in fluoride adsorption with time, pH 
and concentration fitted the Freundlich linear isotherm 
model and distribution coefficients (kd) were 
determined to be 3.3 ml/g (pH 7-7.5) and 3.1 ml/g (pH 
5-5.5) • 

Other conclusions that may be drawn from this 
testing are: 

fust adsorption took place in 24 hours and by 10 
days one could be confident that equilibrium had 
been achieved. 

An alkaline starting pH of 7 - 7 • 5 appears to result 
in equal or marginally better adsorption than the 
acid range 5-5.5 

Adsorption increases with concentration of F and 
at day 10, ranges frcm 1. 7 mg r/Kg clay for 1 
mg/l F solution to 2968 mg F-/Kg clay for 
solutions with 1000 r. 

Distribution coefficients fran batch tests were used to 
estimate likely retardation factors that could be 
applied to vertically migrating fluoride fronts. An 
analysis using the proposed disposal design and soil 
properties suggested that 14 may be a reasonable 
retardation factor to apply to vertical flow 
velocities. In addition the maximum adsorption 
capacity was found to be useful in the evaluation of 
the site's ability to realistically adsorb the expected 
leachable fluoride. 

6.3 Ieacbate effect on Permeability 

A ccmpacted core of Wallaroo clay was installed in a 
modified pressure chamber of a rock pemeameter. The 
pemeameter was initially filled with deionized water 
to establish stable baseline permeability. The 
deionized water was then replaced with NaP water at a 
concentration of 834 mg/l F and 1,020 Na+. The pH 
of the solution was 6.3 and Eh + 208 mv. As the water 
discharged fran the core it displaced an irrmiscible 
light oil up a burette which enabled discharge rates to 
be measured. Leachate samples were periodically 
pipetted fran below the oil water interface. Fluoride 
content and sodium concentrations, Eh and pH were 
measured. 

Perneability decreased with time by alnDst an order 
of magnitude over the 20 days of the test from 1.4 x 
10-8 m/sec to 2.4 x 10-9 m/s at the end. The decrease 
appeared to be directly due to the Na interacting with 
the clay. The reduction in perneability is presented 
shown graphical 1 y on Figure 4. 

Australian (ieomrecJilwucs 

The effect of NaF water on consolidation was 
examined using another sample of the clay in a 
standard consolidometer. Rigid filter ends and a 
static load of 100 kPa were used. The clay was 
ccmpacted dry and presaturated with deionized water. A 
sharp decrease in void-ratio was observed when the NaP 
water was added to the clay that had achieved a stable 
consolidation using deionized water. 

Consolidation in the field situation could occur 
where voids with pore pressures relatively lower than 
Na induced osmotic pressures did not exist and the 
effective overburden pressures are larger than the 
generated swelling pressures. 

Though permeabilities of the consolidating clay were 
not measured, it seems reasonable that they would 
reduce during the process. 

6.4 Retardation effects of NaP adsorption 

Analysis of the sodium and fluoride break- through 
curves indicate that if the distribution coefficient 
(Kd) for fluoride determined in the clay core (1.91 
ml/gm) was applied to a vertically migrating front at 
Wallaroo the flow velocity retardation factor is more 
likely to be 9 rather than the 14 estimated fran the 
batch tests. The Na and F breakthrough curves are also 
presented on Figure 4. 
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6.5 Spent Potliner Leachate - Clay :reactivity 

Samples of crushed potlining waste were used to fonu a 
leachate for clay studies. Sale 25 g of the 
waste components were in their approximate 
proportions found in a typical waste stream. 

The 25 g of waste mix were added to 50 ml of 
deionized water and reacted over 6 days. Both hand and 
tumble were used. I.eachate is variable but is 

aluminium fluoride and iron 
and reducing. 

I.eachate was reacted clay in the 
proportions 5 clay to over a 4-day period 
and then to stand for 3 rronths. The reaction 
vessels were sealed in pol yethy lene tubes. 

Dried leachate reacted clay and clay that had been in 
contact with deionized water were X-rayed at the end of 
the 3 rronth reaction time. The XRD traces show that a 
new mineral has for:IlEd. It is considered that 
the is a of sodium aluminium silicate 
possibly of the "'''''-'.u.'-'=' 

6.6 SWmary of Chemical Aspects 

Based upon the chemical 
it is considered that 
leachate be for:IlEd leak into the 
fonuation it will cause a decrease in 
the kaolinitic lateritised clay by at 
magnitude as a result of sodium-clay 
increases in expansive osrrotic pressures. 
consolidation occurring follCMing dispersion is also 
likely to cause a decline. Further 
decreases in can expected due to the 
fonuation in pore spaces a new mineral phase arising 
fran reactions between leachate and the clay. 

Fluoride and sodium adsorption characteristics of 
Wallaroo clay are similar to each other and significant 
retardation of contaminant flow velocity has been 
forecast. 

7.1 Suitability of the Site 

Based upon the detailed subsurface information 
available concerning the subsurface 

and groundwater levels, a suitable area 
was selected for the buried waste disposal 

This site has several natural security 
waste disposal: 

The primary attributes of the site are as f011=: 
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The area has an extens i ve 
extending 20 to 25 m a more 
perneable gravelly stratum. table 
within the clay profile, and piezometric 
surface within the underlying gravelly layer, have 
been monitored for a period of 3 years and 
observed not to vary greatly in response to 
variable rainfall and to remain at least 15 m 
belCM the existing ground surface. 

Modelling using ccrnputer mathematical techniques 
indicated the groundwater level to remain at least 
15 m belCM the surface in response to very heavy 
(extremely ICM frequency return) rainfall events. 

The of the clay soils was determined 
using testing techniques to be very 
a mean value of 5 x 10-7 m/sec. 

'l'he clay materials which would beca:re available 
fran disposal pit excavation are considered to be 
nost appropriate to provide the necessary upper 
clay capping. 

In addition the following chemical attributes are 
available as a secondary backup should leachate be 
for:IlEd in the pit. 

'I'he natural clays' high potential to adsorb both 
sodium and fluoride. In addition the chemical 
reactions which take are indicated to 
further reduce the of the natural 
clay. 

'I'he retardation factors in the passage of sodium 
fluoride through the clay which would result in 
any contaminant front at about one ninth 
the velocity of the leachate 

The natural properties of the site should however be 
further enhanced by appropriate landfill waste disposal 
methodology . 

7 . 2 Landfill Disposal 

compacted clay covers over waste materials 
generally only been successful as they 

tend to leak to sme degree upon North American 
and European performance evaluation. The two main 
reasons for this are considered to be: 

Firstly covers are ccmnonly quite thin (less 
than 1 m) are quite susceptible to desiccation 
cracking, freeze - thaw and thermal expansion 
the latter effects being major considerations in 
Allerica and Europe where rrost studies have 
been carried out, but of relevance for the 
Wallaroo site which has a temperate climate. 

Secondly the are fDDlially 
placed without subsequent 
settlement causes layer. In 
addition, for putrescible waste build up 
of gas pressures can cause rupturing of the overlying 
clay cap. 

In view of the poor performance of natural clay 
cappings to the above factors) in North Allerica 
and Europe the trend in these countries is nCM towards 
the use of synthetic materials placed as a layer within 
a multi capping. 'IMs trend is nCM enforced by 
legislation sa:re countries, particularly the United 
States where standard designs incorporating 
liners are required above and beneath all 
waste disposal landfills. 

also have deficiencies both in 
and also due to 

- Haxo (1981). 

The two main reasons for the non performance of 
natural clay capping in North Allerica and 
environrrents and experiences are not considered to 
particularly relevant to the design of the Wallaroo 
Facility because, 

a thick clay cover is proposed, the 
considered sacrific 
desiccation which will occur. 

0.5 m or 
to the 

The site is not subjected to freeze/thaw 
conditions. 

'I'he waste for disposal at this site is not 
putrescible and it is proposed to thoroughly 
compact the waste material so that no subsequent 
settlement will occur, hence no crackinq. 

above arguments the use of a thick 
cover and base was cons idered 

Wallaroo Facility. 



7.3 legislative HElqUireIJEnts 

to control 
chemical wastes was in with the 
intrcx!uction of the Environmentally Hazardous Chanicals 
Act, 1985. 

In accordance with this Act the State Pollution 
Control Ccmnission (SPCC) of NSW issued a "Chemical 
Control Order in Relation to Aluminium Smelter Wastes 
Containing Fluoride and/or Cyanide" which prohibits the 
disposal of wastes containing leachable fluoride and/or 
cyanide; the definition of "leachable" in the 
case of fluoride a leachate containing lIDre 150 

and for cyanide a leachate containing lIDre than 5 
according to SPeC approved test procedures. 

The Control Order also requires that a licence be 
issued for the keeping, conveying and disposal of 
wastes which have a leachable component less than 
defined ab:Jve. 

Licenses were issued to 'I'cJnago Aluminium for the 
of "Approved Smelter Waste" in December 1986. 

waste was considered to be non-hazardous in 
accordance with the ab:Jve definition. Cyanide 
wastes were excluded frcrn the landfill disposal. 
fluoride waste included meets the leachate criteria 
stated ab:Jve. 

7.4 Disposal Pit Design 

The size selected for each pit is a function of the 
am:JUI1t of material requiring disposal within each 
particular disposal campaign. Each campaign was 
expected to vary frcrn 3,000 to 10,000 tonnes. The 
depth of disposal was selected as 5 m with a base 
compacted clay of 1.0 m thickness. 

During each disposal campaign the base of each cell is 
graded smoothly to one corner where a shallow 
depression (sump) is e=avatedi and a of sand 
and gravel placed in this depression the 
base of a lIDnitoring well drilled after completion of 
the pit. 

The waste material which arrives by covered truck is 
tipped in to the cell, spread and compacted in 
lifts by a roller to a depth of 3 m within the 4 
m deep pit. surface seal is then placed, using the 
excavated clay spread in layers of about 200 rrrn and 
compacted to finally achieve about a 2 m thickness i 
the final ground surface being about 1 m higher than 
original, mounded to promote surface runoff then 
topsoiled and revegetated with shallow rooted species. 

installation 
and which can 
necessary. 

a bore is drilled at the 
excavated sump and a 

the w-...,;;te. This 
for detection of leachate 

used for extraction it be 

A surface drainage systEm installed by 
grading shallow drains between each cell further 
minimizes the potential for infiltration through the 
clayey soil cover. 

7.5 M:Jnitoring 

An ongoing of the 
manage:nent strategy. 
water level measurement 
within the natural clay 
the waste disposal area. In addition the 
installed within each waste pit are regularly monitored 
for leachate. No problems have been experienced over 
the operational period (1986 to date). 

8 CCKllJSlrn 

The comprehensive 
carried out has 
regulatory 
attributes of the site together with an environmentally 
sound waste disposal procedure enable a natural clay 
site to be used for landfill of llDSt of the 
waste material frcrn the Tomago Smelter. 

On-going lIDnitoring will continue to ensure that the 
landfill does not adversely affect the surrounding 
environment. 
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ABSTRACT 
black coal produces coarse 

waste or coarse reject, and fine 
Coarse reject is easily handled and is 
In where it ravels at its of repose. 
other are difficult to handle and have 
been kept separate from the coarse reject and 
separately. thickened 
an aqueous to a storage, where 
of a "wet" The rehabilitation 
with wet have a search for alternative 
disposal techniques. The of co-disposal by the 

and coarse reject is 

1. INTRODUCTION 
Australia has black coal operations in 
Queensland's Bowen Basin and in the Hunter of New 
South Wales, with considerable for further 

""""'"",nr of these coal fields. The run-of-mine coal must 
be washed to meet export market specifications. Processing 
produces coarse waste (up to 100 mm in size, termed 
coarse reject), and fine waste (2 mm and termed 

The coarse reject is easily handled and is 
loose in piles, where it ravels at an 

angle of repose of about 37° to the horizontal. loose 
of the coarse reject may lead to acid mine 

may have to be flattened to ensure 
erosion in the long term. 

The are difficult to handle and have 
been separate from the coarse reject and disposed of 
separately as an aqueous slurry. The "wet" 
deposits are difficult to rehabilitate and result in very limited 

for future land use. The recognition of the futme 
environmental and economic of current coal mine 
waste disposal practices has about of the 
aDllro;acn taken by the n.",}:,,,,,;,.-,,, 
decade a number of alternative 
tried. have not involved a 

and have met with variable success. A 
involves the co-disposal of coarse reject and 

UU'I"'f,':> slurry by combined to a storage. This cost-
effective results in a mixtme which has reasonable 

and and offers to 

I Department of Civil 
The .. f Queensland, QUEENSLAND 4072 
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2. CURRENT APPROACH OF 

.. .. 

The Regulatory Authorities in both and New 
South Wales new coal mine 
disposal and rehabilitation of washery wastes in their 
environmental ".cu.",,!;,,,, .. ,,,,,,. 
be demonstrated by the 

These relate to erosion and water ,",v,,, ........ 

smface and below the mine should aim 
erosion of the surface of the rehabilitated 

and mine-induced contamination of 
water. The extent to which the mine 

achieves its environmental criteria is rewarded 
by a refund of the which must be 

with the The full security is a 
realistic estimate of the full cost of and for 

i"ppn<,I<""rl H: in therangeA$15 000 to A$25 
hectare. coal mines will progressively, to the extent 
possible, be into line with the for new coal 
mines. A similar policy to all other 

The Authorities give little guidance as to how 
criteria could be met, but expect the mine to consider all 
available approaches to washery waste and 

due regard to the characteristics and 
behaviour of the materials and to any peculiarities 
ofthe mine site and its location. The Authorities are reluctant 
to see the further of conventional wet 
storages, rehabilitation and there is 
increasing concern about the p"', ........ "' 
from coarse reject 

In view of the criteria which must be met, by new coal 
mines in particular, waste and rehabilitation 
must now be to create an 
acceptable finallandform at reasonable cost. To achieve 
the shape and surface treatment of the finallandform must be 
decided in advance. 
u .... pv" .. waste should 
that of the final 

criteria can be met. 

as closely as possible, 
that the 

Surface erosion is difficult to avoid on even very flat if 
the exposed materials are erodable. Less erodable 
materials would allow surface 

the erosion of susceptible or 
of the smface by sound rock 
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"'m"''''''' a source of sound rock would need to be 
available. If surface erosion can be controlled by a 

that the contamination 
of surface water can also be controlled. The control 
water contamination on the seepage of 
contaminated water from the waste into 

The minimisation of oxidation of the mine waste materials is 
essential to the maintenance of water 
Materials with a to form acids should be Sel)ar;ated, 

and either isolated from 

or so). 

3. ECONOMIC 

force the premature closure 
coal mines. Even without this future 
man-made dams are "AI'''''':» 

""'UV':,,,., occupy large areas 
"'"''LI''' "'''". Coal mine waste and 

.",'vu\.", which meet enhanced 

4. CURRENT DISPOSAL PRACTICES 
""'""'_" ... ," and then 

an aqueous at a solids concentration of about 30% by 
to a storage, where The 

of 
to decrease with distance down the delta 

from the (Figure 2). The ""IJV.,H 

occur. 

size of the 
with a thin crust 
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Figure 1 
Aberdare 

PARTICLE SIZE 
-- At 15m -+- At 35m 

sorting of particles with distance from highest 
Main Tailings Dam delta, Coalfields. 

of 
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DISTANCE FROM HIGHEST POINT 

2 :Variation of specific gravity with 
Colliery Main 

The more washeries are of separating 
coal down to about 60 m, while the old inefficient washeries 

_ ...... the minus 2 mm size. coal 
to40% clay size and 

5 to 30% sand size (coarser than 60 with the remainder of 
silt size 
may be described as clayey 
clay size. typically have a limit in the range 30 
t045% index in the range 10 to 25%, ''''''' .......... , 
a Unified Soil Classification of ML or CL. 

about 2.7 for mineral matter, 
The undrainoo 

about 10 kPa in the soft 
of about three times that 

friction of about 30° in direct shear and about 

at 
two orders of 

soft 

test results. Due to layering of the the horizontal 
"''-'''Ul''q is about five times that in the vertical direction. 

The of "",,,,,,,n the wet is both 
relieved to some extent and exacerbated when the surface of 
the sediment becomes exposed and desiccates. While 
desiccation results in the formation 
crust, the effect persists to It IS 

reversible on and it results in a surface 
layer of very low the presence of 
desiccation cracks. The very low of the crust (as 
much as three orders of lower than that of the 

soft tailings), inhibits the of the 
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In response to wet 
the Australian coal 
Wales, ---------J 

ofAberdare 

term, and the choice of an surface treatment 
nur,,",,"'" also against mechanical is that 

in f1occulants. The cost 

within 

to enable safe access 
nUl"""'" the addition of too much fill can cause "bow wave" 

--... ----J of the crust is exceeded. If 

associated with storing 
include the seepage of water into the 

on the overall water balance, on 
inflows into the and on the water. 
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5. CO·DISPOSAL 

and there is 
elevated landform on of the mixture. The 

formation of an elevated land form would obviate the need for 
a substantial containment structure. A catch and small 
dam would serve to collect the water pm<>",", 

The inclusion of with the coarse may 
also lead to a reduction of any oxidation of the coarser 

The com bined coarse and is far 
more 3 or 4 orders 

and therefore settles out 
It achieves an average 

with about 1 in 100 
which may be suitable as a finallanOH)rm 

the need for of the waste 
material. 

The delta which forms on is 
trafficable. Particle on the surface of the delta formed 

Mine exhibits a trend of 
.n(,'1"P""''''''' distance down the delta from the 

3, obtained dry sieving since 
considerable fines attach themselves to the coarse 

on the Also shown in 3 is the 
size distribution The 

distribution on 

100 

90 

Ba 
70 

c.!l 60 Z ..... 
00 
00 50 -< p... 

40 

30 

20 

10 

0 

the apparent of size down the 
delta is the variation in the of the 

down the delta 4). Close to the 
there is little variation of 

The size distributions recovered from 500 
mm beneath the surface of the delta are ,,,,,,,,v,,uU''1 
with distance down the delta from the 
5, obtained by dry This is attributed to the 
of the voids between towards the 

with ""'.,,"''''<u,,",u 
load to the 

At the solids concentration at which the 
combined wastes are 30% by While 

nrr,,,,,rh,," of the fines attach themselves to the coarse 
the ofthe 

constructed to achieve this by 
on the delta. The location of the 
also be varied to considerable <>£1"<>"t,, 

There is a need to establish what .... r.n of can be 

0.01 0.1 

-- At lam 

1 
PARTICLE SIZE 
-- At 30m 

10 100 

-+- At 65m 
-- At 105m 

sorting of particles with on 
surface of co-disposal delta at 
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accommodated within the pore space between the coarse 
reject, since a of tailings is a feature of some 
mines. An acceptable for the final landform must be 
aeunea, and the choice of an surface treatment 
made. The remains to be proven for 
otherwashery waste materials at other mine sites. As conditions 
vary between coal mines, and even at the one coal mine over 

the need for other alternatives should not be discounted 
at this stage. 

6. 
Coal mine washery waste and storage options must 
be which meet enhanced environmental standards 

to an elevated 
technically, economically, 
carry out the research necessary to "'P'''''''''''''' 

..,."' .... ""-',, .•. while 

ensure its successful at a range of coal mines 
different waste materials and conditions. 

n.1-'1-'U'''''''.'UI! of the to operations other than 
coal may also be possible. 

Australian lTeOmleCI'WfllCS 1992 

pot1ential to 
that sustainable 

development is with 
environmental expectations and the very real need to protect 
the environment. The key issue is the need for the en;gmleelred 
ms:posm of wastes to ensure that the environment is 

in the past has focused on the short term 
of a "contain and forget" to that non-
side of the of 

7 . 
The research on which this paper is based was carned,out 
under National Research, and 
Demonstration Council which was l"".nn;,p.rp'.., 

1992. The co-operation of the managements of 
and New owner of 
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MD 

Construction work on one of the world's landslide 
stabilisation 

work has 
of surface 
million cubic metres of earth works. The stabHisation 

BACKGROUND 

The landslide stabilisation work described has 
power station. Review 

O>"""UH'.J in information 
ofSH8 in the CromweH gorge, 

1. Design Manager, Clyde Power Project, 
Works Consultancy Services Ltd, WELLINGTON 
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MIPENZ1 

led to the identification of r-",on,",.'"" rrrrm""u.,,>"'" conditions. 
These conditions were 

unfavourable for Intensive 
followed and identified other similar areas. 

while 

years ago and are either 
dormant or translational rock and chaotic debris 
slides. The landslides show no evidence of scale 
movement. 
cubic metres. 

range in size from 3 million to over 1 billion 

At the time of dam site selection in the 1970's the 
presence of the Cromwell was ,."r'"o·"",,,,, 
Stabilisation works were recommended for the CromweH and 

Australian Geomechanics -



elements of were 
and accommodated in the reassessment of the 
reservoir slopes by: 

HAZARD 
AND RISK ASSESSMENT 

landslides is often such that observational data 
in a number of ways. 

uU,1'."""""""" are necessary at many stages in the 
assessment of hazard and risk. 

were 

Power Proje-ct 

N 

1 
km 

_ Landslide Area DAM 

the detailed observations to 
of the 

2. location 

and ENGINEERING WORKS 

solutions 

1<U1IU".UU'IO .. ,. h-'-'-- with the effect of reservoir 
inundation on their so that the level of hazard and risk 
could be determined. It was found that the level of hazard and 
risk associated with the slides was such that """.v,"'"" 
measures were Y'prml1rpri to reduce risk to an 

Australian Geomechanics- 1992 

measures are as the most 
effective and economical stabilisation measure for 
rock slides. The stabilisation programme in mid 
1990 was based on tunnel dual objectives of 

definitive information on the landslides and 
stabilisation by The tunnels 
J'.""nvi"-''-'''' observations on the nature of the landslides. 
Groundwater draw down due to tunnel excavation also 

valuable information for the of 
drainhole 

actioned. Extensive use was 
databases to manage technical information. 

In addition to measures, the stabilisation 
works have also included the construction of toe buttresses 
in several situations. In the case of the Creek 
the combination of a 

combined with a 
to limit seepage. 

was 
cutoff and zoned earthfill blanket 
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CROSS SECTION A - 13 ( JACKSON CREEl, SLIDE) 

3. Stabilisation by gravity drainage and works at Jackson Creek Slide 

Stabilisation works carried out to date have halted movement 
at the Jackson Number Five Creek and Nine Mile 
Creek landslides. 

reimbursable 
could be made for maximum overall time and cost 
benefits. In later stages, when the work was more 
defined, target cost contracts were negotiated. 

INSTRUMENT A nON AND MONITORING 

Central to the stabilisation and future 
management of the landslides are the network of instruments 
which have been developed for landslide 

pressures and flows. 
3500 being monitored on the 

dam and the reservoir landslides during lake 

The network includes instruments installed in on 
the ground surface and in tunnels. A range of methods is used 
for collecting data, manual recording, logging 
electronic datalogger and transmission 

Instrument readings are recorded in a computer database 
which has for alarm if the actual results are 

readings can be tracked and maintained. 
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LAKE FILLING 

Lake be a closely monitored and "a"aJ;<,vuQf'T'''''"U 

the response of the Clyde dam and 
landslides to inundation and the associated and 

It is expected to start in 1992. 

The lake will be filled in a number of stages extending over a 
1-2 year A degree of control is available at each 
stage from the low level sluices and in the dam. 
tlex:trlcllty generation will be available from the first stage 
onwards. 

the behaviour of the dam and reservoir 
shoreline will be monitored both instruments and 
visual Results will be assessed by experienced 
staff and reported, ""', ''''''H 

will be used to confirm the geological and 
models of the landslides. These will form the 

basis of the future strategy for each landslide. 

and evaluation oflandslide 
pel:101rm:anc:e of the engineering works will 

the life of the reservoir. 

PROJECT ORGANISA nON 

The " .... ,..,.u"" •• v .. 
large, well 
project deadlines and objectives. The team was assembled 
the of NZ and members of 

Australu:m Geomechanics- 1992 



J Services 

su beons ultants. 

The work has been by both specialist 
subconsultants and an International Review PaneL In their 
seventh dated 1992 the International Review 
Panel stated u • •• that the geological and engineering work 
has been well done and equals or exceeds current international 
practice" . 

The team look forward to the final stage of the Clyde 
Power Project - lake and geller'ltiC)I1 

was 
on progress at that 

dam reservoir: 

The reservoir has been filled to El 177 m, 17 metres below 
normal level and 39 metres above the former river 
level. started on 22 and was to El 
177m on 14 

All the lower level slides in the Cromwell gorge have been 
degrees. No shear movements have been 

landslides. There has been minor 
surface in some of the road fills and landslide 
buttresses due to differential settlement toe 
inundation. 

The instrument network has been further 
there are 5200 instrumented locations. 

database and data facilities have 
extremely well and have enabled the design team to 

and results. 

It is evaluation of the dam and 
landslides will be to allow the lake level to be 
raised to El 185 m in August. 

GiUon 17 June 1992 
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1 INTRODUCTION 

methods enables many 
tests to be carried out. 

situation. Because of this somewhat 
uncritical some have grown up about 
what it is that we can and do measure in various tests. 

One such is that the in situ value of the 
coefficient of earth pressure "at rest", can be measured 
A"'-'V""V',AU.""",1'o an undisturbed of the soil under zero 

and the horizontal stress 
maintain zero lateral strain. A natural 

consequence of this is that it is often assumed that in 
situ and stiffness of soil can be best 
examined in triaxial if a of the soil is 
reconsolidated to the in situ vertical effective stress while 

I<UJl!W.HUU5 zero lateral strain conditions. This is 
incorrect for all realistic situations. 

2 IN AN ELASTIC SOLID 

Consider the case of a of elastic material under some 
CAI,,.,,,rl.f" stresses (Iv and (lh 

This stress state results from external 
and therefore in the ratio of (Iv to (lh can have any 
value. Define this ratio as 

If the stresses are 
whether there is there any way of Uvl,v'''''' 

initial stress state was. In the 
the removal of all stresses, the 
deformations given 

I f A(lv \ 

\ I ...................... .. 
so that: 

E ..................................... (2) 

and: 

.............................. (3) 

If the in such a way that the lateral 
is maintained at zero (as in an 

then the same elastic above can 

of West em 
Australia. 
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be used to show that the ratio of radial to axial stresses is: 

= 

of the initial stress condition in the 
the measured in the 

............................... (5) 

and there is no way in this case that such a test 
can the stress state. 

3 MEASUREMENT OF IN SOIL 

3.1 In situ. stress state 

The state of stress of soil in situ on 
whether it is consolidated or overconsolidated. For 

consolidated while the current value of (Iv' is 
the maximum value ever ,..yy,,..r,<,, the soil 

there appears to be a 
and effective friction 1/>': 

Kou= 

lAol'rnlinn Geomechanics- 1992 



in which is the value of OCR at the 
the vertical stress is a minimum in the 
sion a similar to that shown in 

It is clear therefore that whereas in an elastic the 
between vertical and horizontal stresses at an 

"zero lateral strain" and 
is constant this is not the case for soiL 

3.2 and 

tinction must be made between fine 
and coarse or saturated soils. L;"'''''".,,,,,! 
the difference in behaviour is due to the of the fine 

soils to remain at the same mean effective stress due 
to suctions in the ;"""11''-', whereas in the coarser 

which are of 
the mean effective stress state must 

Consider each of soil in turn: 

3.2.1 Fine 

For soils with 
of a 
undrained. Consider a 
below the 
surface. Assume y == 20 
that is 2.5 

o 

Australian 

Active 
failure 

saturated sons 

the process 
can be assumed to be 

at a 10 m 
and a water table at the 

, and Yw == 10 
av == 200 av' == 100 

Passive 
failure __ --------------

initial 

1992 

= 250 and ah = 350 kPa. This a mean effective 
a mean total stress of 300 kPa. 

this from the involves reduc-
the mean total stress to zero, a of - 300 kPa. If 

the mean effective stress is to the same, the pore pres-
sure must the same amount as the total stress. 
Thus the new value of pore pressure is - 300 or -
200 kPa. At this the mean effective stress is 
UH'UI(U'l',vU, the vertical and horizontal stresses must be 

to 200 the has un-

some is 
the fact that the pore water goes from to 

with appearance of some air bubbles. 
In the re-consolidation assume that we know 

what the in situ values of av' and pore pressure were. There 
are then a number of to 
what the horizontal effective stress is: 

Measure the suctions in the when in the un-
confined state. The difference between the suction and the 
in situ pore pressure should be to the 
total stress in the 
in situ mean total stress. From 
the in situ vertical effective stress, the in situ horizontal 
stress can be calculated. 

total stresses to the in a 
undrained and measure the pore pressures. The 
correct stress state will have been reached when the total 
vertical stress is to the situ total vertical stress and 
the horizontal stress has been such that the pore 

to the in situ pore pressure. This would 
if it was certain that the in situ pore pressure 

or if it had been measured in some way. 
the undrained recom-

result in zero volumetric 
the water may be from 

suction to the second should 

3.2.2 

a better estimate of the in situ stress state, as it 
the in situ pore pressure rather than 

between total stress and pore pressure 

soils 
some suctions may in the 

but these suctions 
will not be sufficient to maintain the in the same 
mean effective stress state. If the 

l.-Ul""'U'HU,,"vU, there is no direct way 
was the value the in situ horizontal stress 

is 
out what 

the 

the case as is common in 
triaxial is allowed to saturate for some 

cornm1encmg the of the 
test This process will out an suctions in the 
and hence remove any evidence of stress state. At the 
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end of the the 
effective stress, and will have ",,,1,,,.,,,,,,,,, 

horizontal strain the and re-
saturation process. a "zero lateral strain" 
re-COlnpreSSlOl1 will do no more than 
Poisson's ratio (v), as for an elastic solid \'-"Iuauv, 

correct horizontal stress to would be that which 
reverses the horizontal strain and 
re-saturation. if that is zero will the zero lateral strain 
test the correct value of in situ horizontal stress. 

4 CONCLUSION 

Measurement of horizontal effective stress remains one of 
the most difficult 

low it 
the in situ stress state by 

or by out undrained 
pore pressure measurement. 

some idea of 
the suctions in the 

with 

U",,,,,,,,,,,. it must be concluded for overconsolidated free-
of the hori-

zontal stress from a "zero lateral strain" test. In 
of test can a measure 

since the measured in this test is a of 
Poisson's ratio 5), and , .... ,>cn"f'tn1" 

gree of overconsolidation and the true in situ value of 
must a value less than 1. as an indi-
cator of the in situ value of in over consolidated soils, 
the test is worthless. 
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Colebrand's range of precision instruments the Multi Cell and 
Half Cell Surveyors, Resistivity Logger and Logging Cover Meter, 

all make the collection of corrosion data a quick and 
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process, 
What is more each instrument comes complete with its own unique 

data logger, 
Please give us a call and we'll help you pinpoint your 

corrosion problems, 
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The last two issues of Australian Geomechanics gave an 
on the status of Standards and associated 

committees that were of relevence to members of the 
Society. were: 

AS3798--Guidelines on Earthworks for 
Commercial and Residential 

AS 1289-Testing of Soils for 

AS 1726--Site Code 

AS 2159-Australian Code 

AS2870--Residential Slabs and Footings 

AS3706--Geotextiles-Methods of 

Committee CE/26 Precast -",-",uUVHA;;U Concrete Box 
Culverts 

Since then however there has been little to report. One new 
is that AGS has been invited Standards 

Australia to nominate a representative to the new 
committee responsible for a draft standard 
entitled: 

CE 32-Reinforced Soils and -"'-"'li:Uillllll!, Structures 

In addition two 
commment: 

standards were issued for 

(i) DR 92090:R Methods of soils for 
purposes: Method 2.1.6. Soil moisture content tests-

of the moisture content of a soil-
method (subsidiary me:mc.a 

date for comment was 31.07.92. 

UH'):--L'\;;;),'!!II and This is 
the draft of the new Australian Standard Code 
which will AS 2159-1978. The draft code has 
been 

.... " ... sections. 

The draft code was issued for 
comment until 30 1992 but in view of the 
interest and debate the deadline for 
comments was extended to the end of October 1992. 
Copies of the document can be for $30.00 
from: 

Australian tre'Orr,leCJf'W1UC\ 1992 

Standards Australia Att . P. Walsh 
Standards House 80 Arthur Street North 
NSW 

Members with an involvement or interest in deep 
foundations are to obtain a copy and 

in the review process. 

Since there is little to from the SA committees in 
this issue, its worth readers that this 
feature is also intended to a forum for members to 
comment on their experiences good or in the 
various geotechnical standards. Such discussion' 
could feedback to the Standards' 
Committees with the of in these 
all reference documents. 

Before you about the next issue, we would like to 
take this to say !!oodt)Ve, 
This is the last issue of Australian Geomechanics (for many 
years at that will be a Western 
Australian Editorial Panel. Whilst the task has sometimes 
seemed onerous, there is no doubt that it was an 
worthwhile. The pleasure of seeing the work 

be with the joys of childbirth. There 
was a lot of not a small amount of 
but we can ten the Victorian Editors that 

whatsoever ... 

and 

we do know that 
out there who read the magaz:me 

last, we have to extract a State 
from SA from offstage!) 

For the next two years, Australian Geomechanics will be 
an Editorial Panel nominated by the 

Victorian and based at Monash The 
Panel will be led Dr Chris Haberfield and we wish him 
and his co workers all the very best. 

And now .... the moment you have an been for.. ... 
the next issue will centre around ..... Research in Australian 
Geomechanics! 

Over to you Chris! 
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In 1990 several and based in 
area formed a group caned the Goldfields 

(GGG). The purpose of the group was to 
science and to a forum for the 

in the field of Rock and SoH Mechanics. The 
group was lead by D Fotakis and P Loubser in 
orgamsea seven which internal and external 
presenters lectured on new solutions and achievements in 

rock mechanics. 

on 6 March indicated 
the AGS as a local group. As a 

1992, a of the group voted to 
transform the Goldfields Geotechnical into the 

of the Australian Geotechnical 

The group consists of eleven AGS members and twelve 
members who are to in the near 

future. interested in the activities of the group are 
invited to contact Trevor Little at the West Australian School 
of Mines Tel: (090) 805155. 

Details of the 1992 1->""",0""''''''''' of the Kalgoorlie are 
in the State 

A Centre for Geomechanics has been in Western 
Australia in June 1992 for the purpose of 

and scientific needs of the state's 
the 

and 
industries. As a venture, the Centre is 

able to draw upon the combined talents of its five 
the UW A Geomechanics 

Division of the W A School of 
UW A of Geology and the W A of Mines. 

The aim of the Centre is to a vigorous, world class, 
centre of research excellence and education in 

with on its to 
the mineral and energy extraction sections of Australia's 
resource industries. Expertise will be available across the full 
breadth of from soil and rock '"''"''''''''''''''"''' 

who are affiliate members of the Centre will have 

systems. 

Further information about the Centre may be obtained by 
RJ the Centre's Director, on tel. (09) 380 

3300 or fax (09) 380 1130. 
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'Embankment Dam 
mp'lellon and Patrick Macgregor 

has hit the stans and will be reviewed in a 
future issue of the Journal. The aim of the book to 

AA "-'''''''IC'''''' 

manuals and reports which include titles such as : 

Model 
for Prestressed Ground Anchors 
for Reinforced FiU Structures 

Groundwater by Horizontal Drains 
Review of Design Methods for Excavations 

Further information on the bAlc:au,ons available may be 
obtained by to: 

Publications (Sales) Office 
Information Services 

In February of this year, the New Zealand Geomechanics 
and New Zealand were host to a 

'double' on the conference the 6th Australian 
New Zealand Conference on Geomechanics and the 6th 
International on Landslides. 

The Australian New Zealand Conference On Geomechanics 
ran from 3 to 7, was attended by over 150 U'-"'-'I';"'''-'' 

and had as its overall 

was the New Zealand 
Commission (EQC). 

An excellent introduction to the conference was 
Professor J. K. 
his 
Risk - Some Lessons from the Loma Prieta 

Aftermath of the 1989 Loma Prieta p<,,'U"'" 

_,.., .. __ . ___ , in a series of colour 
Professor Mitchell to illustrate how 

This was then used as a basis 
to 

Australian Geomechanics - 1992 



to nr ... • . ...,p.!,,, 
in critical areas, seismic of deficient 

structures, systems and the 
of emergency response 

The conference was also the venue for the John Jaeger 
Memorial Address which was Dr B.G. .. u,,. 
CSIRO, on the Interactive Load-
Deformation and Flow Processes in Soils, 
Unsaturated and Soils." The concept model was 
developed over 25 yearsasa 
mcort)Or:atulg the theoretical and 

were discussed 
categories: 

Session 

Session 1: Earth "' ... u ..... u.".-'-', ... 
Geofabrics. 13 papers 

Session 2: Foundations and pt,,'m,,:-," Walls. 16 papers 

Session 3: Tunnels and Excavations 13 papers 

Session 4: Soil and 23 papers 

Session 5: and Probabilistic Methods 13 papers 

Session 6: Slope "'U'lJUIHY and Seismic Hazard. 13 papers 

Session 7: 

Of note was the Session from Prof John 
Carter who to a very informative and 
well balanced analysis of the 13 papers on and 
Probabilistic Methods - matter that """vu .... " 
be for the uninitiated. 

be expected the 90+ papers reflected a broad 
V" .. ""'.'VIJ of the Conference theme of risk. 

theme however did focus conference 

included: 

a) the need for common 
for terms such as 

and 
the need for education within and outside 

in the concept of and risk associated with 
works. 

This was followed the NZGS Geomechanics Lecture, 
Professor G.R of Southern 
on the "Geomechanics-The Art and The 

Australian (ieom!ecl'Imllcs 1 

on 

1992 and was 

was 
ISSMFE and IAEG. His the first time 

it attracted over 224 papers. 
<Tn.TU'o>nr·", in the context of the 

and 

International Decade for Natural Disaster Reduction 

Technical sessions were introduced 
session themes from keynote 

General themes: 

Landslide ProfD H "''''''IJ',,'UVIJ 

Dr N R 

Stabilisation & Remedial Works. Dr R L Schuster 

Landslide Hazard Assessment Dr J N Hutchinson 

& Instrumentation. Mr J Dunnicliff 

Specialist themes: 

Seismicity & Landslides. Prof K Sas sa 

Landslides & Reservoirs. Dr W Reimer 

Mine Slopes. Dr B K McMahon 

Slope .",,,""" .... ',,, in Areas. Dr E W Brand 

Landslides in Australasia. ProfRFeH &DrW 
M Prebble 

With such a wide range of themes and 
iml)ra(;tical and 

information. 

Of interest to delegates was the massive landslide 
stabilisation programme around the 
shoreline of the 
Zealand. This 11V(U"Q.-eH::CU 

behind the '·"'''n' .... ' 
Central Otago, where 
complexes pose a vv,,,,,,u .... 
of the scheme. Some 15 papers with various aspects 
of landslide stabilisation programme on the 
Project were included in the .... VlllA"''''' .... " pf()Ceedllngs. 
addition had the "ny,,, .. tn 
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tour to visit the site and to an of the 
nature and scale of the remedial works. The landslide 
stabilisation programme is the in the 
world and is (US$220M). 

in 
never materialised as at the eleventh 

Prof V D was unable to 
attend. 

Reports to the conference from the UNESCO 

"TLC threat to ban 
"PM buckets poor waste "t-.. "t",o •• ·,,' 

"Tonnes of waste to wait at Fremantle" 
"Toxic waste exports to UK banned" 
"Toxic waste under cloud" 
"The morass of intractable waste" 

less 
"Premier rises to event" 
"Do not rubbish the idea of "n';";,> .. ,, 
"Once and Future LandfiUs". 

This is just a selection of snappy headlines from various 
"'" .. ,,'''' around the nation in recent time. Headlines over 

articles which focused readers on a rubbishy subject. Your 
esteemed - with this issue - has the 

zeal towards what is a rather 

set 
the "How will we dispose of our 

trash when like this one in New York City are full? 
Discoveries by garbage archaeologists clarify our options." 

could have been taken at anyone of a hundred 
locations in Australia and the by the leader 
writer is as relevant to Australia as it is to the USA. 

The article was of course 

famous. The article revealed that the work 
showed US garbage consists of about 50% paper. The 
in Oz is to be very different so it is obvious that the 

must lift their standard so that the bulk of 
the written word is retained for its value 
we may be over-taken by a sea waste. 
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fromDrB 

to the USGS Landslide Centre. 

that Issue No 22 of Australian Geomechanics does 
to contribute to the unJl ... "'" 

On a different 

so, the then Environment 
of excellent articles 

The Bulletin which 

of our current age. 
articles doesn't seem to have 

with intractable 

Cohen wrote a 

Cohen's successors to make any real inroads into a 
solution. In this case the can be assured that 

this will not see it go away. 

More recent headlines bear testnrlonlV to the fact that the 
and the waste are both still very much with us. 

Political progress is however being made in the landfill area 
with UDr F eelgood" 
by the local some kudos by the go-
ahead for an ambitious methane gas collection The 
gas is to be used to for a sports centre with 

sold to the SEC. The headline which 
the article may have the feel of the 

event for the good Doctor as the West lead with 
"Premier rises to smelly evenf' 

Back to 
It was a 

aspects of the work 
didn't rate a mention but it remains an excellent record 

the way "The 
has once its "'''''''''''''. 

If you are interested contact Australian Geographic, PO Box 
321, Terry NSW 2084. Tel:(02) 4502300 or 
9863517. 
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The first National Committee meeting for 1992 was held in 
Sydney on 10 1992. As mentioned in it had 
been planned to hold this in Adelaide in the 
interests of economy, the venue was changed at the last 
minute. also in the interests of economy. the 

IEAust's facilities in North is not the place to 
examine meeting facilities a commercial 

should be cheaper than those belonging to AJ...I-.m ... 

but it does seem to this individual that there is 
something wrong if IEAust cannot for 
,."pph,n eT" at a rate indeed. 
all. 

Over the past few National Committee meetings, those 
delegates who can the 

before the meeting. Informal discussions held over a 
bottle or two ofred wine seem to ..... '-' \,lI""."'_,U 

of ideas without the strictures that 
formal have also allowed your 

"n' .... ".'nl"l,nti,pnt to those issues 
,,.,,·,,,,,-t<lT'('P for the general reader. It is a 

SUl'DnISlfll!: fact that the interest in any 
is much more to be a function of the heat it 

generates such informal discussions, rather than the 
space it occupies in the business paper. 

The opened at lOam with the fun business 
paper. One of the first items discussed related to the matter of 

and the related issue of IEAust 
subventions. For an non IEAust members and others who do 

IEAust offered a $15 subvention (= 
money in to the technical society of choice for each 
IEAust member. the for such 
members was reduced accordingly. This created 
cornpc)UnGed for the AGS 

1. significant numbers of non IEAust 

2. a less than crystal clear IEAust 
notice, which did include an ",n""'.rt",n' 

n"",,.,,,,nt of additional society subs if Q,.,,,,,r,,,nr, 

as the 

existing AGS members a separate 
renewal form which did not mention a 

n""'TIPlnf for those AGS 
of the IEAust subvention. Since the AGS 

renewal forms were sent out BEFORE the IEAust 
payers had no chance of avoiding the confusion! 

Of course all this confusion was the usual 
<l.VlfI''',<l.llcUH of the of the First Law of Engineering 
"When all else read the instructions". Since aB else had 
not failed (" ... and anyway. I've renewed my ""r'''''Y',nt, 
dozens there w as no need to read (deci pher?) 
the accompanying documentation and the result was chaos. 

Australian 1992 

The effects mess are stin but we are 
assured that it will all be sorted out next year. We shall see! 

the VH.'U"_U the National Committee welcomed the 
Technical Societies like AGS in 

this manner. It gives and to our role in the 
Learned Society function of the IEAust. 

"Australian Geomechanics" are very to welcome the 
new group in Kalgoorlie and we all look forward to a long and 
fruitful between all 

issue of "Australian 
Geomechanics", is being to the 
future directions that AGS should take. The National 
Committee agreed that more consideration needs to be given 
to this in of the fact that both the 
IEAust and the AusIMM seem to be losing 

that most members expected that should be given to 
their needs, rather than to the needs of the 
engineering 1 The matter of the future direction of 
AGS will continue to be actively considered and discussions 
with IEAust and AusIMM on this matter are 

1'"Y>ort,,/1 in the last issue of "AG" that the Victorian 
vU! ... ,.,a"" two videos Peck. 
, financial considerations prevented this but we 

mease:oto announce that National Office has into 
the breach and them instead. Contact AGS National 
Secretary, Peter if you would like to see them. 

of the success of a similar venture in it was 
to hold a Geotechnical Professionals' 

Conference in Australasia. The National 
the idea and charged its Chairman, Mr Garry 
to a specific draft for the next National 
Committee meeting in October 1992. 

00 

report that, its no or other 
communication has been received on this vital matter since the 
vu .. ",,,,,,,,,.. of the Editorial in the last issue of "AG". This matter 
WILL affect each and every AGS member, if the AGS 
comes out from beneath the IEAust "umbrella" and becomes 

We wonder how many AGS members would 
from IEAust/AusIMM if AGS subscription rates were trebled or 
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At the annual in-house technical seminar held 
& 

• maximum 

moisture content 

limit 

limit 

percent 75 urn 

linear 

To add some fee was 
incentive to enter, a $5 fee was f'h<'T",,·rI 

everyone entered. 
and "'''''''''5'' 

should 

As a further 
pnlrpnmo- Not 

Scoring was based on a system one 
for each away from the official result. 

entrants received one 
away from the official result. 

The lowest score would win the handsome 

The estimation 
hAth"."n ..... to look at the 

the Seminar 

IlIl,YH.,VU scrutineers ensured no while 
the pepper steak washed down with Bin 444. 

after an results were' locked in' were the official values 
the scores were calculated and sorted. The 

results were announced over 
merriment of all. 

VH' .... un," and coffee to the 
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The vital statistics of the were as follows: 

red-brown 
from Ashtonfield 
iVU''''U<U''''j, NSW 

Maximum 1.68 

moisture content: 22.5% 

Limit 62% 

Plastic Limit: 17% 

Percent 75 urn: 92% 

Linear 15% 

A total of 53 entries were received. A number of 
informal entries were received from some non dirt-oriented 

who wanted to save $3. The for 
that the 

obtained the correct answers but not 
fined out the 

once more that crime 

two ext>enlenced. tied 

score was 
who hadn't yet visited the soil 

The results are shown on the Rather 
than names, the entrants have been 
classifications: Geologists and Technicians 
Senior Technical Officers were at the "'''''"'''Ua.! 

The final 

are 
technicians 
it would appear there is no substitute for 
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What an exercise "The Clay Feat" was. I am sure 
that there are many who would not score 
as wen as we lesser mortals would think ... ! Whilst there are 
many made in Jones' we 
would also like to add some comments on the data sets. Some 
of these are made in the of 

Professionals with limited can be very wide of 
the mark. Don should have a chat with his 

about the of void ratio. 

(2) It would seem 
drunker more 

15 - 20 years experience get 
when are geologists! 

(3) Technicians tend not to have too many grey but 
get the answers anyway! 

There seems to have been an awful lot of gW",'''''''g 
on. 

(2) Geologists don't seem to have any 
generally too low. 

(3) Perversely, there seems to have been a group 
who guessed too 
at the wrong end of a 

C01TIo;actlOn tests 
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1) Years ago Don introduced me to the concept of a 
here it is 

this clay would not seem to be 
omp-v,'''' at least 25 % of those would 

not agree (or was the whole world at the time - in 
which case we could conclude that engineers get drunk more 

than geologists and 

(3) 
a Linear Shrinkage value of3% and a %fines of at least 60%. 

strange soils over there in the E.S. (Since this is our 
last issue we can make statements like that -
please send an your examples of gravelly sands 
with a PI of 250 and a Linear of 0% to the new 
Editorial Panel in Victoria. We know win be very 

Editorial Panel Law #1 - aren't used to 
materials without much sand in them unless they are very soft 

the -92% passing 75u is very 

statement, please contact Victorian as per above) -
Nearly everyone was too low some far too 

(2) Has anyone asked D J Douglas & Partrners most senior 
citizen how he this one so Shame about this result 

- If he hadn't done so on this estimate, he would 
have been amongst the front runners - or was he nobbled? 

of the overan scores would make very 
I there is to be a paper 

presented on these data at the next year's conference in 
Canberra on Probabilities and Risk - I am 
be very In view of the imminent demise of lab 
testing after the seminal debate in Victoria earlier this year, 
these new data should form an excenent basis for the 

l'el'OplTIelm of a new random number generator to 
information to pass on to etc. The 

mystery of soil mechanics lives on! 
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The 1992 Committee 

R Smith 
DrW Bamford 
Dr A Bennet 
PMcDonald 

McKenzie 
J Seidel 
R Sanders 
K Seddon 
PThorton 
DrWPower 
D Raisbeck 
B Chandler 

REPORT ON RECENT MEETINGS 

Vic Roads 
"SOIL NAILING" 

a lecture on the 
and construction of Soil Nails. 

their talk with two case the Western 

I Haustofer 

Broadmeadows Section and the BeH-Banksia Link Road. 

October 21, 1991-VISIT TO CSIRO DIVISION OF 
GEOMECHANICS AT SYNDAL 

This was with AusIMM. The research acti vities 
of this division were described and the discussed 

needs and CSIRO's 

November 1991 - Professor I 
E.H.DA VIS MEMORIAL LECTURE -
"GEOMECHANICS AND THE L",-,-,n.'ULl 

ROCK TECHNOLOGY" 
Ass. Professor I Johnston nro'>C""",,,,rI 

OF SOFT 

of his 1991 
E.H.Davis Lecture. The lecture covered a wide 
range of concerned with weak and weathered 
rocks and the results of many years of research 
into the behaviour of these materials. The Victoria 
annual dinner followed the lecture. 

1992-Professor Emeritus N 
Institute of 

Australian Geomechanics - 1 

"DEFORMATION BEHAVIOUR OF SEDIMENTS" 
IJl v"vu.",",,,, an informative lecture on the above 

He described a novel method for """""';""'5 
nTPCPTl,tpi1 a number of case 

studies to illustrate its 

aspects 
faced and the innovative methods used to overcome these 

1992 -The Great Debate on the 
"THAT LABORATORY TESTING IS A WASTE OF 
MONEY" 

1 992-Professors Poulos & Mark cmr',,'rm and 
Associate Professor Ian Johnston 
ALL DAY SEMINAR - "PILING-MODERN 

The 

examined and in addition a substantial amount of material 
yet was The seminar was 

the AGS and ACADS and attracted over 90 

June 1992 - Rick Pasminco Ltd. 
''THE INTRODUCTION OF MM130 AT 
BROKEN HILL" 
Mr 

AusIMM and the AGS. 

process used 
some of the 
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FUTURE MEETINGS 

in China's Water Resources 
veAloprnern: Case studies and Zu Yu 

Chinese Institute of Water 
Power Research. 

to mark the release of the book 
of Melbourne" 

14 October-This lecture will describe local with 

, 
SPECIAL AND PUBLICATIONS 

Geology of Melbourne: The book on the 
of the Melbourne is almost 

in 1992. 

Subcommittee on Groundwater Act: A subcommittee has 
been formed to concerned with the 

c) The Foundations and This 
has been formed as a from the AGS and is not 
affiliated with the of 

society a forum for discussion of 
and other related matters. The Victoria 

Provisions for Site 
Residential Slabs and for Victorian Conditions' was 

The 1992 ""In""''' 
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Peter 

John 

Prof. John 

Kim 
Prof. Robin 

A Prof. Man fred 

Paul 
Jack 

1992. Further sub-committee work on 
in progress. 

Committee is as follows: 

& Katauskas 

& Partners 
Ltd 

D.J. & Partners 
Ltd 

of New South 
Wales 

Consul tan 1$ 

AProf. John 

Michael 

Patrick 

Associates Ltd 
McMahon Associates 

Partners International 

J.A MiUar & Associates 
Ltd 
School of Civil 

"I\,'Pl",,,tv of New South 
Wales 

Ltd 

Ltd 
Partners International 

Partners International 
Ltd 

PROGRAMME OF RECENT MEETINGS 

March 

Joint Mp,MU""o- with Civils. 

Partners International 
Ltd 

Point Car Park" 

1992-Professor H. G. 
International 

of 
"Geotechnical ... ",uv"", of the Newcastle 

June 1992 - Richard 
Ltd 
"Construction Vibrations in the Urban En vironment"J oint 

with AUCTA 

'-'ViI'>;_'''''''' Associates Ltd 

FUTURE MEETINGS 
12 AUGUST-"ROCK BOLTING AND ANCHORS" 
Charles Golder Associates 
Australian Coal Research 

9 SEPTEMBER-"RESEARCH AT SYDNEY 
UNIVERSITY" 

Centre for Geotechnical 

14 OCTOBER-"PREDICTION OF RIPP ABILITY OF 
ROCK" 
Ms Fiona 

11 November-Chairman's 
CONTRIBUTIONS 

of New South Wales 

IN RELATION TO LOCAL PRACTICE" Bruce 
& Katauskas. 
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FUTURE CONFERENCES I SEMINARS 

has meanw hile conference VI 0,a.lU''''''LlVlI 

well. Sub-commiuee Chairman: Prof. Robin Fell 

Rocks ofthe Central Coast and Newcastle 
has been deferred until 1994. 

1992 Committee Members: 

Chairman 
Chmn 

Secretary 

Bob Newman 
John Morris 
Dr Patrick Lunn 
Paul Peter 

Ian 
Dr Peter MitcheU 
Dr Maurice Arnold 

REPORT ON RECENT MEETINGS 

Seminar 

As usual the South Australian 
on the third 

Institution of 

held a fun programme of 
of each month in 
11 

North Adelaide. 

held in 1991 and 1992 are listed below. 

t'Ol.mdaU4Jn Systems,"Small 
Diameter Driven Piles" 

Dr Patrick 
Fracture" 

PPK Consultant 

Kinhill "Underwater 
Geomechanics" 

June 1991 - Bob Newman & Ed \..-VUH,:!!,,,,llll, E & WS 
"River - Salt 

15,1991 - Don 
"AS 2870 Residential 

of South Australia 
Code" ( combined 

with SA and SA Structural 

Australian Geomechanics - 1 

1991-ANNUAL SEMINAR-"PILED 

Sands 

October 
of Groundwater Research 
Contaminated Sites. 

Park Terrace 
Vs Performance 

Vibration in 

November 18, 1991-Visitors Annual 
"Environmental Geomechanks" 

1992-Dr CSIRO,"John 
Memorial Lecture" - a of the award lecture first 

""C"''';U at the 6th ANZ Conference on in 
Christchurch in 1992. 

March 
associated with 
HYDSOC. 

of Movements."-Jae 
Beams in Soils" 

June 
Piled Foundations-Port 

IVllU!i.,oaUtJII Proposals." 

with 

of SA, 
Soils to the Prediction 

of SA, "S ide F ricti on on 

of 

"Chowilla 

1992-ANNU AL SEMINAR -"Environmental 
Geomec hanks" 

October 1992-William 
students.Research at 
SA. 

Don Cameron and 
of Adelaide & of 
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1992 includes a few new faces 
from the and 

The Committee 

Alan Moon 

Bruce White 

John Beal 
Gavin 
Bevan 
Michael Brock 
Scott Fidler 

Peter Stocker 
Paul Wallis 
K.Y. 
Michael Yau 

Golder Associates Ltd 

Partners International 

D. J. -'-''-'"'''''''' & Partners 

Services 
B.C.C. Materials Section 

of 
Ltd 

Golder Associates Ltd 
Ltd 

REPORT ON RECENT MEETINGS 

1992-Scott Golder Associates 

"SOIL REINFORCEMENT" 

Ltd 

Ltd 

Ltd 

Scou detailed results and conclusions drawn from research 
work carried out for his Masters 
included a number of 

March Gillon 

"CLYDE DAM" 
I am sure that all State were 

and informative talk on 
Isles". 

1992-Maurie 

"LITIGATION" 

Partners International 

n ... p"p",/prl some recent "'"',","""'" 
been involved and gave his wise and 
on "what went . This talk was videoed for pVu'u,,-,,'" 

out a few of Maurie' s colourful 

MAY 1992-SYMPOSIUM- "SAFETY IN 
EXCAVATIONS" 

74 

Division of 
National 
Civic & 
MFM Trench 
Wreckair Ltd 

nrp"p",lprl various on the 
excavations. The 

the 

Ltd 

Shorco Hire Ltd 
Brisbane Council 
Golder Associates Ltd 

The need in an situations was 
dramatic videos of the of 

June 1992-RusseH of 

INTENSITIES" 
This was "'.",,,,,,,,iJIU Di vision of the 

to variations in in 
as wen as CWTent ",UI''''''UHI''. were outlined and the 
of seismic risk maps discussed. 

FUTURE MEETINGS 

Technical 
include the 

"",,"""UUI'''' nlrnnn"p'£1 for the remainder of 1992 

23,1992 

"DIAPHRAGM 

Silo at Newcastle. 

1992 

DINNER MEETING 

CONSTRUCTION" 

The venue, invited and are still to be finalised. 
a memorable occasion as an dinner 

have been. 

.,v",'''u"",, 3, 1992 

"CENTRIFUGE MODELLING IN '-'''-''VHLA.J'--A,L' U 

WITH APPLICATIONS IN MINING" 

on. 

October 22, 1992 

"E.H. DAVIS MEMORIAL LECTURE" 
Professor Ian Johnston. 

Novem ber 1992 

ANNUAL GENERAL MEETING 

members for 
1993. Please forward your 
Committee. 

"pn/<>Iion" in 
to any members of the 
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REPORT ON RECENT MEETINGS 

of Tasmania. 

"THE MINERAL POTENTIAL OF 
WESTERN TASMANIA." 

the distribution 
Tasmania and the of their 

He identified two stages, i.e. the of surface 
UI:OL'VML:> between 1860 and 1930andthe of sub-
surface between 1960 and 1990. The latter 

new sub-surface 
He discussed the current value of ore 

and that a new 

In Tasmania research is 
vulcanics which contain 

Dr concluded his address with a discussion on the 
environmental of 
modern methods could to 

levels. 

November 1991-Ivan Melbourne 

"SOIL NAILING" 
as a type of 

reinforcement of soil the construction of 
batters. This method of stabilisation had been 

the 1970s and is now also used in 

ie. 
nails and failure due to excessive 

considered. 

Mr Hausdorfer concluded 
carried out on soil nailed 

illustrated witha series of slides 
at two in Victoria. 

1992-Dr John 
London 

"LANDSLIDES IN PERU" 

Australian Geomechanics - 1 

details of failure 
His address was 

to members of the 

Dr an illustrated address 
landslide events in the Andes Mountains 

at the 
Dam on the Mantaro River. In one of the 

1500M cU.m of mal.ericll, 
had slid into the Mantaro River 

downstream of the Tablachaca Dam. The landslide created a 
,p",'"r,,.,,,",, embankment that blocked the river for about 40 

When the fill was the flow 
downstream was estimated to have at 10000 
The flood wave caused this event was recorded wen 

BraziL The 

At the Tablachaca Dam it had been noticed that the 
upstream and to the dam was undercut due to 
the continuous of one of three bottom sluice gates 
in the dam. These gates had to be to 

siltation of the reservoir. The sluice flow caused the 
formation which destabilised the toe. Remedial 
works at the site induded the construction of a 
berm soil anchors in the slide materiaL 

March 1992- Works 
New Zealand 

"GEOTECHNICAL PROBLEMS ASSOCIATED WITH 
THE CLYDE DAM" 
Mr Gillon an overview of the reservoir 
works which are carried out to the of the 

Dam reservoir. In his Mr Gillon showed details of 
work which was carried out at the damsite 

and at a series of recent a landslide areas 
above the new reservoir. Substantial works had 
been put in at a number of sites to reduce the risk of 
failure to limits. An extensive network of 
instrumentation had been installed to monitor both the dam 
and the reservoir banks the 

1992-Dr Fred Hobart 

"MANAGEMENT OF THE ROSETTA LANDSLIDE" 

zone was found 
effecton the local 

not in monetary terms but also The 
need for effective communications of technical matters with 
the affected residents was stressed. 
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The 1992 Western Australian 

Ian Chairman 
Prof. Mark '"i;111U\JUJi 

Trevor Osborne 

Peter 
Colin 

Abbs 
Charles Waterton 
GeoffCocks 
Peiter Zwaan 
Andrew 
Steve Brice 

Committee is as follows: 

PROGRAMME OF RECENT MEETINGS 

13 1992-Prof. John 

'ANALYTICAL METHODS IN GEOMECHANICS' 
The theme of Professor Booker's talk was the role which 

methods can in He showed that 
what may at first appear to be a very 
can often be and idealised to the extent that an 

solution can be found. This process is in itself of 
value as it the essential features of 

could then 

corn bination of 

The most message which the "lJ<;;;<U\.'V! ,',-,nUPUF''-' 

the audience was that even with the 
nn''''p,,,,,, finite element or VUllIlU<1.I 

....... ,,'" should 
no matter how much idealisation was rp,,,,,,",,,rl 

necessary, the amount of such 
this 

24 March 1992 - New Zealand Works 
Services 

'GEOTECHNICAL PROBLEMS ASSOCIATED WITH 
THE CLYDE DAM' 

Gillon was the IEAust Eminent for 1992. A 
report on his talk can be found elsewhere in this issue. 

14 1992-Trevor Osborne Geotechnical 

'RESIDUE AREA GROUTING' 
For a number Trevor Osborne has consulted to Alcoa 
of Australia Ltd and worked 
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sand under-drain. Residue 
to 30 metres. M()I1itorin 

has detected some losses of caustic 
much effort has been put into 
of the A"''''''".5'''' 

The talk described the methods of leak location which now 
head survey of the 

The described the and methods p.mnl£)VP'11 

to realise this under than 20 metres of residue 
U'-'!J"_"'''''' and showed a number of slides of the work in 
progress. 

12 1992-Dr Martin of Western 
Australia. 

'USE OF THE SEISMIC CONE AND PRESSUREMETER 
TESTS FOR SETTLEMENT ANALYSIS' 

for the talk was that the stress-strain 
behaviour all soils is even in 
the 'elastic' range. This means that the <>n • ..,r."nr'<>tp value of 

= ] 
secant modulus to use in a deformation calculation 
upon the shear stress level ateach location. for 
a soil the stiffness value will 
vary with location relative to the loaded area. Rather than 

to define how to choose the secant 
lOc:auon. the that a 

that the response is non-
methods the 

stress-strain curve for each site. 

The then went on to show how this was 
sand. A non-linear Mohr-Coulomb model was 
Df<)D()Sel[l. The' elastic' part is similar to the usual 
model but with two additional to allow the model 
to be matched with 

where G is the secant is the 'small strain' shear 
""JIUUI.U::l, 1: and shear stress and the 
maximum shear stress (i.e. the current shear The 
",,>,r,,, ... ,,,,t,,.,,,,, f and g are - f dictates the 
strain to failure and g controls the 
failure. 

The method for the model consists of 
out seismic cone tests the at the 

in situ stress state and the parameters f and g are obtained 
the model with a finite element 

f and g to match the 
curves in 

tests.This process was demonstrated 
Perth. The talk finished with an 
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at UWA in 
Research Station 

and a of the types of 

A vote of thanks was Drcmoseo Mr Chris Potulski. 

9 June 1992- David Dames & Moore 

'SEISMIC ANALYSIS OF EARTH STRUCTURES' 

,.,.",."''''',. it is still necessary to assess the 
of earth structures 

conditions. 

of such structures was 
n .... v' ..... uIl"" the literature. The reflects the current 

in California but takes account of Australian 
conditions. 

25 June 1992-Steve 

GEOLOGICAL DATA BASE FOR THE PERTH 
CENTRAL BUSINESS DISTRICT' 
The increase in in the Central Business 
District of Perth over the last decade had lead to a large 

",,,,nu.,.,,,,, .... and data available 
studies that had been 

... __ ••••• _ J of factual data available is not 
in a form that is useful to 

structural or 

Steve Brice outlined how the VvU'Uc,!\,,<u 

Australia has established a trial database of 

various stored datasets. 

PROGRAMME FOR REMAINDER OF 1992 

23 JULY -"MINING TECHNOLOGY" 
AID 

11 AUGUST-
Prof. 

8 SEPTEMBER· "INVESTIGATION 
CONTAMINATION" 
International Peiter 

13 OCTOBER-
of Mines 

20 OCTOBER PROJECT-FOUNDATION 
SYSTEM" & Hill Denis 

10 NOVEMBER - "INSITU TESTING OF SOIL" .::>V'O<1Jl\.<;;. 

Prof. Peter Robertson 

In 1990 several based in 
n.a,,,,,'VUl,, area formed a group called the Goldfields 

The purpose of the group was to 
L\.A-m",,,,,, science and to a forum for the 

the field of Rock and Soil Mechanics. The 
D Fotakis and P Loubser and in 1991 

and achievements in 

the GGG """,,,,tu,,, 

group. As a result on 7 of the group 
voted to transform the Goldfields Geotechnical 

it: t"1.l1:SU ,:\Ii<lll Geotechnical 

T Chairman 

D Fotakis Co-Chairman 
TN 155 

G WMC 
P Member WMC 

The group consists of eleven AGS fun members and 
twelve members who are "ALYV"'"'' to in the 
near future. in the activities of the group are 
invited to contact Trevor Little at the West Australian School 
of Mines Tel: 805155. 

PROGRAMME FOR 1992: 

6 'w A TER TABLE MEASUREMENT USING 
PIEZOMETERS IN OPEN PIT MINES' Colin 

SINCO 

7 March-' GEOTECHNICAL INSTRUMENTATION AND 
CABLE BOLTING' Rock 

8-10 June-'WESTERN AUSTRALIAN CONFERENCE 
ON MINING GEOMECHANICS' Western 
Australian School of Mines 

24 June- 'RADIO IMAGING IN MINING' ScoH 
Mineral Technical Services 

Oct-' SCHOOL ON NUMERICAL MODELLING 
IN MINING GEOMECHANICS' '-";S"'U<'''' 
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greater detail may be inserted in 
any issue of Australian Geomechanics. 

NOV 2-5, 1992 
Perth, Western Australia 
INTERNATIONAL BAUXITE TAIUNGS 
WORKSHOP 
Topics: Classilication, dewatering and 
washing prooesses; Slurry transportation 
and dislribution techniques; Material 
properties and design 01 storage facilities; 
Operational practices; Environmental 

and management; 8. Alternative 
storage areas. 

This international workshop will provide an 
update on 

use. 
Milena di Russo, Workshop Secretary, 
Bauxile Tailings Workshop, PO Box 265, 
Hamilton Hill, WA, 6163 Australia. Tel: (09) 
434 2886. Fax: (09) 418 4980. 
NOV 3-5, 1992 
Rio de Janeiro, Brazil 
1$1 BRAZILIAN CONFERENCE ON 
SLOPE STABIUTY 
Topics: Various topics with particular locus 
on the tropical and densely populated areas 
01 Rio de Janeiro. language: Portuguese. 
ABMS/COBRAE-Av. Rio Branco 124-
180andar,CEP 20042-centro, Rio de 
Janeiro-RJ. Tel:(021) 221 6177-R.178 or 
108. Fax: (021) 580 10260r(021 5111546. 
NOV 6-7, 1992 
Tokyo, Japan. 
INTERNATIONAL SYMPOSIUM ON 
RECENT CASE HISTORIES OF 
PERMANENT GEOSYNTHETIC-
REINFORCED SOil RET AI NI NG WALLS 
Prol. Fumio Tatsuoka, the Institute 01 
Industrial Science, University 01 Tokyo, 22-
1, 7-chome, Minato-ku, Tokyo 
106, Japan. 
NOV 11-13,1992 
Fukuoka, Japan. 
INTERNATIONAL SYMPOSIUM ON 
EARTH REINFORCEMENT PRACTICE. 
(IS Kyushu 

Topics: Materials; 
methods; Construc!ion practioes; Monitoring 
systems. language: English. 
Secretariat 0/ IS Kyushu '92, Prol. Hidetoshi 

Ochiai, Dept 01 Civil 
Kyushu University, Hakozaki, 2, 
Japan. Tel:(092)6411101 ex52120r5232. 
Fax: (092) 6415195. 
NOV 17-22, 1992 
Wahun, China. 
INTERNATIONAL SYMPOSIUM ON 
HYDRAUUC RESEARCH IN NATURE 
AND LABORATORY. 
Topics: River dynamics; Hydraulics lor 
structures and hydromachines; 
Environmental hydraulics; Cooling water 
syslems; Navigation hydraulics; Ground 
water hydraulics. 
Pro!. Liu Yangtze River Scientilic 
Research Institute, 23 Huang Pu Road, 
Wuhan, 430010, China. 
Nov-Dec, 1992 
Bangkok, Thailand. 
GEOTECH 1992 
This year Geotech 92 inciudes workshops 
and courses as lollows: 
Nov 23-26,1992 
Workshop on COMPUTER DED 
DESIGN GEOTECHNICAl 
ENGINEERING 
Nov 30-Dec 4, 1992 
Symposium on PREDICTION vs 
PERFORMANCE IN GEOTECHNICAl 
ENGINEERING and 
Dec 7-11, 1992 
Workshop on APPLIED GROUND 
IMPROVEMENT TECHNIQUES 
Pro!. A.S. Balasubramamiam, Geotechnical 
Engineering Division, Asian Instilute of 
Technology, GPO Box 2754, 
10501, Thailand. Fax:(662) 524 5523. 
DEC 7-11,1992 
New Delhi, India. 
REGIONAL SYMPOSIUM ON ROCK 
SLOPES. 
Themes: Geolechnical parameters, 
geological aspects, investigations and data 
interpretalion; Drilling and blasting 
techniques - innovative approaches; Slope 
stability analysis; Rock anchoring, other 

methods and drainage; Slope 
monitoring and instrumentation; Special 
DrclblE!ms 01 opencast mining. Abstracts: 
Dec 31, 1991. Papers: May 31, 1992. 
language: English. 
C V J Varma, Organising Secretary, 
Regional Sympcsium on Rock Slopes -
India, The Committee 01 the International 
SOCiety lor Rock Mechanics, Plot No 4, 
Institutional Area, Off Malcha Marg, 
Chanakyapuri, New Delhi - 110021, India. 
Tel:91 301 5984. Fax:91 11 301 6347. 

FEB 10-12, 1993 
Canberra, Australia. 
CONFERENCE ON PROBABIUSTIC 
METHODS N GEOTECHNICAl 
ENGINEERING. 

01 slopes, 
"<><",,,,"'nn'''''''' slrucrures; MOnAllinn 
properties; Other aspects 01 prc,balbili!,!ic 
methods in Abstracts: Mar 
25,1992. conferenoewill be preceded 
by a two workshop on 8-9 Feb 1993 
presented invited speakers covering 
various aspects 01 reliability. 
Dr K.S. Li, Department of Civil 8. Maritime 
Engineering, University College, University 
of New South Wales, ADFA, Campbell, 
ACT 2600. Tel:(06) 2688329. Fax:(06) 268 
8337. 
FEB 16-18, 1993 

NSW, Australia. 
INTERNATIONAL CONFERENCE ON 
ENVIRONMENTAL MANAGEMENT -
GEO-WATER AND ENGINEERING 
ASPECTS. 
Topics: Risk and reliability in goomecllanics 
and water engineering; Water quality 
modelling 01 catchments, rivers, reservoirs 
and estuaries; Soil erosion and sediment 
Iranspcrt; Waler quality in water supply and 
resource management; Slope stability and 
landslide management including urban, 

and reservoirs; Solid waste, urban storm 
water and waste water management; Mine 
water, mine drainage and rehabilitation; 
Urban Flood management. 

Sivakumar, Department 01 Civil 8. 
Engineering, University 01 

Wollongong, Locked Bag 8844, South Coast 
Mail Centre, NSW, 2521 Australia. Fax:61 
42213238. Tel: 61 42213055. 
MAR 22-23, 1993 
Sydney, NSW, Australia. 
CONFERENCE ON GEOTECHNICAl 
MANAGEMENT OF WASTE AND 
CONTAMINATION. 
Topics: Site investigation and monitoring 
techniques lor waste disposal and 
contaminated sites; Groundwater 
contaminantllow in soil and rock; 
controls and "sale" contaminant levels; Site 
remediation and chemical cieanup; Ground 
modilication techniques, eg clay and 

vibrollotation, grouting; Foundations lor 
reciaimed landlill sites; Design 01 land/ills 
and their rehabilitation; 

impact 01 operation phase and long term 
seepage, sale contaminant levels, seepage 
minimisation techniques. 

Australian Geomechanics -



Conference organisation enquiries to: The 
Conlerence Manager, Conference on 
Geotechnical Management of Waste and 
Contamination, Tel:(06) 2706 559. Fax: 
(06)2732 918. 
APR 5-1, 1993 
Istanbul, Turkey. 
INTERNATIONAL SYMPOSIUM 
ASSESSMENT AND PREVENTION OF 
FAILURE PHENOMENA IN ROCK 
ENGINEERING. 
Themes: Failure phenomena and there 
mechanisms -model tests -surface 
structures -underground openings; 
Theoretical Approaches -strain localisation 
-failure mechanics -damage mechanics -
plastic and visco-plasticity theory; Numerical 
approaches -finite element -boundary 
element -other methods; Case studies -
slope and open pit mines -foundations -
dams -tunnels -underground caverns -
underground mining. 
Pro!. Gunhan Pasamehmetoglu, Middle East 
Technical University (ODTU), Deptol Mining 
Engineering, 06531 Ankara, Turkey. Tel: 90 
(4) 22371 00 Extn 2654. Fax: 2233054. 
APR 6-1'1, 1993 
Paris, France 
INTERNATIONAL CONFERENCE ON 
THE ENVIRONMENT AND 
GEOTECHNICS 
Topics: Legislative and legal aspects; 
Ground water and sub-soil protection; Site 
decontamination, treatment and land 
reclamation; Recognition and construction 
in reclaimed areas. 
Prof. F Schlosser, L'Ecole Nationale des 
Ponts et Chausees, PariS, France. 
APR 19-22, 1993 
Amsterdam, The Netherlands. 
INTERNATIONAL CONGRESS 
"OPTIONS FOR TUNNELLING" 1993. 

Research and new developments 
on site investigation; Design and construction 
of tunnels in soft ground and rock; 
Submerged floating tunnels. 
English. Abstracts: Feb 1, 1992. 
OPT 1993, cI- Congress Office KIVI, PO 
Box 30424, 2500 G.K. The Hague, The 
Netherlands.Tel:31 70391 9890. Fax:31 70 
3919840. 
MAY 2-6,1993 
Ontario, Canada 
SIXTH CONFERENCE ON SHOTCRETE 
FOR UNDERGROUND SUPPORT 
Topics: Design; Dry mix and wet mix 
processes; Additives; Reinlorcement; 
Robotics and shotcreting; Soil nailing and 
shotcrete. 
Prol. D.F. WOOd, University of Toronto, 
Sudbury, OntariO, Canada. Fax: 705 673 
6532. 
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11th SOUTHEAST ASIAN 
GEOTECHNICAL CONFERENCE 
Theme: Soft Ground Engineering. 
Soil Characterisation and 
Engineering Slope Stability and 
landslides; Ground Shallow 
and deep foundations; excavation and buried 
structures; environmental geotechnics. 
language: English. 
Conference Manager, 11 SEAGC, 150 
Orchard Rd, #07-14 Orchard Plaza, 
Singapore. Tel: (65) 7332922. Fax:(65) 
2353530. 
MAY 26-21'1, 1993 
Copenhagen, Denmark, 
SPECIALIST SYMPOSIUM ON LIMIT 
STATE DESIGN IN GEOTECHNICAL 
ENGINEERING. 
Topics: Existing practice in the use of LSD; 
Major problems in its use; Interaction 
between design in structural and 
geotechnical engineering. 
Dr Niels Krebs Ovensen, Director, Danish 
Gectechnicallnslitute, 1 PO 
Box 119, DK-28oo, Lyngby, 
JUN 1-4, 1993 
Ghent, Bel'Qiu,m 
2nd INTERNATIONAL SEMINAR-DEEP 
FOUNDAnONSONBOREDANDAUGER 
PILES. 
Topics: Design, installation and monitoring; 
In-situ testing; Pile-ralt interaction; 
Settlement; Case studies. 
Secretariat of B.A.P.!.!., Laboratory of Soil 
Mechanics, Prol. W.F. Van Impe, 
Grostesteenweg-Noord 2, 9052 ZWijnaarde, 
Ghent, Belgium. Tel:3291645723Fax:32 
91645849. 
JUN 1-6, 1993 
St Louis, Missouri, USA. 
3rd INTERNA nONAL CONFERENCE ON 
CASE HISTORIES IN GEOTECHNICAL 
ENGINEERING. 
Case History Themes: Foundations; 
Slopes, dams and embankment; 
Geotechnical earthquake engineering; Man-
made vibrations; Retaining structures and 
deep excavations; Geological engineering 
and rock engineering; Soil improvement, 
grouting, geosynthetics, dynamic 
compaction, vibroilotalion, blasting and other 
methods; Forensic engineering "Where 
things went wrong"; Geo-economy -
adequate geotechnical solution; 
Geotechnical and hydrological management 
of solid, hazardous and low level radioactive 
wastes; Geotechnical and hydrological 
remediation 01 solid, hazardous and low 
level radioactive wastes; Uner and final 
cover for solid, hazardous and low level 
radioactive waste management facilities; 
New solutions to traditional geotechnical 
problems. Case histories dealing primarily 
with settlement prediction and performance 
will be relerred to ASCE settlement 
conference, Spring 1994. 

Shamsher Prakash, Chairman, Conference 
on Case Histories in Geotechnical 
Engineering, Civil FniJinloorinn 
University 01 MO 
65401-0249, USA. Tel: 1 314 341 4489. 
Fax:1 314341 4729. 
JUN 2-8,1993 
KOM, Japan. 
KIGForum '93. 2nd KANSAI 
INTERNATIONAL GEOTECHNICAL 
FORUM ON COMPARATIVE 
GEOTECHNICAl ENGINEERING. 
Topic: Excavation. Design, construction and 
perlormance 01 all types 01 excavation; 
Gectechnical problems with excavation in 
urban areas. language: English. 
Prof. Daizo Karube, Engineering, 
Kobe UniVersity, Nada, Kobe, 657 Japan. 
Tel:81 78881 1212 (ext 5178). Fax:81 78 
8610779. 
JUN 9-11, 1993 
Montpemer, France. 
GEO CONFINE '93 
Themes: Natural geological barriers; 
Improvement 01 containment with treated 
geomaterials; Cover and surface isolation 
for disposal sites; monitoring systems and 
safety 01 conlinement; New confinement 
concepts. languages: English and French. 
Michel Banes, BR GM - Department 
"Environment", BP 6009,45060 ORLEANS 
CEDEX, FranCe. Tel:(33) 38 64 3414. 
Fax:(33) 38 64 3013. 
JUN 21-22, 1993 
Kalgoorlie, Western Australia. 
AUSTRALIAN CONFERENCE AND 
WORKSHOP ON GEOTECHNICAL 
INSTRUMENTATION AND MONITORING 
IN OPEN PIT AND UNDERGROUND 
MINING 
Topics: 01 mining excavations; 
Geotechnical into mine design; 
Prediction 01 rock mass failure; Interpretation 
of monitoring results; New solutions and 
eqUipment. Abstracts: Dec 15, 1992. 
Papers: April 1, 1993. 
Contact Dr Tad Szwedzicki, Department of 
Mining Engineering and Mine Surveying, 
Western Australian School 01 Mines, PO 
Box 597, Kalgoorlie, WA, 6430. Tel:(09O) 
805 172. Fax:(09O) 805 151; or 
Dr C.F. Swindells, Dept 01 Minerals and 
Energy, 100PlainSt, East Perth, WA,6004. 
Tel:(09) 222 3597. Fax: 2223633. 
JUN 21-24, 1993 
lisbon, 
EUROCK '93 - ISRM INTERNATIONAL 
SYMPOSIUM 
Themes: Modelling in safety evaluation; 
Inlluence of the environment in rock 
engineering; Stability 01 large underground 
structures; Contribution of failures and 
incidents to the progress of rock engineering. 
languages: English, French and German. 
Abstracts: Sep 30,1992. Papers; Feb 28, 
1993. 
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Luis Ribeiro e Sou sa, EUROCK '93, clo 
LNEC, Av.do Brasil, 101, P-1799 Lisbon 
Codex, Tel:(351) 1 8482131. 
Fax:(351) 1 
JUN 25, 1993 
Ul§i:>on, Portugal. 
INTERNATIONAL WORKSHOP- SCALE 
EFFECTS IN ROCK MASSES 
Themel§: Delormation and strength of rock 
masses; Internal stresses in rock masses; 
Hydraulic properties 01 rock masses. 

Abl§tracts: Sep 30, 
28,1993. 

Antonio Pinto da Cunha, Int Workshop on 
Scale Effects, clo LNEC, Av.do Brasil, 101, 
P-1799 Lisbon Codex, Portugal. Tel:(351) 1 
8482131. Fax:(351) 1 897660. 
JUN 26-JUL1, 1993 
St Johnl§, Newfoundland. 
4th CANADIAN MARINE 
GEOTECHNICAL CONFERENCE 
Topics: Foui"ldalionanalysis; Case histories; 
Ice-seabed interaction; Soil properties; 
Centrifuge applications; Instrumentation; 
Codes and standards; In-situ 
measurements; International projects; Site 
investigations; Environmental geotechnics; 
Monitoring. 
C-CORE, Memorial University 01 
Newloundland, St Johns, NF, A 1 B3X5. 
Tel:(709)7378354. Fax:(709)737 4706. 
JUN 28-JUL1, 1993 
Anchorage, Alaska. 
INTERNATIONAL CONFERENCE ON 
FROST IN GEOTECHNICAL 
ENGINEERING 
Topics: Theory pertaining to prediction 01 

Irozen layer; Application to design and 
construction; Case histories. 
Dr Arvind Phukan, Chairman Organising 
Committee, School 01 
University of Alaska Anchorage, 3211 
Providence Drive, AK 99508-
8096, USA. 

JULl993 
Bolton, England. 
EUROPEAN SYMPOSIUM 
ENVIRONMENTAL GEOTECHNOLOGY 
(ENGINE '93) 
Theme: Waste disposal by landlil!. 
Pro!. RW. Sarsby, BQlton 
Education, School of Civil 
Rd, Bolton, England. Tel: 
0204399074. 
JUL1993 
France. 
INTERNATIONAL SYMPOSIUM ON 
STORAGE AND CONFINEMENT OF 
TOXIC WASTE IN GEOLOGICAL MEDIA. 
Sponsored by IAEG. 

JUL12-Hi,1993 
Birmingham, UK. 
2nd INTERNATIONAL CONFERENCE ON 
MICROMECHANICS OF GRANULAR 
MEDIA - "POWDERS AND GRAINS 93". 
Topics: Particle assemblies; Particle 
interactions; Quasi-stalicdeformalion; Rapid 

flow; 
solids. 

Abl§tractl§: Sep 1, 1992. 
Dr Colin Thornton, Dept 01 Civil 
Aston University, Aston 
Birmingham B4 7ET, England. 21 
3593611 ext4364. 213333389. 
Aug 11-15, 1993 
Beljlng, China. 
INTERNATIONAL CONFERENCE ON 
GEOSCIENCE IN URBAN 
DEVELOPMENT (landplan IV) 
Themes: General review 01 geoscience in 
urban development; Instability in 
- natural disasters; Instability in large cities 

v,rn,nm",m change and induced 
""",h"'''::>,rrk Problems in reconstruction 01 

cities; Pollution and hazardous waste 
disposal in large cities; 
geological and geo-environmental 
investigation lor urban and 
construction; Chinese megacities; 
megacities. 
Prol. Sijing, Chairman LANDPLAN 
IV, Institute 01 Geology, Academia Sinica, 
PO Box 634, Beijing, China 100029. Tel:86 
1 2027766. Fax:86 1 491 9140. 
AUG 16-18, 1993 
Kingston, OntariO, Canada. 
3rd INTERNATIONAL SYMPOSIUM ON 
ROCKBURSTS AND SEISMICITV IN 
MINES. 
Topics: Mechanics 01 seismic events and 
rockbursts; Monitoring 01 seismicity and 
seismic networks; Rock mass 
characterisation in seismically active mines; 
Rockburst hazard mitigation and ground 
control; Induced seismicity. Abl§tracts:JUL 
1,1992. 
Dr R Paul Young, Dept 01 l.:>eOIO'QIC:a1 
Sciences, Queen's 
OntariO, 
Fax:613 545 6512. 
AUG 23-26, 1993 
Kingston, Ontario, Canada. 
INTERNATIONAL CONGR ESS ON MINE 
DESIGN. 
Theme: Mining into the 21st Century. 
Topics: Computer applications; Backfill 
technology; Microseismictechnology; Mine 
automation and material handling; Blasting 
technology; Open pit 
Underground support design; 
sequencing; Mine ventilation; Mine 
dewatering; Instrumentation technology. 
language: English and French. 
Dr Peter Bawden, International Congress 
on Mine Design, 
Queen's University, Ontario, 
CanadaK7L3N6. Tel:6135456553. Fax:613 
5456597. 

AUG 24-26, 1993 
Sydney, AUl§tralia. 
VIII AUSTRALIAN TUNNElLING 
CONFERENCE - "FINDING COMMON 
GROUND". 
Plenary Session Themel§: Recent 
advances in excavation 
Innovation in 
Management of 
Contractual 

plenary Topics: Contract mining for 
production operations; Major UG mine 
installations; Training people lor the 
industries; 

Major 
UG civil projects; The role 01 R & D in UG 
construction; Major capital works; UG 
occupational health and Electrical 
and mechanical Iit-outs; 
environmental impact. Abl§tracts: Jun 30, 
1992. Papers: Mar31, 1993. 
The VIII Australian Tunnelling Conlerence 
Secretariat, The Australian 
and PO Box 122, Parkville, 

3473166. Fax:(03) 

Terry Lanz, Conlerence Convener, 
9795144. Fax:(02) 979 5239. 
SEP 6-10,1993 
Krakow, Poland. 
4th INTERNATIONAL SYMPOSIUM ON 
THE RECLAMATION, TREATMENTAND 
UTILIZATION OF COAL MINING 
WASTES. 
Topics: Physical, chemical and geotechnical 

and fly ash; 
Depo!;iticln 01 waste materials; Ecological 
consequences; Use in civil engineering and 
hydraulic structures; Use as secondary 
materials; Reclamation of semi-derelict and 
derelict land; Frost susceptibility; 
Reclamation 01 spoil heaps. Paperl§: Jan 
1993 to: Dr A.K.M. Rainbow, Head 01 
Minestone Services, British Coal 
Corporation, Bedewell Park Suite, Victoria 
Rd, Hebburn, Tyne and Wear NE31 2HQ 

Fax(091)4890726. ReClllstl'aU()n 
Piotr Michalski, clo Prof. 

Dept 01 Soil Mechanics and 
Earth Structures, University 01 Agriculture, 
24 Micheiwicza, 30-059 Krakow, 

Fax:(12) 33 6245. 
Sep 13-11, 1993 
Newcastle upon Tyne, UK. 
INTERNATIONAL CONFERENCE ON 
ENGINEERED FILLS 
Topics: Construction on, in and with 

lills; Stabilisation and 
improvement of fills; Mechanical 
and physical properties 01 fills. 
Or B.G.Clarke, Department of Civil 

The University, Newcastle 
2226613. 
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SEP 20-24, 1993 
Athens, Greece. 
INTERNATIONAL SYMPOSIUM ON 
HARD SOilS-SOFT ROCKS. 
Topics: Geological feature; Mechanical 
properties and behaviour; Foundations, 
excavations and retaining structures; Slope 
stability and protection; Fills and 
embankments; Tunnelling and underground 
openings. English and French. 
Papers: By Nov 
Dr N. Kalteziotis, HS-SR Symposium, PO 
Box 20034 GR, 118 10 Athens, Greece. 
Tel:30 1 3475830. Fax:30 1 3467455. 
OCT 19-21, 1993 
Toulon, France. 
INTERNATIONAL CONFERENCE ON 
UNDERGROUND TRANSPORT 
INFRASTRUCTURES. 
Topics: Include site investigation for civil 
engineering projects. languages: English 
and French. 
Joumees D'Etudes Afles, clo EDF Bureau 
4/69, 22-30 avenue de F-75008 
Paris, France. Tel:331 Fax:31147 
64 7588. 
NOV 9-12,1993 
Tehran, Iran. 
2nd INTERNATIONAlSEMINAR ON SOil 
MECHANICS AND FOUNDATION 
ENGINEERING OF IRAN. 
Themes: Problematic soils -swelling soils-
collapsible soils -residual soils -dispersive 
soils -soils containing gypsum; Geotechnical 
design and construction -retaining structures 
-deep and shallow foundations -underground 
structures -soil improvement; In situ testing 
and measurements -penetration tests 
stress-strain measurements -loading tests-
soil behaviour monitoring. language: 
Persian and English. 
Organising Committee 01 2nd International 
Seminar on Soil Mechanics and Foundation 
Engineering of Iran, Plan and 
Organization (Technical Research and 
Standards Bureau), No 7 2nd Alley, Pakistan 
St. Dr Beshly Ave, Tehran (15316), Iran. 
Tel:0098021624630/629368. Tlx:212642. 
JAN 3,1994 
New Delhi, India. 
INTERNATIONAL SYMPOSIUM ON 
UNDERGROUND CONSTRUCTION IN 
SOFT GROUND. 
Topics: Earth and water pressure on braced 
walls and tunnel linings; Ground movements 
associated with underground construction. 
Abstracts: JUN 30. 1992. 
English. 
Prof. Keiichi FUjita, DeptofCivil Engineering, 
Science University of Tokyo, 2641 
Yamazaki, Noda, Chiba 278, Japan. Tel:81 
474241501. Fax:81 471239766. 
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JAN 5-10,1994 
New Delhi, India. 
XIII INTERNATIONAL CONFERENCE ON 
SOil MECHANICS AND FOUNDATION 
ENGINEERING. 
Topics for Plenary Sessions: Soil 

Foundations; Design and 
of and buried 

structures; Embankment and dam 
foundations; Natural hazard mitigation. 
Topics for Parallel SeSSions: Marine 
geotechnology; Computer application in 
geotechnical engineering; Construction 
instrumentation and real time management; 
Environmental geotechnology; Ground 

Foundations 01 old structures 
monuments; Geotechnical engineering 

education; Prolessional practices; Arid 
climate soils; Liquelaction; Geophysical 
methods; Roads and tracks. Enquiries re 
papers from Australia to AGS Secretariat, 
Canberra. 
Prof.Shashi K. Gulhati, Prolessor of Civil 
Engineering, Indian InstiMeofTechnology, 
Organising Secretary General 13thICSMFE, 
Post Bag No -28, Hauz Khas, New Delhi, 
110016, India. Tel:91116852540or653798. 
Fax:9111 6852541. 
JAN 27-28, 1994 
Reno, Nevada, USA. 
SYMPOSIUM ON DYNAMIC 
GEOTECHNICAl TESTING. 
Topics: Field and laboratory test methods; 
Centrifuge 
ASTM, 1916 Race St, Philadelphia, PA 
19103-1187, USA. 
JUN 16-18, 1994 
Texas A 8. M University, USA. 
ASCE SPECIAL TY CONFERENCE, 
SETTLEMENT 94. 
Topics: Vertical and horizontal deformations 
for foundations and embankments. 
Settlement 94, Geotechnical Engineering, 
Texas A & M University, College Station, 
Texas 77843-3136, USA. Tel:4098453735. 
Fax:409 845 6156. 
SE? 5-9, 1994 
Singapore. 
5th INTERNATIONAL CONFER ENCE ON 
GEOTEXTllES, GEO-M EM BRANES AND 
RELATED PRODUCTS. 
Mr R S Douglas. Secretariat, 510 Thompson 
Rd No 0022-03 SLF Singapore 
1129, Tel: 3535511 Fax: (65)3532424 

SEP 12-14,1994 
Sapporo, Japan. 
INTERNATIONAL SYMPOSIUM ON PRE-
FAilURE DEFORMATION OF 
GEOMATERIAlS-MEASUREMENT AND 
APPLICATION (IS-Hokkaido). 

and static 
conditions, but excluding purely 

Case study associated 
nAjinrrn",t;,.,n 01 ground and 

geostructures. Abstracts: Jul 31, 1993. 
language: English. 
SecretariatoflS-Hokkaido, Prof. Toshiyuki 
Mitachi, Department 01 Civil Engineering, 
Faculty of Engineering, Hokkiado University, 
North 13West8,Sapporo06OJapan. Tel:Oll 
716211 ext6192. Fax:0117262296. 
SE? 21-23, 1994 
Mamala, Romania 
Xth DANUBE-EUROPEAN 
CONFERENCE ON SOil MECHANICS 
AND FOUNDATION ENGINEERING FOR 
INFRASTRUCTURE. 
Theme: Soil mechanics and loundation 
engineering for infrastructure. 
Prof. I. Manoliu, C.P. 38-71, RO-723021, 
Bucharest, Romania. 
MAY 28-JUN 1, 1995 
Copenhagen, Denmark. 
1 Hh EUROPEAN CONFERENCE ON 
SOil MECHANICS AND FOONDATION 
ENGINEERING. 

engineering and engineering geology. 
Dr Jorgen Steenlelt, clo ICS International 
Conlerence Services, Strandvejen 171 , DH-
2900 Hellerup, Denmark. Tel: 45 31 61 
2195. Fax:45 31 2068. 
SE? 25-29,1995 
Nakase, Japan. 
8th INTERNA TlONAl CONGRESS ON 
ROCK MECHANICS 
Themes: Geology, site exploration and 
testing; Physical properties and modelling 
01 rock; Near surface excavations, stability 
of slopes and foundations; Excavation and 

of openings; Heat, 
water flow and chemical transport in rock 
masses; Information systems and artificial 

rock mechanics. Preliminary 
isirat;'''I1: NOV 30, 1992. 

Secretariat for 8th International Congress 
on Rock Mechanics, clo Conference and 
Event Department, Simul Internationallnc, 
Kowa Bldg No 9,1-8-10, Akasaka. Minato-
ku, Tokyo 107, Japan. 
JUN 17-21, 1996 
Trondheim, .,1<, ....... ". 
7th INTERNATIONAL SYMPOSIUM ON 
LANDSLIDES 
Norwegian Geotechnical Society, PO Box 
40, Taasen, N-0801, Oslo 8, Norway. 
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