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clay profile. The clay profile itself appears to be 'tIght' and of low overall permeability.

3.3 Geotechnical Units

On the basis of like geotechnical properties, slope angle and soil profile, the site has been divided into broad
geotechnical units as outlined in Table 1, and illustrated on drawing NO8fiO2/01-4.

TABLE 1 -GEOTECHNICAL UNm.
-

UNIT SOIL PROFlLE* SLOPE AN~3LE DRAINAGE

R1 Residual 00 .80 Generally well drained,
some moisture

concentration in the base
of ephemeral gullies.

R2

A3

Residual

Residual

Well drained.80 -140

>140 Well drained.

A Alluvial <50 Generally poorly drained.
Improved by man--made

drains.
* -As described in Section 3.2.

4. SLOPE STABILITY ASSESSMENT .

4.1 Basis of Assessment

The risk of slope instability has been assessed from the observed SitE! conditions in accordance with the
classification system formulated in Australian Geomechanics News, NI) 10, 1985 (See attached Table 2,
Classification of Risk of Slope Instability for explanation of risk cat~ories and implication for development).

The report provides an assessment of the risk of slope instability on the property. The report also
recommends some geotechnical constraints for the site development in light of the asseSsed risk of slope
instability. The onus is on the owner, potential owner, or interested party to decide whether the assessed level
of risk is acceptable taking into account the likely economic consequen~ts of the risk and the recommended
geotechnical constraints.

This report shoU,ld not be regarded as a site investigation report for the design of foundations, although
general recommendations regarding foundation types have been made.

4.2 Evidence of Slope Inatabllity

No evidence of overall slope instability was observed on the site at the tlm e of the field work.

4.3 Asseaed Risk 01 Slope Instability

Slope stability Is controlled by slope angle, material strength, subsoil profile and surface and subsurface water
concentration. On the basis of the above characteristics, the inforrTIation regarding geotechnical units
preserrted in Sections 3.1, 3.2 and Table 1, each of the geotechnical units has been assigned a level of risk of
slope instability as shown in Table 3.
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TABLE 3 -ASSESSED GEOTECHNICAL RISK OF SLOPE INSTABfUTY
..:'. -

GEOTECHNICAL UNIT I ASSESSED INSTABILITY RISK COMMENT
CLASSIFICATION

LowAi General constraints and
recommendations of this report

would apply.

LowA2 General constraints and
recommendations of this report

would apply.

Design residential developm~ to
.accommodate slope. ~inimise

disturbance to slopes.

Medium.As

Very low Design temporary and permanent
batters in ponds or other

improvements to accommodate
geotechnical conditions.

A

::.

";-

..

...'
" .

'."

4.4 Slope Stability Related Constraints on Development
Type of Stmcture: ' .

There are no particular geotechnical constraints on the type of structures on Unit R1 and Unit A terrain
provided they are founded on footings designed and constructed in a~cordance with AS2870, Residential

Slabs and Footings.

In Unit R2 and As areas, development should be designed to accommodelte the natural slope profile.

Flexible structures of timber, brick veneer or similar construction preferred on these areas. Split level and
suspended design is considered appropriate to limit slope modification.

Area for Development:

All of the site is considered feasible for development from a slope stabilit)r viewpoint.

Development should be undertaken in accordance with good hillsid a construction practice and sound
engineering principles as presented in Table 4 and Figure 1 attached.

FoundaUOn Type:
Strip I pad footings and raft slabs or pier and beam systems would be feasIble from a slope stability viewpoint,
although raft slabs are not suited to slopes steeper than 3H:1V, Oe Unit R,,) due to slope modifications

required.
Foundations should be designed and constructed in accordance with the recommendations and advk:e of

AS2870, Residential Slabs and Footings.

Many soils and weak rOcks In the Coffs Harbour area soften appreciably on exposure to air and water and care
should be taken to cast foundations onto undisturbed material. Concrete should be poured within twenty four

hours of excavation or else a blinding layer of concrete should be used.

excavation:
Excavations should preferably not exceed 1.5m in de~ and should be supported by properly designed and
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constructed retaining walls or else battered at 1V: 2H or flatter and prote::ted against erosion. Excavations in

weathered rock below the level of drill rig refusal may be battered at 1V:1 H.

Permanent or temporary excavations greater than 1.5m deep will require further detailed geotechnical
assessment once the location and extent of such excavations are known. "rhis assessment may involve:

.Borehole or test pits to below the depth of cut to assess material properties.

.Assessment of slope I retaining wall design parameters.

.Assessment of the need to provide temporary retention or special precautions during construction.

.Viewing of the excavation by a geotechnical engineer during but.: excavation.

Excavations should be dl65igned for surcharge loading from slopes, retaining walls, structures and other

improvements in the vicinit~ 01' the excavapon .-
." --

Exposed faces are likely to undergo rapid degradation or softening on exposure and batter protection or

exca~ation retention measures should be implemented ~ soon as possit,le after exposure. An investigation by
Coffey on ~e adjacent lot indicated wet fracture surfaces in test pits which indicate that rock fractures carry water
and could therefore result in seepage into excavations, particularly on the "'ootslopes of the larger hills. Adequate
provision for drainage from the face of the excavations must therefore' lie provided to avoid build-up of water'

pressures behind the face of excavation.
Drainage measures should be implemented above and behind all tem porary and pennanent excavations to
avoid concentrated water 110ws on the face of the cut or infiltration into the soil! rock profile behind the cut.

FIlling: .

The depth of unsupported, fill on Unit A2 and A3 areas should not exceed 1.5m and should be battered at 1 V:2H

or flatter and protected aglainst erosion. Fill batters greater than 1.5m hi!lh should be supported by an engineer
designed retaining wall. I:ngineered site regrade or road embankment fills are not required to comply with this

constraint if they are engineered for the specific conditions with appropria1e geotechnical input

Where fill is placed on slopes in excess of 1V:BH(7°), a prepared surface I Should be benched or stepped into the

natural slope.
Where site regrading is proposed, the following course of action shoUld be taken:

.Strip existing to~~oil, root affected material and deleterious matarlal to spoil.

.Proof roll the exposed subgrade to highlight any soft, cohes~'e or excessively spongy areas which

should be removed.
.Approved fill should be placed in layers not exceeding 300mrn loose thickness and compacted to a

minimum dry density ratio of 95% Standard (AS1289 5.1.1 or equivalent)

.Bench fill into the slopes profile if slopes are greater than 1V:8H (7°).
The expertise of the contractor, the nature of 1t1e fill material and the degree of supervision of the filling will
determine the footing design required for any structures placed on the 'RII constructed In the manner discussed

above.

conditions.
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ACCISI/Slte Clearance:

Access and site modiflcatlons should comply with the recommendations atlOve.

Drainage and Sewage DIsposal:

All collected stormwater run-off should be piped into an intera/lotment drai~ age system or existing watercourse in
a controlled manner that limits erosion.

Septic wastes should be connected to the reticulated disposal system.

Where fill is placed across an existing watercourse, a culvert of adequllte size to accommodate flood flows
should be installed. Subsoil drains should also be provided along the base of all gullies where fill is to be placed.
The subsoil drains should discharge well beyond the fill in a controlled man nero that prevents erosion.

5. EROSION

Soil erosion during and after construction on the site will require carel'ul management, however, levels of
erosion should be able to be maintained within normally acceptable levels by adopting good soil erosion and
sedimentation contr~1 practices, Incluaing:

.Plan for soil and Vi'ater management concurrently with engineE!ring design and In advance of any
earthworks.

.Minimise the area and duration of soil exposure by staged development or controlled clearing.

.Stockpile stripped topsoil for re-use and protect from erosion.

.Control stormwater runoff by diverting stormwater from denudecl areas, minimising slope gradients,
lengths and runoff vlalocltles.

.Trap soil and water pollutants using silt traps, sediment basirul, perimeter banks, silt fences and
nutrient traps as appropriate.

.Quick rehabilitation of denuded areas.

.Promote regeneration of native vegetation in gullies and on steep slopes (>10' previously cleared for

grazing.

6. ACID SULFATE SOIU~ (ASS)

8. 1 Background Infalrmatlon

Acid Sulfate Soils (ASS) are soils which contain significant concentra1lors of pyrite which, when exposed to
oxygen, in the presence of sufficient moisture, Oxldises, resulting ill the generation of suifuric acid.
Unoxidlsed pyritic soils are referred to as Datential ASS. When the soils are exposed, the oxidation of pyrite
occurs and sulphurlc acids are generated, the soils are said to be ~ ASS.

pyritic sol/atypically form in waterlogged, saline sedIments rich in Iron and sulfate. Typical environments for
the formation of these soils include tidal flats, salt marshes and mangrove swamps below about RL 5m AHD.
They can also form a8 bottom sediments In coastal rivers and creeks.

PyrItIc soils of concern on !ow lying NSW and coastBJ lands have m~' formed in the Holocene period (ie
10,000 years ago to present day) predominantly In the 7,000 years sir ce the last rise in sea level. It is
generally considered that pyritic soils which formed prior to the Holocene ~)8riod (Ie> 10,000 years ago) would
already have oxidlsed and leached during periods of low sea level which occurred during ice ages, exposing
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DDM:DDM

AstoriaDeveiopmentsPtyltrl
Level 1. Suite 1
55 Gra1dview Street
PYMBLE NSW 2073

Attention: GeoffSmith

Dear Sir

RE: PROPOSED SUBDIVISION -NORTH BOAMBEE ROAD,NORTH BOAMBEE

ACID SULFATE SOIL ASSESSMENT

Please find enclosed our report on the Acid Sulfate SoIl AsseSSrl)3nt (ASS) of the development
proposed for the North Boambee site. The report addresses ASS issues related to the proposed
excavation of soil for wnstruction of ponds associated with the develop'nent

..
Testing of the soils in the proposed pond excavation areas revealed results that ~Id not be
wnsidered indicative of potential or actual Acid Sulfate Soils on the mtSis of ASSMAC Action Criteria
for clay soils. Some results do, however, exceed more stringent critena for sites on which more than
1,000 tonnes of soil is to be excavated. It is therefo~ recommended that some precautionary liming
and monitoring of ex(:avated soils be undertaken during construction. A management plan and work
method can be prepal"ed once construction sequences are knoWn.

If you have any questions please contact the undersigned at any stEge of the development should
.further assistance be required.

For and on behalf of

COFFEY GEOSCIENCES PTY LTD

~~J1~::;a::s;:-
STEVEN MORTON

DIstrIbution: Original Coffey Geosciences Pty Ltd (File)

1 Cclpy Coffey Geoscienres Pty Ltd (UbJay)

3 Copies Astoria Developments Pty Ltd

13~ADBd~
t8' 2304 ~

T~~ 248676377
FII:8IIda -t61 2 4967 5402

EIt.s ~.cOII.au
..

Coffey ~::-:-~~ -~ Ptr Ltd .ACN 65516
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1. INTRODUCTION

This report describes the findings of a acid sulfate soil assessrneri undertaken by Coffey Geosciences Pty Ltd
(Coffey) on the site of a proposed residentiaf development located at Boambee, near Coffs HarboUr, New
South Wales. The work was commissioned by Geoff Smith Of Astoriar:levetopments Pty L1d in a letter daEd
10 February 2003.

The site is located on the northern side of North Boambee Road, abc)Ut 1 krn south'IVest of the developed
perimeter of Coffs Harbour (See Drawing No N08183/02-1). nle proposed development involves
approximately 260 residential lots and a retirement viHage. Devek>pment will include construdion of eight
artificial lakes in the Iow-lying central part of the site.

The purpose of the ~rk conducted by Coffey was to assist with the DEwIopment Applmion submission to
Gaffs Harbour City Council by providng a reJX)rt that addresses acid Sl...lfate soil issues that might affect the
development. particularly in relation to the excavation of pro~ed ponds aI1d stormwater retentiOfl basins in
the lower lying part of the site. This report is a supplemen'taIY repc:1rt to~ NO8183/01-AD , which was a
geotechnical and capability assessment of the overall site. For a detailed discussion on the following issues,
reference should be made to thew above mentioned report.

.Sk>pe stability.

.Acid Sulfate Soils (ASS) (in different locations to the current asse:lSment).

.Erosion,

.Foundation Conditions.

.Drainage and water table depth. .

.Soil contamination due to past activities.

.Road construction and pavement subgrade conditions.

Coffey was provided with a plan of the kJcaIion of the proposed ponds. This plan forms the basis of Drawing
No N08183/02-1.

2. FIELD WORK

It is undermod the proposed ponds will be excavated to depths of abOLlt 2m to 2.5m. The aim of the ~
was to sample and test soils over ttle proposed depth of excavatk:>n, and ill the soils Irnme<iately bebw.

Field work was conducted on 24 February 2003, and consisted of the drifting of 1600reholes to a minimum
depth of 3m. The descriptions of ttle subsurface soits are shown on the citached Engineering L~. Three
distwbed samples ~ coI1ected from each borehole at regulm- intervals J)f subseq~nt laboratory testing.

A 4WD rmunted drill rig was used to drilled the boi8holes. The bonlhoes were drifted in the fuR time
presence of an Engneer from Coffey Geosciences Pty Ltd (Coffey), -M'IO k>cated the boreholes, took the
saTlple and produced engineering logs.

Engineering logs of the bore holes are presented 11 Appendix A, togeti}l~ with explanation sheets defining
tefTnS and symbols used in their preparation. Bore hole locations, \foA1ich ~rere measured from features shown
on the contour plans provided. are shown on Drawing No N08183/02-1.
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3. SITE CONDITIONS

For a detailed discussion on the geotechnical conditions reference should be made to Coffey report No
N08183/01-AD

3.1 Surface Conditions

As sho'Ml on Drav.;ng No N08183/01-1, the site is located on the northern side of North Boambee Road,
about 1 kin southwest of the existing developed extent of Gaffs Harbour The site is accessed by a track that
runs off North Boambee Road, about SOOm west of the Pacific Highway.

Topographically it is situated within the aluvial floodplain of a tributaJy 11) Newports Creek, and the foothills of
sun-ounding moderately to steeply undulating hils. The most signific::lnt hills on site are the footsJopes of
Roberts Hill in the northeast comer of the site, and an. elongated hifl that defines the western end of the
southern boundaty. Surface relief ranges from approximately RL ~: m AHD in the southeast comer to
approximately RL 6Om AHD in the northeastern comer. -

Slopes are generaHy even and convex. The majority of slopes range frI)m 50 to 00, grading onto the alluvial
plain. In the northeastern corner of the site, slopes steepen to 100 to 20".

The majority of the site is occupied by the alluvial flats which appear tt represent an abandoned flood plain
fomJed during a periOO of higher sea level than the present This al"8a contains a drainage course that
appears to have been excavated in the past to improve site drainage. ,\ series of man made surface drains
have been excavated cross the flats, as tributaries to the main drainage channel, to improve drainage of this
Iow-lying area. The drains oontained water and shallow reed and gra,~;s vegetation at the time of the fieJd
work. The water did not oontain evidence of organic, iron rich 8e(liment or other features commonly

.assodated with the presence of acid sulfate soils. .

The flats and the majority of the surrounding hUIs have been cleared for ,~ttIe grazing and were vegetated by
thick, k>ng grasses wi1h some scattered trees. .

Existing development at the time of the field work COflsisted of a small fibro cottage and associated sheds in
the northern part of the site. These buildings \Wre in a dilapidated state JH the time of the field ~rk, and only
accessible by a 4WD track.

No evidence of soil erosion was observed, probably due to the thick and veil established vegetation.

3.2 Subsurface Conditions

The Dorrigo-Coffs Harbour 1 :250,000 geology map indicates the eleval:ed areas of the site to be situated
v.;thin the Carboniferous Aged Brookiana Formation, consisting predomillantly of siliceous argillite and slate,
with minor sinceous grerNacke. The Iow-lying flats are indicated c;s containing Quaternary Alluvium,
consisting of sand, gravel and clay.

The boreholes driled during the current investigation were all in the Iav.er lying regkm of the site. Typical
profiles are sumrnarised below;
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.TOPSOiL- Typically Sitty ClAY, also SiIy SaJ'idy ClAY, of medium to high plasticity,
dark grey-brown, with grass lOOts ttlroughout.

.ALLUVIUM -Interbedded and interlensed SUty C:LAY; and Sandy ClAY, grey. light grey.
and yeilow-brown mottled, ~ Ien:ses and pockets of Clayey SAND, and
a/Juvial silt. The alluvial ~ ger)ei'aly became stiffer with depth, ranging
from finn in the upper metre,tOOugtl stiff, to very stiff with depth.

.RESIDUAL -Previous test pits located towaIds the edges of the aIJuviaf flats
encountered residual day, very stiff, low to medium plasticity, undefi').ing
the aUuvium.

Groundwater inflows were observed in some parts. generally consisting of ~Iised seepage along fISSures,
or through sandy Jenses, or through root paths. Seepage also occurrec:1 through some topsoil layers overlying
the low permeability clay profile. The clay profiJe itself appears k> be 'tii;lht' and of low overnll pefmeability.

.~"':.

4. ACID SULFATE SOtLS (ASS) -

4.1 Background Information

Acid'Sulfate Soils (ASS) are soils which contain significant COIicentrations of pyrite which, when exposed to
oxygen, in the presence of sufficient moisture, oxidises, resulting in the generation of sulfuric acid.
Unoxidised pyritic soils are referred to as ootential ASS. When the soils are exposed, the oxidation of pyrite
OCCUffi and sulpf1uric acids are generated, the soils are said to be.§9y§.! ASS.

Pyritic soils typically form in waterlogged, saline sediments rich in iron and sulfate. Typical environments for
the formation of these soils include tidal flats, salt marshes and mangrove swamps below about RL 5m AHD.
They can also form as bottom sediments;n coastal riveffi and creeks.

PyrifK: soils of concern on low Iy!ng NSW and coastal lands have mo~tIy formed in the Holocene period (Ie
10,000 years ago to present day) predominantly in the 7,000 yeaffi :!rince the last ~ in sea level. It is
generaiy considered that p~ soils \6Jt1ich formed prior to the Holocent~ period Qe >10,000 yeaffi ago) \Wuld
already nave oxidised and leached during periods of low sea level whk:h occurred during ice ages, exposing
pyritic coastal sedrnents to oxygen.

4.2 Significance of ASS

Disturbance or poorly managed development and use of acid sulfate soils can generate signifK:ant arnolI1ts of
sulfuric acid, which can ~ soil and water pH to extreme levels (generally <4) and produce acid salts,
resulting in high salinity.

The kJw pH, high salinity soils can reduce or altogether preclude 'regetation gro¥l1h and can produce
aggressive sol coooitions 'I.41ich may be detrimental to conaete and steel components of structures,
foundatk>ns, pipelines and other engineering V«>J1<s.

Generation of the acid condiOOns often releases aluminium, iron and otI1er naturally occurring elements from
the otherwise stable soil matri~. High concentrations of some sud1 eJements, coupled Vfith low pH and
aIt~ to salinity can be detrimental to aquatic life. In severn cas8!!, affected wateffi flowing off-sitB into
aquatic eoosystems can have detrimental effect on aquatic ecosystems.

.

-..'.'.~:

'...'
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4.3 ASS RIsk Map

Reference to the Gaffs Harbour 1 :25,000 Add Sulfate Soil risk map plJblished by NSW Department of Land
and Water ConselVation indicates pa1 of the low lying alluvial flats JIl the site as containing Pleistocene
deposl1s. \\ith a k>w probabliity of acid slifate soil occurrence, possibly occurring at depths of 1m to 3m below
the current ground surface level.

4.4 ASS SamplIng .,d Laboratory Testing

Samples were obtained at varying depths in all borehole locations. ThE:! samples were tightly sealed in plastic
bags and placed on k:e in esj(y containers wI1ile on site and during traTlsport to our Ne\A£astle laboratory. On
return to the IaboraiJry, the ~ ~re screened for the preser'cs of actual or potential ASS using
laboratory methods 21Af and 21Bf of the ASSMAC laboratory guideUne!1 (Ref 1). The results are presented in
Appendix B. The following points are noted with regard to the screenin~1 test results:

.The pH of samples in a distiUed water slurry ranged from 4.85 to 7.13. pH values of less than 4 are
oonsidered indicative of actual ASS.

.The pH of samples in 30% hydrogen peroxide ranged from 3.21 to 5.63. pH values of less than 3 in
the test are generally considered indiGative of potential ASS.

'. Reaction temperatures ranged from 2O.3°C to 25.7°C. Typi.::afly, oxidation of pyrite in hydrogen
peroxide within a soU containing significant acid sulf~ potentli:il will produce tem~ratures in excess

of 70°C.

Based on the results of, the screening tests, the soils sampled and screened were not considered to be
potential or actual ASS.

To confirm the above assessment, some samples v.ere selected fi:lr more detailed Peroxide Oxidation, .
Combined Acidity and Sulphur (POCAS) analysis. Samples were selec::ted from each of the proposed ~s
typically at depths approaching the base of the excavation. Tt' e testing was undertaken by ALS
Environmental, a NATA registered specialist chemical laboratory. The 'lest results are presented in Appendix
B, and compared to ASSMAC (Ref 1) Action Criteria in Table 1.

j
~

~.

~

1
i
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TABLE 1- RESULTS OF POCAS TESTING ON SELEI:TED SOIl SAMPlES

TPA TSAs (pas) TAA Required
Umlng

Rates(kg
rime I tonne

soil)

OxidJsabfe
slodfur (8

(%»
Sample
Depttl

Sample
location (mol/tonne) (lrtol/tonne) (moUtonne)(%)

.:.--
<0.02

<0.02

<0.02

<0.02

19

<2

8 0.0311

<2

1.4

BH1

BH3

2.8-3.0

<2

2.8-3.0

33 43 10 0.07 3.22.8-3.02.8-3.0

BH4BH6

8 <28

50 17 0.08 3.7<0.02 33

BH7

2' 0.065 3.039 41<0.02BH10

4 0.056 2.631 35

28

20

<0.02

BH9

.

..

.
.
...
.
.
.
.
.
.
.
..
.
.
..

<2 0.045 2.128<0.02

<0.02'

<0.02

<0.02

<0.02

BH12

0.03 1.42

11

10

2

18

41

BH13

BH14

BH15

BH16

0.083 3.152.8-2.0

0.07 3.233 43

2.8-3.0

0.05 2.328 ,
.
.

30.8-2.0

6262 620.1Action Criteria 1. :-;

18 180.03 18Action Criteria 2.

NOTES:

Action 

criteria 1 is for fine textured soil defined by ASS MAC (Ref 1.)

Action 

Criteria 2 Applies for situation with more than 1000 tonnes of soil to be disturbed

S 

(pos) = Percentage of Oxidisable Sulfur

TAA = Total Ad.ual Acidity

TPA = Total Potential ACidity

TSA = Total Sulfidic Acidity

Adion Criteria: Based on ASSMAC Assessment Guidefines AugI.lst 1998
,~,-::-Uming 

rates shown include a factor of safety of 1.5 for incompletl! mixing

4.5 ASS Management
Based on the resutts shown in Table 5, the soils would no1 be considered actual or potential ASS under
ASSMAC guideUnes for clay soils. However the ~tential acidity e:<ceeds the more conservative Action
Criteria (Ref. 1) for projects in whictl >1000 tonnes of soil wMl be disturlJed. It Is therefore recommended that
some lining of spoU generated from the excavation of these lakes be Uildertaken as a precaution against acid
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generation. Ws understand the excavated spoii will be used as fi!I ~in the development. A ~
method of liming that has been used successfully in the past by Coffey to IX'eYent acid generation in
excavated SOIls being used as fill is to lime tf1e materia! upon spreading and prior to compaction. As stated In
Table 1, liming Iates for different areas of the site vary from 1.3 kg lime I tonne $Ofl to 3.8 kg lime I tonne soil.
An average iming rate of 2.7 kg ffme I tonne soil is expected to be su:'fk:ient 10 prevent acid generation and
runoff in the excavated soil. ~ it is recommended that pH testing be undertaken in conjunction 'Mth the
riming of the soil to ensure that the liming is successfully buffering thl:1 add generating capacity of tf1e soU.
Samples wiD need to be sublntted for more detaAed laboratory analysis to confirm the resWts. UmIng rates
wiU need to be increaSed if values less than pH 4 occur in soil that has already been treated.

In general soil needing to be neutralised should be spread in layers not more than 3OOrnm thick. Ume should
then be spread over each layer immediatejy after placement and be thc:lroughly mixed through the soil during
the compaction process. A detailed work method and managemenl: can "be prepared once rontractor's
construction sequences are known.

For and on behalf of

COFFEY GEOSCIENCES PTY LTC

c},-~<$..
STEVEN MORTON

REFERENCES

1. ASSMAC, Acid Sulfate Soil Manual, August 1998.


