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5.2.6 Soil pH 

Soil pH can be used as an indicator of the chemical processes that occur in a soil (that is, indicate 
certain nutrient deficiencies and toxic effects) (Hazelton and Murphy 2007), which may have 
implications for soil management and rehabilitation measures. Table 5.11 presents pH classification 
ratings used to assess results, while a summary of all results is presented in Table 2, Appendix B. 

Table 5.11  pH classification (Hazelton and Murphy 2007) 

pH Rating 

> 9.0 Very strongly alkaline 

9.0 – 8.5 Strongly alkaline 

8.4 – 7.9 Moderately alkaline 

7.8 – 7.4 Mildly alkaline 

7.3 – 6.6 Neutral 

6.5 – 6.1 Slightly acid 

6.0 – 5.6 Moderately acid 

5.5 – 5.1 Strongly acid 

5.0 – 4.5 Very strongly acid 

For samples collected within the study area, pH ranged from 5.5 (OB03/0.9-1.0 and OB07/0.9-1.0) to 
8.2 (OB27/0.0-0.1). This indicates that soils are very strongly acid to moderately alkaline. The central 
tendency of pH data ranged from 6.6 to 7.3 (neutral) and indicates that most soil pH was within the 
range considered acceptable to plant growth (5 to 7).  

Only soil samples OB03/0.0-0.1, OB03/0.9-1.0 and OB07/0.9-1.0 were rated as strongly acidic. Of 
these samples, only OB07/0.9-1.0 has a high concentration of aluminium (Al) [400meq/100g] which 
correlates with strongly acidic pH.  

This data does not indicate significant constraints. However, if disturbed (that is, during excavation or 
filling), soils classified as strongly acid and very strongly alkaline should be kept separate from other 
soils and may require pH amelioration to render them conducive for further use (refer Section 7.3). 
Note that acid sulfate soils are unlikely to be present in the gas fields study area.  

5.2.7 Salinity 

Salinity is the presence of soluble salts in or on soils [mainly Na, but also K, Ca, Mg, sulfate (SO4) and 
chloride (Cl)]. High salinity levels in soils may result in reduced plant productivity including the 
elimination of native vegetation and may increase erosion (Hazelton and Murphy 2007). Table 5.12 
presents salinity ratings for soil used to classify results once laboratory EC (1:5) values were 
converted to ECe which is the electrical conductivity of extract obtained from a saturated soil paste 
which is the standard soil salinity measure used to assess plant salt tolerance. A summary of all 
results is presented in Table 2. 
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Table 5.12  Salinity ratings for soil based on ECe (Hazelton and Murphy 2007) 

Rating Electrical conductivity (ECe) (�S/cm) 

Non-saline <2,000 

Slightly saline 2,000-4,000 

Moderately saline 4,000-8,000 

Highly saline 8,000-16,000 

Extremely saline >16,000 

Salinity reported for samples collected within the study area ranged from <10 �S/cm (OB49/0.01-0.1 
and OB55/0.0-0.1) [non-saline] to 30,900 �S/cm (OB27/0.4-0.5) [extremely saline] with the central 
tendency of salinity ranging from non-saline to moderately saline. Highly saline concentrations were 
reported for only eight samples (OB03/0.9-1.0, OB07/0.9-1.0, OB11/0.7-0.85, OB17/0.6-0.7, 
OB24/0.8-0.9, OB26/0.0-0.1, OB26/0.9-1.0 and OB46/0.9-1.0) while a single extremely saline 
concentration was reported for OB27/0.4-0.5.  

With the exception of OB07/0.9-1.0, high to extremely high saline results were associated with high 
concentrations of sulfate (S), which ranged <1 meq/100g to 23,647 meq/100g in these samples, the 
majority of which were clay textured soils. Samples which reported moderate salinity had higher 
concentrations of Ca, Mg, K and Na. Sand textured soils (which still contain a clay fraction) [that is, 
OB42] which were generally non-saline to slightly saline, also had high sulfate concentrations. This 
may be attributable to the clay fraction which would retain the majority of salts within these profiles.  

Although moderate to high salinity was reported within subsoil samples, accumulation of salts is an 
important issue whether at or near the surface. A likely cause of this accumulation of salts is lack of 
leaching due to low rainfall, or elevated salinity in fluctuating near surface groundwater. The field 
investigation did not identify any significant areas of salinisation or extensive scalding. However, due 
to the elevated salinity levels in many subsoils (notably the 2b, 2c and 5b soil groups), careful 
management will be required, particularly for rehabilitation purposes (refer Section 7.3).  

5.2.8 Fertil ity 

Soil fertility is a function of: 

a) The soil’s capacity to attract and release exchangeable ions, which is influenced by the amount 
and type of organic matter and clay 

b) The presence of nutrients which are available for plant growth, or can be available in the future. 

In this assessment, Cation Exchange Capacity (CEC), exchangeable ions, Total Kjeldahl Nitrogen 
(TKN) and phosphorus (P) were measured as indicators of soil fertility. 

Cation Exchange Capacity (CEC) 

CEC is a measure of a soil to hold and exchange cations (Hazelton and Murphy 2007). A soil which 
has a high CEC has the ability to buffer the effects of changes in pH, available nutrients and structure. 
High CEC can also indicate a soil’s fertility. Table 5.13 and Table 5.14 present the classification of 
CEC and exchangeable cations which are used to assess soils within the study area, while Table 5.15 
presents the fertility results. A summary of all results is presented in Table 2, Appendix B. 
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Table 5.13  CEC ratings (Hazelton and Murphy 2007) 

CEC (meq/100g) Rating 

< 6 (soils low in fertility) Very low 

6 – 12 Low 

12 – 25 Moderate 

25 – 40 High 

> 40 Very high 

Table 5.14  Exchangeable cations classification (Hazelton and Murphy 2007) 

Cations Very low Low Moderate High Very high 

Units (meq/100g) 

Na 0 – 0.1 0.1 – 0.3 0.3 – 0.7 0.7 – 2.0 > 2 

K 0 – 0.2 0.2 – 0.3 0.3 – 0.7 0.7 – 2.0 > 2 

Ca 0 – 2 2 – 5 5 -10 10 – 20 > 20 

Mg 0 – 0.3 0.3 – 1.0 1 - 3 3 – 8 > 8 

Ranges of exchangeable ions reported for samples collected within the study area are presented in 
Table 5.15: 

Table 5.15  Exchangeable ions ranges 

Analyte 
(meq/100g) 

CEC Na K Ca Mg S Fe Al 

Value 1.8 – 
189.7 

0.4 – 
11.7 

0.1 – 1.9 0.1 - 160 0.3 – 
20.6 

<1 – 
23,647 

<1 – 18 <1 - 519 

Rating Very low 
to very 
high 

Moderat
e to very 
high 

Very low 
to high 

Very low 
to very 
high 

Very low 
to very 
high 

- - - 

Central 
tendency of 
data 

Low to 
high 

High to 
very high 

Low to 
moderat
e 

Very low 
to high 

High - - - 

CEC concentrations from low to high indicate variable fertility within study area soils. Notably, 
however, lower concentrations were reported for sandy and loamy textured soils (Chromosols, 
Kandosols and Rudosols), while higher concentrations were reported from clay textured soils, 
predominately Vertosols. These results indicate that sandy and loamy textured soils are less fertile 
than clayey textured soils. The application of soil additives for fertility, pH or structure amelioration will 
most likely be required in the sandy texture contrast soils (soil groups 2a – 2d). 

Exchangeable cations 

Sodium (Na) concentrations were rated as high to very high within study area soils. These values 
reflect the data reported for ESP and SAR (refer: Section 5.2.3).  
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Potassium (K) concentrations were rated as low to moderate within study area soils.  

Calcium (Ca) concentrations were from very low to high within study area soils. Ca concentrations 
usually decline with depth in the profile. This was the case in most soils. However, in some cases Ca 
concentrations increased. Where increases in Ca concentrations were reported, calcite (denoted by K 
within field data: Table 1, Appendix B) was usually noted at depth within the profile (that is, at OB03, 
OB17 and OB37.  

Magnesium (Mg) concentrations were rated as high within study area soils and were generally higher 
in concentration within subsoils. This is expected as Mg concentrations usually increase with depth in 
the profile. This data correlates well with pH data which indicates exchangeable Mg should be high as 
it generally becomes available to plants at pH levels greater than 5. 

Exchangeable anions 

Exchangeable iron (Fe) concentrations ranged from <1 mg/kg to 18 mg/kg, while the central tendency 
of data ranged from 3 meq/100g to 9 meq/100g, which is considered low. Soils are generally 
negatively charged. Therefore, low concentrations of anions (such as Fe) are expected.  

Exchangeable aluminium (Al) concentrations ranged from <1 mg/kg to 519 mg/kg, while the central 
tendency of data ranged from 3 mg/kg to 69.75 mg/kg. High concentrations of Al were reported at 
OB05, OB07, OB29 and OB34. Although laboratory pHs reported for these soils were generally 
neutral, all had strongly acidic field pH. This is expected as Al generally increases with lower pH. 
Furthermore, anions concentrations (such as Al) generally increase within weathered or sandy 
textured soils where cation concentrations are lower.  

Both exchangeable cation and anion results are indicative of the soil sampled. 

Nutrients 

Table 5.16 presents Total Kjeldahl Nitrogen (TKN) and P ratings which are used to assess nutrient 
levels, while a summary of all results is presented in Table 2, Appendix B.  

Table 5.16  Soil nutrient level ratings 

Analyte Very low Low Moderate High Very high 

Nitrogen (total) 
(N) (% weight) 

0.05 0.05 – 0.15 0.15 – 0.25 0.25 – 0.5 > 0.5 

Phosphorus (P) 
(mg/kg) 

5 5 – 10 10 – 17 17 – 25 > 25 

Only topsoil samples were analysed for nutrients TKN and P. These concentrations were as follows: 

� Concentrations of TKN ranged from <0.1% (OB55/0.0-0.1) [very low] to 0.11% (OB23/0.0-0.1) 
[low], while the central tendency of data was also very low to low (0.03% to 0.055%). These 
concentrations were reported for both coarse and fine textured soils. As a significant portion of 
total soil N is stored within organic matter, it may be used as an indicator for organic matter in 
soil. These results indicate there is only minor organic matter in study area topsoils.  

� Concentrations of P ranged from <1mg/kg (OB42/0.0-0.1) [very low] to 37mg/kg (OB23/0.0-0.1) 
[very high], while the central tendency of data ranged from 2mg/kg (very low) to 7.5mg/kg (low). 
These results indicate study area topsoils (both coarse and fine textured) are deficient in P and 
therefore may require the addition of P fertiliser to support plant growth during revegetation.  
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These results indicate topsoils sampled within the study area ranged in fertility from very low to low. 

5.2.9 Bulldust 

Bulldust formation is common in arid areas and is more likely to occur in soils with high silt and fine 
sand content as well as those with high calcium carbonate content.  Bulldust will generate wind blown 
dust and cause dry bogging of vehicles and equipment.  Once a soil turns into bulldust it is very 
difficult to manage. Following generation of bulldust, final rehabilitation and revegetation may be 
difficult because the soil structure has been destroyed. 

Significant levels of bulldust were not observed within the study area.  However, this does not 
preclude its development.  Loamy soils, particularly soils located within soil groups 1, 2 and 3 are 
prone to generate bulldust if vegetation is cleared and topsoil heavily trafficked through project 
development.  Soils located at OB11, OB13, OB14, OB17, OB23, OB26 and OB27 (which ranged in 
texture from sandy loams to clayey loams) contained appreciable concentrations of Ca which may 
exacerbate bulldust generation.  

As most surface layers of soil within the study area have generally loamy textures, bulldust generation 
is expected to be widespread if appropriate dust mitigation is not implemented throughout project 
construction and operation (refer Section 7.3.7).  

5.3 Agricultural land capability 

Land systems mapping produced by those reports described in Section 5.1.1, have been used as the 
basis for determining what areas are considered to be GQAL as per State Planning Policy 1/92 (refer 
Section 1.1.5).  This DERM mapping is presented as Figure 5.3. Table 5.1 presents the GQAL 
classification for each of the land systems within the study area. 

Agricultural land has been classified into four groups as described in Table 5.17.  

Table 5.17  Agricultural land classes (source: DHLGP 1993) 

Class Description 

A Crop land 

Land that is suitable for current and potential crops with limitations to production which range from 
none to moderate levels. There are two sub-classes of crop land: 

A1 – Crop land suitable for rainfed cropping 

A2 – Crop land suitable for horticulture 

All crop land is considered to be GQAL. 

B Limited crop land 

Land that is marginal for current and potential crops due to severe limitations; and suitable for 
pastures. Engineering and/or agronomic improvements may be required before the land is 
considered suitable for cropping.  

Land marginal for particular crops of local significance is considered to be GQAL. 

C Pasture land 

Land that is suitable only for improved or native pastures due to limitations which preclude 
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Class Description 

continuous cultivation for crop production; but some areas may tolerate a short period of ground 
disturbance for pasture establishment. 

In areas where pastoral industries are the major primary industry, land suitable for improved or high 
quality native pastures may be considered to be GQAL. There are three sub-classes of pasture land: 

C1 – Land suitable for sown pastures with moderate limitations 

C2 – Land suitable for sown pastures with severe limitations 

C3 – Land suitable for light grazing for native pastures in inaccessible areas 

C1 may be considered to be GQAL (depending on the respective local authority planning provisions). 

D Non-agricultural land 

Land not suitable for agricultural uses due to extreme limitations. This may be undisturbed land with 
significant habitat, conservation and/or catchment values or land that may be unsuitable because of 
very steep slopes, shallow soils, rock outcrop or poor drainage. These limitations preclude any 
interference with land or biological resources for the production of agricultural goods. 
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Based on this mapping, the percentages of GQAL within the study area have been calculated and 
provided in Table 5.18.  

Table 5.18  Project area GQAL 

Class Total area of GQAL  
within Project area 

(ha) 

Percent GQAL 
within Project 

area (%) 

Total area of GQAL 
within study area (ha) 

[incl Project area] 

Percent GQAL 
within study area 
(%) [incl Project 

Area] 

A 111,846 19.6 263,169 18 

B 148,727 26.0 395,722 27 

C1 70,614 12.3 195,423 13 

C2 188,756 33.0 517,653 35 

C3 - - 9,427 1 

D 52,045 9.1 86,521 6 

TOTAL 571,989 100 1,467,916 100 

The location of GQAL is required to understand the existing status of the land resource likely to be 
affected by the project and provide a standard of which rehabilitation should return the land. GQAL is 
considered to be comprised of classes A, B and, depending on the planning intent of the respective 
local authority, Class C1.  For the purposes of this study, Class C1 has been considered to be GQAL. 
When combined, the total GQAL within the Project Area is 58%.  

Based on mapping, GQAL class A occurs within all tenements with the exception of Woleebee, 
Dalwogan, and Kainama. Notably, the highest percentage of GQAL class A occurs within the Carinya 
tenement. GQAL class B also occurs throughout the entire Project Area, with the highest portion 
occurring within the Combabula tenement. GQAL class C1 occurs throughout most of the Project 
Area.  

GQAL class C2 and below is not considered to be GQAL and comprises 33% of the Project Area.  The 
highest portion of non-GQAL occurs within Gilbert Gully, the majority of which is comprised of State 
Forest land.  

GQAL mapping correlates well with soil group mapping.  Generally speaking, areas mapped as soil 
groups 4 and 5 (i.e. the deep, dark cracking and non-cracking clay soils) are commonly also mapped 
as GQAL class A or B.  Soil groups 1, 2, and 3 are generally mapped as GQAL class C2 or D and, to 
a lesser extent, Class C1. 
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6. Potential Impacts 

The Australia Pacific LNG gas field’s development will involve the construction and operation of a 
number of facilities including gas wells, gas processing plants, water transfer stations, waste treatment 
facilities and brine and water storage ponds.  These facilities are likely to occur at isolated locations 
and may be linked to others by a network of roads, pipelines and cables which form the gathering 
network for the LNG resource. The construction footprints / disturbance areas of the proposed 
infrastructure are presented in Table 6.1. 

Using the information provided in the above existing land resource assessment, this section discusses 
the associated impacts of Australia Pacific LNG gas fields development to land; specifically existing 
geology, topography and geomorphology and soil resources.  

Table 6.1  Proposed project disturbance areas 

Land area initially 
cleared (ha)

Sterilised land 
area (ha)

Gas wells 10118 228

Gas and water gathering lines - ROW 18000 Nil - Returned to land 
use

Scraper stations - HP network 12 12
Gas fields temporary accommodation facility 138 0
Gas fields permanent accommodation facility 138 138
Access tracks 4388 4388
WTS 792 198
HP gas network # 4000 480
HP water network ## 1100 132
GPF 1150 1150
WTF 24 24
Feed pond - WTF_MEL_01 or WTF_RCK_01a 20 20
Feed pond - WTF_HCK_01 5 5
Feed pond - WTF_BYM_01 10 10
Feed pond - WTF_WOL_01 10 10
Feed pond - WTF_GIL_01 or WTF_GIL_01a 20 20
Feed pond - Talinga WTF 20 20
Feed pond - WTF_CON_01 20 20
Brine pond - BP_WOL_01 175 175
Brine pond - BP_GIL_01 or BP_GIL_01a 140 140
Brine pond - BP_Talinga 210 210
Brine pond - BP_RCK_01 or BP_MEL_01 140 140
Pipeline temporary accommodation facilities and 
lay down area 83 0

Telecommunication towers 4 4
TOTALS 40717 7524

Operational

Footprints
(Australia Pacific LNG supplied)

Construction

 
NOTES: HP – High pressure WTF: Water transfer facility  GPF: Gas processing facility  ROW: Right of way 
## assumes all rehabilitated except for 6m vehicle access track; ## assumes 800km co-location with gas 
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6.1 Geology 

Geological data indicate that the Project Area is suitable for proposed development without significant 
ground improvement or without the need for large-scale blasting. The soils and rock will generally be 
suitable for the support of structures.  

6.1.1 Excavation 

An assessment has been undertaken based on the geological and terrain models for the Walloons 
CSG fields to establish the potential constraints and associated impacts relating to the excavation of 
materials that nominally occur within 2m depth of the natural ground surface level.  An excavation 
rating assessment was carried out, based on the following broad definitions 

Rating 1 (low): Deep soil profile; some low strength extremely weathered to highly weathered soft rock 
with soil like properties may occur at low levels.  Few excavation problems are envisaged.  It is 
anticipated that most materials will be able to be reused for engineered fill or in the backfill of trenches. 

Rating 2 (medium): Shallow to medium depth soil profile or gravelly soils, underlain by medium 
strength, highly weathered to moderately weathered rock, including closer jointed closely fractured / 
jointed high strength rock. Rocky soils, including cobbles and small to medium size boulders, may 
occur and present more difficult excavation conditions.  A larger sized excavator may be needed to 
expedite excavation works in rock.  The excavator may require a hydraulic rock breaker attachment.  It 
is expected most materials will be able to be reused for engineered fill or in the backfill of trenches. 
Boulders and rocky soils may not all be reused unless placed through a crusher. 

Rating 3 (high): Rock outcrops or skeletal to shallow depth soil profile underlain by high strength 
moderately weathered to fresh rock, including wider jointed medium strength rock.  High strength rock-
breaking capability or rock drilling and blasting may be necessary for rock removal. Rock may be 
unsuitable for reused unless blasts are designed to sufficiently break up rock or material is put through 
a crusher. 

Based on these criteria and with reference to the geological (refer Figure 3.1) and terrain models (refer 
Figure 4.1), an indicative assessment of the excavation conditions (including probability of rock 
outcrops) likely to be encountered within the upper 2.0m depth below natural ground surface level was 
conducted and is described in Table 6.2.  
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This assessment indicates that approximately two thirds of the geologic units within the study area 
have a likely probability of rock outcrops to occur. This is despite only noting minor occurrences during 
the field investigation (refer Figure 3.1). Where there is a likelihood of rock outcrops to occur, 
excavation difficulties will increase. As this assessment indicates that geology within the study area 
has an excavation rating of 1 to 2, only some excavation difficulties are envisaged. Investigations 
(refer Section 7.1.1) will still be required to quantify the environmental impact (such as potential for 
increased dust, noise and vibration) at site-specific excavations. Further detail is provided in EIS 
volume 2 chapters 13 and 15 – air quality and noise and vibration respectively. 

In summary, the presence of rock is not expected to be a significant impediment to project 
development and associated impacts relating to rock extraction and handling are expected to be 
manageable. This review also revealed a range of materials are potentially available.  As a result, 
trenching equipment is expected to able generate bedding for pipelines using some of these materials, 
however some importation of bedding materials may still be required. 

6.1.2 Geologic structural features and faults 

Identified faults could potentially comprise zones of weakness in the upper crust that may be subject 
to differential movement during a significant seismic event in the region. However there have been no 
recorded earthquakes within the gas fields study area since 1958. This suggests the earthquake risk 
within the gas fields study area is low.  

Should an earthquake occur during the life-cycle of Project development, damage to infrastructure 
may occur.  An indication of potential levels of public nuisance and damage to infrastructure for the 
approximate range of earthquake magnitude recorded in Queensland is presented in Table 6.3. 

Table 6.3  Indicative levels of damage from Earthquakes 

Modified Mercalli scale Level of damage Richter 
Scale 

1-4 Instrumental to moderate No damage </= 4.3 

5 Rather strong Damage negligible. Small, unstable objects displaced or 
upset; windows rattle, felt by some people. 

4.3 - 4.8 

6 Strong Damage slight; windows, dishes, glassware broken,, 
door swing, felt by everyone 

4.9 - 5.4 

7 Very strong Damage slight to buildings with plaster cracking and 
brick falling 

5.5 - 6.1 

8 Destructive Cause much building damage and houses move on 
foundations. Bridges twist, wall fracture, masonry 
building collapse. Most buildings collapse from 7.4 to 
7.9. When greater than 8, total damage with waves 
seen on the ground surface and object thrown in the air 

6.2 - > 8 

Source: http://www.ga.gov.au/urban/factsheets/20010919_15.jsp 

The table suggests that structural damage could occur during earthquakes of Richter 4.9 or higher. In 
such an instance, damage to LNG infrastructure could result.  A ‘worst case scenario’ would be that an 
earthquake was of significant magnitude or duration to rupture pipes within the gathering network and 
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cause a release of contaminant into the ground and/or atmosphere.  Whilst such an occurrence may 
be statistically remote, the potential seismic risk should be appropriately addressed during design. 

It has been noted earlier (Section 3.3.1) that a seismic event could also arise as a result of gas 
extraction or construction of a large lagoon. However no deep lagoons or dams are proposed to be 
developed as part of the gas fields and therefore surcharge loading on the earth is not expected to be 
significant. The risk of seismic events caused by construction of a lagoon is thus considered to be 
negligible. With regard to the potential for seismic activity to be caused by gas extraction (particularly 
during initial well development), the depth of extraction is such that surface impacts are likely to be 
minimal, with the potential for only very localised ground vibrations. 

6.1.3 Extractive resources 

The identified potential impacts on extractive resources associated with the development of the 
Australia Pacific LNG gas fields are as follows: 

� New quarries and expansions to existing quarries (operated by others) may be required with 
development of the Australia Pacific LNG gas fields and changes to land and road use would 
potentially occur as a result. To meet the demand of the Australia Pacific LNG Project, any new 
quarry would be required to undergo an impact assessment as part of gaining a separate 
development approval prior to commencing the activity.  

� While not specifically addressed within this report, the environmental effects of any future quarry 
developments will require consideration and will need to include the cumulative effects 
associated with the resource demands of other possible CSG projects in the region. Such 
effects may include alteration of topography, drainage, leaching of chemical / minerals, removal 
of vegetation and changed dust, noise and vibration levels. Extractive industry operations 
would, however, need to comply with DERM and local council operational conditions including 
compliance with relevant emission levels. 

The potential constraints and opportunities relating to demands by the Australia Pacific LNG Project 
and other proposed CSG projects on the available (or additional sources of) extractive resources in 
the region requires further investigation by project proponents during FEED. 

6.1.4 Reactive Soils 

Vertosols (cracking clays - 5b and 5b[m]) encountered within the Australia Pacific LNG study area as 
described and mapped in Section 5.1.1 are generally expansive dark brown / grey cracking clays. The 
potential impacts with construction in areas where Vertosols are encountered may include: 

� Cracking clays are usually highly reactive to moisture variations and can generally lead to 
extensive subsidence and in turn cause damage to the proposed buildings and roads.  

� Potential damage to pipeline infrastructure (i.e. damage to protective coating) in areas of 
expansive cracking clays.  

� Traversing through areas of where Vertosols occur may become very difficult when wet. 

6.1.5 Steril isation of resources 

There are areas of the gas fields where there are a number of permits that have overlapping tenure for 
coal mining or extraction of coal seam gas. The extraction of gas could potentially impact other 
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permits for gas, however extraction of gas from coal seams does not impact the ability to mine the 
coal. In fact, degassing the coal can assist in any future underground coal mining.  

Australia Pacific LNG is also working with government to manage the tenure overlaps and sterilisation 
of resources. In February 2009 the Queensland Government released its Underground Coal 
Gasification (UCG) policy, which guides the management of such overlaps. Australia Pacific LNG is 
represented on the UCG Industry Consultative Committee, which was established to advance the 
policy and is addressing issues such as potential resource impacts or sterilisation.  

Given that the extraction of gas is a tenurial issue in this case (i.e. not an environmental matter), this 
issue has not been considered further in this report. 

6.2 Topography and geomorphology 

Development of the gas fields will involve construction of numerous facilities – gas wells, gas plant 
facilities, water transfer stations, waste treatment facilities, brine and water storage ponds – and 
associated handling infrastructure – pipelines and access roads – across and between all tenements.  
Construction will involve vegetation clearing and earthworks, resulting in destabilisation of soils.  

Overall, the potential impacts of the project on terrain are likely to be low with the main issues relating 
to soil erosion risk and control, aspects which are addressed in detail in Section 7.3.3. The study area 
landform may be altered locally through changes to existing natural drainage patterns and may involve 
slope changes and diversion of stormwater around facilities. 

If not managed, changes to natural drainage patterns and destabilisation of soils may contribute to 
erosion which, if not mitigated may scar the land and contribute to downstream water quality 
degradation. The destabilising of soils may also lead to slope instability due to the increased water 
infiltration or loss of vegetation.  The assessment of erosion susceptibility and likely project impacts is 
presented in Section 5.2.4 and 6.1.4 respectively. Land clearing, altered landform and changes to land 
use may have other associated impacts, including the potential loss of GQAL and visual amenity (refer 
Section 5.3 and Landscape and Visual Amenity EIS Chapter 7, respectively). 

There are also numerous water courses that traverse the tenements.  Trafficking and pipelines across 
these water courses can cause erosion and affect embankment stability which can in turn increase the  
potential for erosion and increase sediment load (further impacts are considered in Chapter 11 of the 
EIS, Surface water and watercourses). 

6.3 Soils and land resources 

This section discusses potential impacts to soil resources within the study area from the construction 
and operation of approximately 10,000 gas extraction wells and associated infrastructure based on the 
soil assessment detailed above, the construction footprints / disturbance areas of which are presented 
in Table 6.1. 

6.3.1 Topsoil 

Topsoil protects dispersive subsoils, is critical to erosion control and is important for revegetation and 
weed management. Construction of project infrastructure will impact topsoils if they are not stripped 
and stockpiled separately to subsoils and vegetation, resulting in soil inversion (replacement of 
topsoils with subsoils on the soil surface and upper soil profile).  If subsoils are exposed for extended 
periods, excessive erosion may occur. Operational impacts could result from poor rehabilitation and 
drainage management leading to topsoil and subsoil erosion. 
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Based on field classifications, topsoil varied in thickness from thin to medium throughout the study 
area. As topsoil is generally removed down to the subsoil, site specific assessments will be required 
pre-disturbance to determine the appropriate removal depth and handling / stockpiling arrangements. 
A shortage of topsoil is inevitable in some areas, particularly in shallow stoney soils (soil group 1), 
shallow texture contrast soil (soil group 2) and those within soil groups 4 and 5 where clay content is 
significant in surface material. Additional topsoil may therefore need to be removed from areas with 
substantial topsoil depths to overcome this possible shortfall. A site specific topsoil assessment should 
take this into account. 

Fertility of topsoils (both fine and coarse textured) within the study area was rated as very low to low. 
As a result, additional nutrients (specifically N and P) / conditioner may be required during stockpiling 
and rehabilitation to improve topsoils, stabilise subsoils and support vegetation regrowth. 

6.3.2 Erosion 

There is the potential for construction of Project infrastructure to have a significant adverse impact on 
soils resulting in excessive soil erosion and sedimentation levels with consequent adverse effect on 
water quality in the main watercourses. Failure to effectively control erosion may have continuing 
adverse consequences during operational and decommissioning stages of the Project. The degree of 
impact will relate strongly to the effectiveness of methods employed for land clearing, grading, 
earthworks and infrastructure establishment.  

Potential follow on effects may include, but are not limited to, undermining of structures, pipeline 
exposure, furrowed landscape, upstream bank erosion (incision of a stream into its banks), 
downstream sedimentation, decline in fertility through loss of soil structure, increased dust generation 
and loss of GQAL. 

Based on erosion ratings (refer Section 5.2.4), soil groups 2b and 2c have the highest erosion rating. 
This is particularly notable in the coarser textured soil groups where there is little structure and organic 
matter to assist in binding soil and resist erosion.  However, where slope increases, so too does the 
erosion hazard.  Most soil groups were generally highly erodible if disturbed when the site slope is 
more that about 8%.  Finer textured soil groups (4 and 5) have a low to moderate erosion rating.  
However, most were reported as sodic to strongly sodic and will erode where vegetation has been 
removed due to clay dispersion.  

There is the potential for construction of the project to have a significant adverse impact on soils 
resulting in excessive soil erosion and sedimentation levels with consequent adverse effect on water 
quality in the main watercourses. Failure to effectively control erosion may have continuing adverse 
consequences during the operational and decommissioning stages of the project. The degree of 
impact will relate strongly to the effectiveness of methods employed for land clearing, grading, 
earthworks and infrastructure establishment. 

Previous erosion assessments undertaken within the study area have indicated that conventional 
stormwater control through runoff diversion and concentration combined with scour protection has had 
mixed success, particular in highly dispersive soil areas. In certain circumstances, practices have 
increased erosion through channelled runoff flows leading to gully development and increased 
sedimentation. This is not only attributable to stormwater control constraints but inherent soil erodibility 
constraints also, particularly where the subsoils are highly dispersive. Detailed sediment and erosion 
plans (as identified later) will be necessary to designate effective control measures, especially in areas 
designated as having a high to severe erosion hazard. 
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Concentrated discharge of reverse osmosis treated gas well groundwater (‘product’) to waterways is 
likely to be required during the Project’s operational phase.  Lined management ponds will be used to 
store a portion of treated ‘product’ water for reuse at other project components (that is, power plants). 
Based on a ‘worst case scenario’, the volume of product discharge to waterways will total 235ML/day 
during peak production. As precise discharge locations are unknown at this stage of the Project, it has 
been assumed that proportions of this total volume will be discharged to waterways adjacent to Water 
Treatment Facilities (WTF). Based on this assumption, the soil erodibility rankings determined in Table 
5.9 have been used to indicate the erosion hazard of soil resources which line the receiving 
waterways (refer Table 6.4).  

Table 6.4  Erodability ranking of soil at treated water discharge points 

WTF name Mapped soil 
types 

Soil erodibility ranking  
(no disturbance) [Table 5.9] 

WTF_BYM_01 5b 1 

WTF_CON_01 2c 4 

WTF_GIL_01 2b 4 

WTF_GIL_01a (alternative) 2b 4 

WTF_HCK_01 1a/5a 2 

WTF_MEL_01 4b/5b 2 

WTF_RCK_01a (alternative) 2d 2 

WTF_WOL_01 2a 2 

Talinga WTF (existing) 1a/5a 2 
Notes 
Soil erodibility:   1: low  2: moderate  3: high  4: very high 

Where concentrated flow is proposed (including diversion of stormwater around construction areas), 
the greatest erosion impact will occur in unprotected (un-vegetated), coarse textured soils and 
dispersive fine textured soils (refer Figure 5.2).  Where large volume concentrated flows are likely to 
occur, there is the potential to: 

� Exacerbate gully erosion 

� Cause notch erosion resulting from reduced variability of flows downstream of discharge points. 

� Increased bank instability (stream bank erosion). 

� Exacerbate meander migration. 

� Increase entrainment of bed sediments, resulting in redistribution downstream (refer Aquatic 
ecology – EIS, Volume 2, Chapter 9). 

Hydrostatic testing of the HP gas network and gas and water gathering pipelines will be required using 
water sourced locally. Following the completion of testing, this water may have high concentrations of 
turbidity, iron and sodium bisulphate and will require disposal (refer Chapter 12 of EIS Associated 
Water Management report). The preferred method of disposal will be discharge to land owner dams 
for irrigation. However, where this option is unavailable, sheet flow land irrigation will be undertaken.  
Impacts in relation to ‘worst case’ scenario (irrigating to land) are expected to be similar to the erosion 
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hazards described above.  Furthermore, there is the potential for follow-on effects where this water 
contains contaminant concentrations, such as heavy metals, raised dissolved salt concentrations and 
(possibly) hydrocarbons.  Therefore, hydrotest water should not be released without treatment or an 
assessment of the water quality and receptors at the release.  As a minimum, any discharge to land 
should meet specific quality criteria outlined by environmental authorities. This aspect is addressed in 
a separate report (refer Chapter 12 of EIS Associated Water Management report). 

6.3.3 Salinity 

Salinity levels ranging from non-saline (electrical conductivity (EC) levels <2000�S/cm) to moderately 
saline (4000-8000�S/cm) was reported for soils encountered within the study area. Eight samples 
were highly saline (8000-16000�S/cm), while an additional one was extremely saline (16000�S/cm). 
The highly saline samples were clays classified as Vertosols, Dermosols and Sodosols. The high and 
moderate levels of salinity reported for fine and coarse textured soils respectively was attributed to 
high concentrations of sulphate. Moderate salinity reported in the majority of remaining samples was 
attributable to high concentrations of exchangeable cations (Ca, Mg, K, Na). All samples which 
reported moderate to high salinity ratings were collected within land currently utilised for grazing and 
not considered GQAL.  

Vegetation has varying tolerance to salinity with only several species able to tolerate EC levels greater 
than 8000�S/cm. As a result, moderate to highly saline soils will require special management as they 
may be corrosive to civil structures and present challenges for revegetation. Several Australian 
standards, such as Australian Standard AS3600 for concrete design and AS2159 for piling design, 
include requirements for buried concrete and steel depending on soil chemistry. However, further 
specific geotechnical investigations will be required to assess suitable corrosion protection 
requirements. Additionally, suitable subsoil handling and progressive rehabilitation shall be undertaken 
to minimise potential blending between non-saline and highly saline soils.  

Dry land salinity associated with parent soils is present in some locations within the study area. The 
Projects activities such as vegetation clearing and management of surface water have the potential to 
contribute to further salinisation of soils. However, given the relatively fragmented nature of proposed 
clearing of intact vegetation for the project, the nature of drainage patterns and existing occurrences of 
salinisation with the region, the risk of the project causing a significant outbreak of dry land salinity is 
considered to be low. Nevertheless, there remains the possibility that localised salt outbreaks/scalds 
could occur in certain areas. Salinisation caused by irrigation and other water management strategies 
associated with the project (i.e. Groundwater extraction, water containment and disposal) has been 
addressed in other reports (refer Groundwater Assessment, Volume 5, Attachment 22). 

Over the lifetime of the Project, approximately 10,000 gas wells will be drilled. The drilling process 
inherently generates saline (>16000�S/cm) fine material which will be isolated in a sump, which is 
covered with original topsoil and rehabilitated after the wellhead has been established.  

Gas wells are dewatered to extract the Coal Seam Gas (CSG). This water has a higher dissolved salt 
content than fresh water and is described as brackish. Untreated, this water has a limited use and 
therefore is treated via reverse osmosis which produces clean water suitable for a number of uses. It 
does, however, produce an extremely saline (approximately 60g salt/L) effluent which will initially be 
stored in management (brine) ponds for evaporation. The preferred option is to inject the brine back 
into geologically suitable aquifers at depth if deemed feasible.  
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6.3.4 Bulldust 

Loamy soils, particularly soils located within soil groups 1, 2 and 3, are prone to generate bulldust if 
vegetation is cleared and topsoil heavily trafficked throughout the Project.   

As there is a high proportion of soils with generally loamy textured surface layers, bulldust generation 
is expected to be widespread if appropriate dust mitigation is not implemented throughout construction 
and operation. 

6.3.5 Land capability reinstatement 

A total of 58% of the study area is comprised of GQAL (classes A, B and C1). This land will be 
impacted through construction and operation of various project components, which could cause a 
minor loss of agricultural production (reduced cropping area) in a regional context through: 

� Interference with overland flow through the modification of runoff controls 

� Increase in soil compaction through heavy trafficking, reducing water infiltration 

� Decrease in fertility 

� Increase in erosion 

� Disruption to farming operations with respect to the timing of operations and restrictions on land 
use.  

Given the scale of the Australia Pacific LNG development, the impact on the productive value of land 
may have an intermediate impact in the short-term until such time as infrastructure is implemented and 
suitable rehabilitation measures are completed. This impact may have a cumulative impact with other 
concurrent CSG projects, although these would be in neighbouring regions.  

The short term impact to GQAL (during construction) is estimated as 23,726ha. Following the 
implementation of suitable rehabilitation measures (refer Section 7), the estimated total area of GQAL 
which will be sterilised during gas fields operation is 4,319ha (0.75% of the tenement area). 

Individual facility construction and operational footprints within GQAL have been discussed in EIS 
Volume 2, Chapter 6 – Land use and Planning. These estimates are based on data presented in Table 
6.1.  
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7. Mitigation Measures 

7.1 Geology 

7.1.1 Excavation 

The excavation ratings provided in Table 6.2 correspond with the increasing levels of potential 
environmental impacts including the likely extent of clearing, the construction methods and types of 
equipment required to undertake the work. Such impacts include increased noise and dust levels, 
handling / stockpiling of rock and rehabilitation constraints. Other impacts relate to the strength and 
amount of rock likely to be encountered and the suitability of the excavated spoil for backfill purposes.  

Wherever practicable, clearing of existing natural vegetation should be confined to within the proposed 
construction disturbance footprint (refer Table 6.1). Where additional clearing is required to permit 
access for larger equipment, clearing should be kept to the minimum necessary to complete the work. 

Based on these excavation ratings provided in this assessment, it was concluded that in most 
locations excavation to 2m is likely to be possible with conventional plant. However the use of 
hydraulic rock breakers may be required in some areas as boulders and rock in these locations may 
not be suitable for backfill. Nonetheless, FEED phases of the Project should quantify and qualify the 
type of equipment required for excavation and therefore qualify the potential associated environmental 
impacts.  

If rock breaking and / or drilling and blasting is required for rock removal, the works should be 
undertaken to minimise the effects of noise and vibration on the surrounding environment (refer EIS 
Chapters 13 and 15 – air quality and noise and vibration respectively). Blasting should be carried out 
in accordance with relevant local authority guidelines and AS2885.1: Gas and Liquid Petroleum 
Guidelines. 

Rock spoil, where encountered, should be reused on the construction site or removed from the site 
and used for erosion control rip-rap, or disposed of in alternative approved locations, wherever 
practicable. If there is a deficiency of trench backfill material, suitable material (certified weed and 
disease free) should be imported. Any excess of suitable material should be used for rehabilitation 
purposes or removed from the site to an approved disposal area. 

7.1.2 Geologic structural features and faults 

There area a number of moderately sized faults and folds which occur within the study area, however 
there are no recorded earthquakes since 1958. Nonetheless the design of structures should be 
undertaken in line with Australian Standard AS1170.4:2007 or other standards that consider the effect 
on a structure against related earthquake phenomena such as settlement, slides, subsidence, 
liquefaction or faulting. 

7.1.3 Extractive resources 

Extractive industry operations that supply material to Australia Pacific LNG Project would be expected 
to implement mitigation measures to ensure compliance with their operating licence conditions and 
undertake rehabilitation of extraction areas when extraction is completed. The operation and 
management of the extractive industry is outside the direct control of Australia Pacific LNG. Australia 
Pacific LNG intends to work with industry to align with its sustainability principals (refer EIS volume 1, 
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Chapter 3 - Sustainability). The use of borrow material within the Project area will necessitate 
remediation and rehabilitation of treatments. This should include the re-establishment of stable 
landforms. 

To minimise the impacts associated with the extractive resources, the following mitigation measures 
are proposed: 

� FEED phases of the Project should quantify and qualify the need for extractive materials prior 
to construction, as well as identifying the quality and type of materials required and the 
location at which it will be required.  

� The Australia Pacific LNG has not planned to directly develop new quarries as part of the 
Project. Businesses which choose to meet the demand for extractive materials for the Project 
and other developments within the region would be required to follow an approvals process in 
accordance with applicable legislation. The need for borrow pits and associated approvals will 
be assessed during FEED phases of the Project 

� Selected existing resources should be assessed during the Project’s FEED phases to 
determine the size and local demand. This would enable an informed assessment to be made 
regarding adequate resources to service gas field requirements as well as existing community 
demands. 

� Mobile crushers should be considered for use on the Project where practicable so that excess 
rock that has been excavated can be utilised, minimising the need for quarry materials. 

� Construction is to be carried out progressively, with remediation of areas scheduled so that 
rock for construction platforms and temporary access roads can be recycled to minimise the 
need for quarry materials. 

It is probable that development approvals will be necessary for other extractive resources on land held 
by private operators. These would be the subject of a separate approvals process undertaken by 
others.  

For any extractive activities undertaken by others on behalf of the Project, the environmental issues 
associated with the extraction of resources should be mitigated through the development of 
environmental management and operation plans.  

Once operations have concluded, finishing earthworks and revegetation should be carried out with all 
equipment, structures and imported materials removed. Remediation and rehabilitation of any 
contaminated areas, grading and revegetation of the quarry/borrow pits should be undertaken in 
accordance with regulatory approval conditions. 

7.1.4 Reactive Soils 

Soils with a significant shrink/swell characteristic (termed reactive soils) (ie.5b and 5b[m]), occur 
throughout the Project area. To minimise construction constraints associated with these soils, the 
following mitigation measures are proposed: 

� Where construction is proposed for major infrastructure within soil group 5b[m], site specific 
geotechnical investigations, such as those undertaken during FEED phases, should be 
undertaken to assess the potential movement caused by these cracking clays. These 
investigations will also identify the potential infrastructure protection (that is pipeline coatings 
resistant to stresses from clay movement) required. The potential movement due to the 
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cracking clays will be considered in the design of all buildings, roads and other structures, 
where located on these soils  

� Substantial pipelines are anticipated to be constructed mainly within the lower section of the 
shrink/swell profile and are thus unlikely to be exposed to the full extent of the movement. At 
these depths the shrinking, swelling and heaving (Gilgai’s) of these cracking clays are unlikely 
to affect the integrity of a welded steel pipeline. However, it may affect the protective coating 
of the pipeline. An alternative protective coating may be considered in the areas where these 
cracking clays are encountered, but this need can be assessed following geotechnical 
investigations.  

� Construction in reactive soil areas should be limited to dry weather conditions as far as 
practicable. The construction of gravel access tracks and working platforms may be warranted 
to prevent rutting and damage to soil resource as these soils are of significant agricultural 
value. 

7.2 Topography and Geomorphology 

Clearing and earthworks will have the greatest impact on existing landform through the alteration of 
drainage paths, soil destabilisation and loss in GQAL.  It is noted that requirements for changes in 
landform will also be subject to input from flood studies (refer: Chapter 11 of EIS, Surface Water) and 
soil characteristics (refer Section 5).  

The general mitigation measures listed below should be addressed throughout the project to minimise 
potential impact on water quality of downstream sites due to erosion, and improve the stabilisation of 
soils to prevent potential erosion and sediment runoff which will assist in minimising landscape impact. 
Further requirements for water diversion, sediment and erosion control are provided in Section 7. 
These sections provide detailed mitigation measures which are also addressed in the Environmental 
Management Plan (EM Plan) (Chapter 24 of EIS). 

Mitigation measures which should be adopted include, but are not limited to, the following: 

� Redirect / divert surface water runoff from disturbed areas (that is, cleared sites and stockpiles), 
but ensure it is managed to minimise concentrated flows, uncontrolled channelling or 
impedance of flow or cause nuisance to landholders downstream and / or adjacent to the site 
(also Chapter 11 of EIS, Surface Water). 

� Implementation of sediment and erosion control measures, such as installation of sediment 
dams, traps and fences to dissipate the velocity of stormwater which runs across the site (refer 
Section 7.3.3 and the EM Plan in Chapter 24 of the EIS, volume 2). Where practicable, any 
vegetation cleared should be mulched and placed as a protective layer on disturbed areas to 
assist in fertility retention and sediment and erosion control. 

� In areas of site levelling works, proposed formation levels should be set to reduce the need for 
significant cut and fill areas. 

� Reuse of construction materials should be implemented to minimise the volume required from 
borrow pits. 

� Pipeline backfill and compaction of the fill should be controlled to minimise subsidence and the 
need for excessive temporary soil mounding. 

� Progressive clearing should only be undertaken immediately prior to construction to ensure the 
minimum amount of bare soil remains on site at any one time. 
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� Undertake progressive rehabilitation of disturbed areas such as temporary diversion drains, 
cleared sites and stockpile areas. 

� Structures requiring substantial earthworks (that is, gas plant facilities, water transfer stations, 
waste treatment facilities, brine and water storage ponds) should be sited on relatively level 
sites for ease of landform rehabilitation following Project completion.  

� If it is necessary to carry out clearing works and construct structures on steep or very steep 
slopes (generally >25%) then an assessment should be carried out by a geotechnical engineer 
as to the overall slope stability as well as a site-specific water diversion, erosion, sediment and 
revegetation plan be prepared for the site. 

� Where there is to be a vehicular or pipe trench crossing of a water course, the crossing should 
be reinstated to it previous state following cessation of use.  Measures given in Section 7.3.5 
should be adopted for watercourse crossings.  

� At the completion of the project, equipment, structures and imported materials should be 
removed and landform reinstatement and rehabilitation undertaken.  This may involve 
remediating and rehabilitating any contaminated areas, and subsequently grading and 
revegetating the site, returning it to a condition as close to its original state as practicable.  This 
also includes the re-establishment of original landform and drainage (including pre-existing 
erosion management structures) and remediation of soil fertility and structure (refer Section 
7.3.8). 

7.3 Soils 

Mitigation measures in regard to soil disturbance and rehabilitation should focus on avoidance and 
reinstatement. Where practicable, major development facilities on intensive agricultural production 
areas should be avoided and the reuse of existing disturbed areas, such as tracks, maximised. Where 
avoidance is not practicable, suitable placement of gas wells and associated infrastructure within 
areas likely to cause the least impact to land resources should be selected (that is, along paddock 
boundaries and away from overland flow paths). 

7.3.1 Land capability 

There is potential for sterilisation of GQAL (classes A, B and C1 [in some areas]) throughout project 
construction. However the long term impact can be mitigated through progressive rehabilitation of gas 
well sites, HP gas and water networks and gas and water gathering lines as a portion of the 
construction area will rehabilitated (refer Table 6.1 and Section 6.3.5). However there is expected to 
be a net loss in GQAL due to the operational footprint (approximately 0.75% of 571,989ha = 4,319ha) 
which will remain for other Project facilities. 

To minimise the impact during construction and operational periods, drill pads, access tracks, 
pipelines, temporary accommodation facilities, ponds and communication towers should be located on 
areas which will have the least impact on the productive capacity and drainage of the land and cause 
the least changes to landholder operations. Such areas include fence lines, existing access tracks, 
road reserves and other areas deemed appropriate by the land owner.  

Good topsoil management is also important to facilitate restoration of GQAL which should involve 
rehabilitation to vegetation types consistent with the surrounding environment (refer Section 7.3.2.) 
Additional measures such as good quality fencing to restrict stock movement between neighbouring 
properties, minimising productive soil exposure and installing appropriate signage (that is, on fencing 
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not within paddocks) should be incorporated during construction. Where pipelines are to be 
established in croplands, particularly where deep ripping may be used, additional depth of cover will 
be required as determined by design engineers and validated by the AS2885 Safety Management 
Study. This will also be the subject of consultation with affected landholders. 

Land Capability impacts can also be mitigated through good management of associated water (refer 
Chapter 12 of EIS, Managing associated water). Associated water without appropriate treatment 
should not be used without consideration of soil salinity and impact of other contaminants. Similarly 
Waste Management is also important to not contaminate GQAL (refer EIS Chapter 16, Waste). 

Sediment and erosion control and careful revegetation of GQAL is also important to mitigate loss of 
GQAL (refer subsequent sections). 

7.3.2 Topsoils and subsoil management 

The following section outlines topsoil and subsoil management strategies to be implemented during 
and following the construction of various project components in all land areas to be disturbed. During 
the operations phase of the project, management should largely include monitoring of rehabilitation 
and further rehabilitation as required, which is outlined within the construction EM Plan (refer Chapter 
24 of EIS). Post lease rehabilitation should involve the decommissioning and removal of project 
facilities (refer Section 7.3.8). 

Topsoil stripping 

Prior to the commencement of topsoil stripping, areas should be cleared of vegetation. Timing of 
clearing should be coordinated with respective landowners to ensure that where GQAL disturbance is 
unavoidable, minimal disruption to farming operations will occur. Vegetation clearance should be 
minimised where practicable to reduce the potential for soil erosion and exposure of dispersive soils, 
particular when clearing has not been timed according to seasonal rainfall (that is early to mid summer 
– December to March). Vegetation clearance should take place as close as practicable to construction 
activity and undertaken progressively. 

Vegetation which is removed should be stockpiled separately. There should be a distinct break of at 
least 1m between the vegetation and soil stockpiles, but additional storage space must be accounted 
for as the subsoil displaced during construction (particularly for underground infrastructure such as 
pipes) is substantial. Further information regarding vegetation management is contained within the 
Terrestrial Ecology technical report or Chapter 8 of the EIS. 

Topsoil should then be stripped. Any excess displaced spoil must be prevented from mixing with 
topsoil as the cost of extra storage space is minor compared with the rehabilitation of soil inversion 
areas which limit nutrient availability, biomass and productivity. Soil inversion can also affect a soil’s 
permeability and water holding capacity. Terrestrial Ecology technical or Chapter 8 of the EIS 

Soil stripping should be undertaken in consultation with information provided in this report and 
subsequent detailed soil assessments, including designation of optional topsoil stripping depths. In 
areas where both the topsoil and subsoil are to be removed, they should be stripped and stockpiled 
separately and be located as to minimise loss of material from water and wind erosion. This is 
necessary to prevent blending of different stockpiled material (that is, during rain events) as this may 
impact the success of rehabilitation.  

Soils should ideally be replaced close to where they are sourced. The separation of coarse textured 
soils (mainly groups 1, 2 and 3) from fine textured soil groups (4 and 5) at soil type boundaries should 
be undertaken. Coarse textured soils are often more erosive and generally less fertile than fine 
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textured soils which are generally dispersive. As a result, coarse textured soils will involve differing 
nutrient / conditioner requirements to that of fine textured soils. It is therefore preferable to reinstate 
close to the source so that existing conditions are retained as much as practicable.  

Vegetation which is cleared and chipped may be used to provide a thin surface mulch to improve the 
topsoil productivity and mitigate erosion. If any vegetation burning is proposed (subject to operational 
conditions), remaining ash may be incorporated with the topsoil during the topsoil stripping operations.  

Earthmoving plant operators should be trained and / or supervised to ensure that stripping operations 
are conducted in accordance with stripping plans and in-situ soil conditions. This will ensure that 
suitable topsoil material resources are salvaged and that the quality of the stripped topsoil is not 
reduced through contamination with unsuitable soils. Care should be taken during stripping, 
stockpiling and / or respreading to ensure that structural degradation of the soil is avoided and that 
excessive compaction does not occur.  

Stockpiling 

Where practicable, topsoil material should be respread directly from stripped areas onto areas being 
rehabilitated. Where this is not practicable, topsoil shall be stored in stockpiles. Stockpiles should be 
located in areas that are outside the site disturbance area and at least 50m away from main drainage 
lines or significant overland flow paths. Drainage from higher areas should be diverted around 
stockpiles to prevent erosion, while sediment controls should be installed downstream of the 
stockpiles to collect any washed sediment.  

Topsoil stockpiles should not exceed 2m in height, particularly to minimise damage to topsoil and 
maintain fertility. Where multiple stockpiles are required, gaps should be left every 50m to allow for 
drainage, and permit the movement of vehicles and wildlife. This is particularly necessary during the 
construction of pipelines. Stockpiles exposed for extended periods should be deep ripped and sown 
with seed stock compatible with local conditions in order to keep the soil healthy and maintain 
biological activity and prevent weeds from growing. Topsoil stockpiles should be clearly sign-posted 
for easy identification and to avoid any inadvertent losses. Establishment of weeds on the stockpiles 
should also be monitored and controlled. Rocky surface materials should be removed and stockpiled 
separately from other material. Information regarding management of weeds is included within the 
Terrestrial Ecology technical report or Chapter 8 of the EIS. 

Surface stabilisers may be used on soils which have been classified as erosive or dispersive and 
exposed for prolonged periods.  

Respreading 

Upon completion of construction, wastes should be removed, temporary access tracks should be 
closed and soils should be replaced in the order in which they were excavated. If subsoil cannot be 
reused, then suitable certified backfill material from a registered quarry should be imported. Excess 
soils should be disposed of appropriately – for example, stockpiled for use in future rehabilitation or 
respread elsewhere in consultation with landowners avoiding admixing. During the removal of soil 
from stockpiles, upper and lower sections of the stockpiles should be mixed to spread seed stock and 
microfauna. 

Topsoil application should only take place following initial reinstatement of the subsoil, construction of 
contour banks on steep slopes and compaction and crown development (micro-relief) of subsoils to 
account for subsidence. Topsoils that have been stockpiled for long periods should be re-analysed 
before reusing to assess whether fertility levels are optimum and if required, conditioners should be 
added. Topsoils should be respread over watered and scarified / ripped subsoils in even layers at a 
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thickness appropriate for the intended land use of the area to be rehabilitated, however they should be 
tapered on slopes to account for downward movement (that is, 100mm at the top of slope to 75mm at 
the bottom). 

Topsoil should be compacted firmly but left slightly rough to provide a suitable seed bed and 
revegetation undertaken as soon as practicable after topsoil respreading. Cross ripping of topsoils 
may be undertaken to encourage rainfall infiltration and minimise runoff. On steep slopes 
hydroseeding and hydromulching should be used. Vehicle movement should be restricted to permit 
vegetation to become re-established. In areas where access tracks were utilised, re-profiling to 
original or stable contours, re-establishing surface drainage lines and other land features should be 
completed. Other considerations should include: 

� Balancing required rehabilitation topsoil quantities against stored stockpile inventories. 

� Planning the source of topsoil material to maximise direct respreading from stripping areas and 
to minimise the length of time the material is stored in stockpiles. 

Rehabilitation of disturbed areas should be consistent with surrounding conditions (refer Section 5.3 
and restoration requirements in the Terrestrial Ecology technical report or Chapter 8 of the EIS 
Volume 2) unless developmental conditions are required to be maintained as an approval condition or 
land owners. Where GQAL has been disturbed, rehabilitation should be to a standard negotiated with 
the respective landowner. This includes the re-establishment of original topography and drainage 
(including erosion and water management structures, such as contour banks) and remediation of soil 
fertility and structure (refer Section 7.3.8). Specific Project rehabilitation measures include the isolation 
(in sumps) of drilling fines generated from gas well drilling and the encapsulation or reinjection or 
removal and disposal of saline solids from brine ponds.  

7.3.3 Water diversion, sediment and erosion control 

All soils which are to be disturbed should have sediment and erosion controls measures adopted 
throughout construction and rehabilitation. This is required for environmental, structural, rural land 
management and aesthetic reasons. The following measures are suggested: 

� Divert water around the construction site. Within the site, divert water around excavations and 
stockpiles. 

� Where water diversion involved construction of diversion drains, the preferred method is placing 
a mound of soil on the uphill side of the excavation from which it was sourced. The mound of 
soil should be compacted. This method results in water flowing over undisturbed ground. 

� Construct sediment fences on the downhill side of the excavation areas. 

� Construct sediment fences around the stockpile areas. 

� Sediment fences should comprise filter fabric anchored into a 200mm deep trench and extend 
maximum height of fence above ground: 700mm. 

� Maximum post spacing: 2m without wire mesh backing. 

� Allow at least 2m between fence and a stockpile. 

� Where tracks go down slopes, contour banks should be used at appropriate intervals to produce 
sheet flow rather than concentrated flow and directed to discharge at multiple locations at low 
velocities and volumes. 
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� Sediment and erosion control measures should be inspected on a regular basis, replaced where 
damaged and emptied following rainfall events if required. 

� Clear vegetation progressively, so as to maximise the area of soil protection. 

� Create stable slopes and revegetate soon after disturbance. 

� Topsoil stockpiles should be seeded (refer Section 7.3.2). 

� Stockpiles and / or exposed soil areas, such as unsealed access tracks, which are exposed for 
prolonged periods or have been identified as problem soils (erosive / dispersive) should be 
treated with chemical surface stabilisers or physical alternatives (crushed rock). 

� Diversion sediment and erosion control devices should be put in place prior to construction 
commences. These should remain in place at rehabilitated areas until the area has completely 
re-established. 

� Roads and tracks should ideally go across slopes. Where tracks go down slopes contour banks 
should be used at intervals appropriate to the slope to control the flow of surface water so as to 
minimise erosion. 

� Where pipes go down slopes, trench breakers should be installed in the backfill at intervals 
appropriate to the steepness of the slope to prevent water tunnelling along the buried pipe. On 
surface contour banks should be used to divert water off the disturbed areas. 

� There should be a sediment basin constructed on the downhill side of the major infrastructure 
facilities on the uphill side of sensitive water courses (Refer Chapter 11 of EIS, Surface water 
and watercourses). 

� If any water is required to be discharged off-site it should be done so through silt fences to 
prevent erosion. 

� In the vicinity of natural watercourses, routine water quality monitoring of pH, electrical 
conductivity, dissolved oxygen, redox, temperature and turbidity should also be considered to 
ensure that water quality is maintained. 

A comprehensive soil erosion, control and monitoring plan (detailing the measures described above) 
should be provided in the construction EM Plan (refer Chapter 24 of EIS). 

7.3.4 Slope management 

As described in Section 5.2.4, soil erodibility increases for all soil types when slope increases, 
particularly when steeper than around 8%. Where the slope is more than 2% soil and surface stability 
controls should be constructed and maintained at all times. These measures includes shaping the 
ground surface where required to maintain slope stability, with intensive erosion control works to be 
established for disturbed areas over 8% slope, as well as installing temporary sediment and erosion 
control (contour banks, diversion drains and silt fences) and maintaining until final construction clean-
up and rehabilitation and re-establishment is completed. 

Where clearing slopes adjacent to drainage lines is required, sediment and erosion control (such as 
water diversion banks, sediment fences and a sediment basin at the base of the hill) should be 
incorporated prior to clearing where practicable. A series of earth banks should be installed at an 
appropriate spacing depending on gradient and soil types immediately following clearing activities and 
should be constructed across the entire disturbed width of the working area. They should be directed 
to frequently spaced vegetated or sediment fence discharge points to minimise scouring. They should 
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be maintained to be effective at all times until rehabilitation and re-establishment of the site is 
completed. Earth banks should be high enough to collect water but not so high that they are 
dangerous to drive over on steep slopes. Clearing in the area immediately adjacent to water courses 
below slopes should be delayed until construction at the drainage line is imminent. 

7.3.5 Drainage line management 

Several significant drainage lines are located throughout the study area (refer Chapter 11 of EIS - 
Surface water and watercourses). As dispersive and erosive soils are located adjacent to drainage 
lines in many areas, appropriate management of these soils is required in order to minimise erosion, 
soil loss, sediment laden runoff and downstream impacts and maximise creek bank stability. Several 
pipeline crossings and it is therefore expected several vehicle crossings will be required for the 
installation of a number of project facilities including the high pressure gas network and water and gas 
gathering lines.  

Where these crossings are required and geologic constraints permit, a 20m buffer of vegetation 
adjacent to the drainage line should be retained until construction across the drainage line is 
imminent. When such time arises, trees may be chain sawed and felled away from the drainage line. 
Clearing shall aim to retain the maximum amount of root stock within the construction area.  

Where there is to be a vehicular crossing of a water course, the crossing should be reinstated to it 
previous state following the vehicle crossing’s use. If there is water to be flowing or the potential for 
water to flow during the period of the crossing being in use, there should be an access road 
constructed and a strategy prepared for management of the water so that the water will not flow 
outside its natural course. This could involve culverts or pipes placed through the road embankment 
suitable for the water flows likely or else water pumped from one side of the road embankment to the 
other (only suitable when water flows <1000l/s). Any water pumping which may require offsite 
discharge during construction should be done so through geotextile, sediment fences or gravel outlets 
to prevent erosion. Further advice is contained in Chapter 11 of the EIS, Surface water and 
watercourses. 

Where the pipeline is to cross a water course, the pipe trench should be excavated perpendicular to 
the direction of the water flow. There should be a trench breaker the full height of the trench on either 
side of the water course and the pipe trench backfill should be carefully compacted, and compaction 
plant used in the upper layers of the pipe trench backfill. If the bank is topsoiled, topsoil should be 
respread over the area from which it was removed and areas of disturbance seeded. 

In areas where rapid water flows are likely rock armour should be used to cover the area of the trench.  
Where original drainage lines had a surface layer of cobbles and coarse gravel overlaying finer 
material, it should be removed and stockpiled separately so that it may be replaced during 
rehabilitation. If this material is not reinstated to its original profile, the bed substrate may erode 
sufficiently to cause indirect effects such as bank collapse. Where the original material cannot be 
reused, rock armouring can be adopted. Where this is adopted a maximum bank slope of 2 horizontal 
: 1 vertical should be prepared. The rock should generally extend 2m up the bank from the toe and 
across the drainage line floor. Rock armour should be placed to an average thickness of 300mm and 
pressed into the soil base with an excavator. 

Trench crossings should be carried out when the water course is dry. If there is water in the water 
course at the time of trench construction, then there should be a dam upstream and downstream and 
water diverted through suitably designed culverts or pipes through the dams or water pumped around 
(for flows up to 1000l/s). Any water pumping which may require offsite discharge during construction w 
should be done so through geotextile, sediment fences or gravel outlets to prevent erosion. Further a 
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geotechnical engineer should carry out an assessment of the trench stability as trenches often 
unstable in the presence of water which is a risk to personnel safety, river bank stability and sediment 
load in the creek. More specific advice including the required depth of the pipe below the water-
bearing layers is given in Chapter 11 of the EIS, Surface water and water courses.  

Routine and following high or extreme rainfall events, inspections of soils at the crossings should be 
conducted. These inspections should aim to visually monitor erosion immediately at the crossing and 
evidence of sediment runoff downstream. For larger watercourses, that is for those of Stream Order 4 
or greater, routine water quality monitoring of pH, electrical conductivity, dissolved oxygen, redox, 
temperature and turbidity should be conducted upstream and downstream of the crossing to identify 
trends and water quality degradation. A detailed monitoring plan should be provided in the EM Plan. 

The restoration of the drainage line should be to the original state or natural slope with any sheer 
banks battered back. Stockpiled timber from clearing activities may also be utilised by spreading the 
timber randomly over the construction area leading down to the drainage line. Sandbag, gabion or 
other means of scour protection may be applied and should be placed to conform with existing natural 
contours, as appropriate, with topsoil respread over the sandbags or gabions. Where required by 
proximity to grazing stock or other threats, access should be prevented to sites (for example, using 
fencing or barriers) to assist site recovery. 

Water used for hydrostatic testing may be provided to farm dams or for irrigation. However in the 
absence of definite alternatives, discharge to grade in the local area should be assumed, Prior to 
discharge, locations should be negotiated with land owners and spent hydrostatic testing water should 
be analysed for contaminants (for example heavy metals and nutrients) to ensure safe discharge. 

In the absence of precise information, the ‘worst case’ scenario of 235ML/day has been assumed for 
proportional discharge at waterways adjacent to Water Treatment Facilities during project operation. In 
terms of land, this volume, and potential high velocity discharge is likely to exacerbate gully, notch and 
stream bank erosion and exacerbate meander migration and redistribution of sediments downstream 
within waterways. In order to minimise erosion, discharge must be located within a geomorphically 
stable waterway reach and bank stabilisation measures and riparian management plans (including 
monitoring) implemented (refer Chapter 9 of EIS - Aquatic Ecology).  

Additional engineering controls such as scour protection and flow velocity limits may be required.  

7.3.6 Revegetation, revegetation species and weed control 

Revegetation issues are addressed within the Terrestrial Ecology technical report or Chapter 8 of the 
EIS. 

7.3.7 Access roads and dust mitigation 

When soils are subjected to vehicular traffic, the soil structure diminishes and the soils are more prone 
to generate dust. This is particularly notable in soils with poorly structured A or B horizons (notably in 
soil group 2). Dust generation is likely to cause ongoing problems as a result of increased traffic during 
construction.  Similarly on existing road, once there has been substantial traffic flow and subgrade 
failure occurs, it is difficult to reconstruct roads by backfilling potholes because there will be poor 
subgrade drainage into potholes and reworking of the structure of the soils in the subgrade. 

Appropriate traffic routes should be therefore be assessed. Existing roads should be then assessed 
for suitability for the anticipated traffic and upgraded if required.  Consideration should be given to 
concurrent CSG activities and activities coordinated if practicable, so that roads are maintained or 
improved for local residents. 
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In areas where new access roads are proposed there should be vegetation removal and the stripping 
and stockpiling of the topsoil layer. Where there are new access roads, the road should be sheeted 
with a material appropriate for the subgrade and for the traffic proposed. 

Where roads are to be temporary and remain unsealed, the construction methods should aim to 
reduce the exposure periods for non-vegetated areas and undertake revegetation as soon as practical 
after construction. Vegetation removal should be limited to the immediate construction area to 
minimise soil resource degradation (assist in retention of soil moisture and nutrients).  

Material being transported should be covered at all times and speed limitation should be adopted to 
minimise dust creation. Excessive dust should be controlled through the use of spraying water from 
water trucks. Water should be applied to exposed soils as required to prevent dust generation. Water 
supplies should be of an appropriate water quality and should not lead to soil contamination (e.g. 
saline groundwater or contaminated waste water). 

On routes which are to be maintained throughout the construction period, and dust is of concern the 
adoption of specialised additives such as Dustmag can be used in order to minimise dust emissions. 
Dustmag is an additive that may be added to the water trucks to help suppress dust if normal 
measures are not adequate. It is a biodegradable, magnesium chloride preparation, which draws 
water from the air at night and forms a stabilised compacted surface. The additive may only be 
required once (generally lasts 3 months) although repeat applications may be required in high use 
areas. Some watering may be required in extremely dry periods and in problem areas it may be 
appropriate to remove additional soil layers down to the harder subsoils. 

Dust generated from soil stockpiles should be minimised by ensuring exposure time is minimised, 
seeding with local stock or addition of mulch, applying water, covering stockpiles with protective 
materials (e.g. Hessian, tarpaulins), applying soil additives on stockpiles or exposed slope batters. 

Where bulldust occurs on access roads, where it is necessary to retain an access road suitable 
sheeting material should be used to resurface the road. Where it is practicable to divert traffic, the 
area should be stripped of bulldust, the topsoil respread, fenced and revegetated.    

If all available methods of dust stabilisation fail to suppress dust and it continues to result in 
unacceptable impacts, construction activities in the affected area may need to be modified while the 
situation is rectified. 

7.3.8 Post-lease rehabilitation 

Based on information provided by Australia Pacific LNG, rehabilitation programs will include the 
decommissioning of: gas wells (steel pipes made safe: purged with water or compressed air and left in 
situ to corrode and connecting pipelines flooded, purged and vented), Gas Processing Facility, Water 
Treatment Facility, gas and water gathering lines and associated infrastructure such as buildings, 
tanks and ponds. Roads, drains, fences, material, equipment, wastes and hardstands will be removed 
and disposed (if required) offsite.  

When all equipment, structures and imported materials have been removed there should be 
assessment and remediation and rehabilitation of any contaminated areas, then subsequently grading 
and revegetating the site returning it to a condition as close to its original state as practicable. This 
includes the re-establishment of original topography and drainage (including pre-existing erosion 
management structures) as far as practical and remediation of soil fertility and structure. 
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Areas which are not returned to pre-development conditions are those which are to be maintained by 
either land owners or others upon agreement. These areas should be assessed and determined prior 
to decommissioning.  

It has been assumed that Australia Pacific LNG will base future rehabilitation programs on previous 
successful programs as a minimum. These programs should incorporate comprehensive rehabilitation 
monitoring and not declared completed until the area is approved by the land owner. 
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8. Summary of environmental values, sustainability 
principles, potential impacts and mitigation measures 

A summary of the environmental values, sustainability principles, potential impacts and mitigation 
measures in relation to terrain and soil management is presented below in Table 8.1.  

In addition, Table 8.1 includes the residual risk levels for land management. A risk assessment has 
been undertaken to identify the potential risks, causes and consequences to land from the LNG plant 
development. Mitigation measures to reduce the risk have been nominated and the residual risk has 
been calculated. Further details on the risk assessment methodology are provided in Volume 1 
Chapter 4. 
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9. Limitations and assumptions 

This assessment of soil conditions within the study area was based on government supplied 
information and a suitably scaled field assessment. It does not constitute a detailed investigation that 
would be used for engineering design purposes. The information provided in this assessment is 
directly relevant only to the points in the ground where they were obtained at the time of the 
assessment, considered indicative of field conditions and appropriate to the scale of the Project. The 
precision with which conditions are indicated depends largely on the frequency and the method of 
sampling and the uniformity of conditions, and is considered indicative of field conditions. 
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Appendix A Abbreviations and Glossary 
Abbreviations 

AASS Actual acid sulfate soil 

ASS Acid sulfate soil 

Ca Calcium 

CEC Cation exchange capacity 

Cl Chloride 

DERM Department of Environment and Resource Management 

DNR Queensland Department of Natural Resources 

DNR&W Queensland Department of Natural Resources and Water 

DNRM Queensland Department of Natural Resources and Mines 

DPI Queensland Department of Primary Industries 

EC Electrical conductivity 

EHS Extremely high strength 

EPA Environmental Protection Agency 

ESP Exchangeable sodium percentage 

Fe Iron 

FEED Front end engineering and design 

GQAL Good quality agricultural land 

HW Highly weathered 

K Potassium 

LS Low strength 

Mg Magnesium 

MS Medium strength 

MW Moderately weathered 

Na Sodium 

P Phosphorus  

PASS Potential acid sulfate soils 

PAWC Plant available water capacity 

SAR Sodium adsorption ratio 

SO4 Sulfate 

SW Slightly weathered 
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TAA Titratable actual acidity 

TKN Total Kjeldahl Nitrogen 

UTM Universal Transverse Mercator 

VHS Very high strength 

XW Extremely weathered 

 

Glossary 

A horizon The original top layer of mineral soil divided into A1 (typically from 5 to 30 cm thick; 
generally referred to as topsoil with a high content of organic matter, dark colour and 
maximum biological activity) and A2 horizons (usually 5 – 70 cm thick; similar texture to A1 

but paler in colour, poorer in structure and less fertile). 

acid soil Any soil with a pH of less than 6.5. 

aggregate (soil) A unit of soil structure consisting of primary soil particles held together by cohesive forces 
or by secondary soil materials such as iron oxides, silica or organic matter. Aggregates 
may be natural, such as peds. 

alkaline soil, 
alkalinity 

Alkaline soils have laboratory measured pH values >8.5. Alkalinity may inhibit the growth 
of plants. 

alluvial terrace Former floodplain which either no longer floods or rarely floods due to deepening or 
enlargement of the stream channel. 

alluvium Sediment deposited from the transport by channelled stream flow or over-bank stream 
flow. 

andesite Fine-grained volcanic rock composed of andesine (plagioclase) with one or more mafic 
constituents. 

apedal In the moderately moist to moist state, none of the soil material occurs in the form of peds; 
it is massive or single-grained and when disturbed, separates into fragments or primary 
particles. 

ASC Australian Soil Classification—It is a multi-category scheme with classes defined on the 
basis of diagnostic horizons or materials and their arrangement in vertical sequence as 
seen in an exposed soil profile. 

available soil water That part of the water in the soil that can be absorbed by plant roots that can be held 
between field capacity and the moisture content at which plant growth ceases. 

available water 
holding capacity 

The ability to hold that part of the water in the soil that can be absorbed by plant roots. 
Available water is the difference between field capacity and permanent wilting point. 

B horizon The layer of soil below the A horizons, usually of finer texture (i.e., more clayey), denser 
and stronger in colour. Thickness ranges from 10 cm to 2 m thick and is divided into B1 
and B2 horizons. 

bolus A small handful of soil which has been moistened and kneaded into a soil ball which just 
fails to stick to the fingers. 
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boundaries (soil) The boundary between soil horizons defines the nature of the change from one horizon to 
that below. It is specified by two terms—one a measure of the width of the transition zone 
between the two horizons, the other a description of its shape. 

C horizon Layers below the B horizon which may be weathered, consolidated or unconsolidated 
parent material little affected by biological soil-forming processes. 

Cainozoic Geological period 65 million years ago to present. 

Chromosol ASC Soil Order classification—Soils with a clear or abrupt textural B horizon where the 
major half of the B2horizon is not strongly acid (i.e. >pH5.5) and non-sodic (can be sodic 
at depth). 

clastic Rocks built up from fragments of pre-existing rocks generated by weathering and erosion 
and transported to a point of deposition. 

colluvium Unconsolidated soil and rock material transported largely by gravity (i.e., mass movement: 
landslide, mudflow, creep or sheetflow), deposited on a lower slope and/or at the base of 
a slope. Does not have bedding structure such as alluvium and is has more variable grain 
size. 

Cretaceous Period of geological time, 144 – 65 million years before present. 

deltaic Sediments deposited at the mouth of a river where it enters a lake or the sea. 

Dermosol ASC Soil Order classification—Other soils with B2horizons that have structure more 
developed than weak throughout the major part of the horizon, generally non-sodic 
subsoil, generally gradational textured soils (gradual boundaries). 

Devonian Geological period 395 – 345 million years ago. 

Ferrosol ASC Soil Order classification—Soils with B2 horizons in which the major part has a free 
iron oxide content greater than 5% Fe in the fine earth fraction (<2 mm). Soils with a 
B2horizon in which at least 0.3 m has vertic properties are excluded. 

fluvial Material deposited by rivers and streams. 

fore-arc A forearc is a depression in the sea floor located between a subduction zone and an 
associated volcanic arc. 

fossiliferous Fossil containing rock formations. 

gilgai Microrelief associated with soils containing shrink-swell clays. 

granite A granular igneous rock composed chiefly of felspar (orthoclase) and quartz, usually with 
one or more other minerals, as mica, hornblende, etc. 

granodiorite Plutonic rock consisting of potassium felspar, quartz, plagioclase, biotite and hornblende. 
Granodiorite is an intermediate between quartz, monzonite and quartz diorite. 

gravel The amount (visual abundance estimate) of gravel-sized (>2 mm) materials that occur on 
the surface and in the A1 horizon and include hard (when moist), coarse fragments and 
segregations of pedogenic origin. 

gravely Over 60% of surface cover consists of gravel (2 - 60 mm). 

GSG Great Soil Groups of Australia (as defined by Stace et al 1968), described in terms of 
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morphology, genesis and land use. 

Holocene Present geological epoch which commenced 10 000 years ago. 

Horizon A layer within the soil profile with morphological characteristics and properties different 
from layers below and/or above it. 

Jurassic Geological period 295 - 135 million years ago. 

Kandosol ASC Soil Order classification—Other soils that are lacking a strong texture contrast and (i) 
have well-developed B2 horizons in which the major part is massive or has only a weak 
grade of structure, and (ii) have a maximum clay content in some part of the B2 horizon 
which exceeds 15%. 

Kurosol ASC Soil Order classification—Soils with a clear or abrupt textural B horizon and in which 
the major part of the upper 0.2 m of the B2 horizon (or the major part of the entire B2 
horizon if less than 0.2 m thick) is strongly acid (i.e. pH<5.5). 

lacustrine sediment Sediment mass deposited from transport by waves and from sediment solution and 
suspension in still water in a closed depression on land. 

Lithosol GSG classification—A shallow soil showing minimal profile development and dominated 
by the presence of weathering rock and rock fragments. Lacking horizons other than an A1 

(one layer only). 

loam A medium, textured soil of approximate composition 10 - 25% clay, 25 - 50% silt and 
<50% sand. 

melonhole Irregularly distributed large depressions within soil surface, usually greater than 3m in 
diameter. 

mottled horizon A horizon in which mottle abundance is greater than 10% (visual abundance estimate) 
and contrast between colours is distinct and prominent. 

mottling The presence of more than one soil colour in the same soil horizon, not including different 
nodule or cutan colours. 

oolitic Sedimentary rock consisting of ooids 

Palaeocene Period of geological time, 65 – 54.8 million years before present. 

paludal Sediments that accumulated in a march environment. 

paralic Sedimentary basins developed in marginal marine environments, i.e. lagoons, littoral 
basins. 

ped An individual, natural soil aggregate. 

Permian Period of geological time, 290 – 248 million years before present.  

Pleistocene First epoch of the Quaternary period, from 2 million years ago to 10 000 years ago. 

Quaternary Period of geological time covering the Holocene plus the Pleistocene. Up to 2.6 million 
years ago. 

red earths GSG classification—Massive, reddish sandy profiles with a gradual increase in clay 
content with depth over a diffuse to gradual boundary. 

Rudosol ASC Soil Order classification—Soils with negligible pedologic organisation. They are 
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usually young soils in the sense that the soil forming factors have had little time to 
pedologically modify parent rocks or sediments. The component soils can vary widely in 
terms of texture and depth. 

sheet erosion The removal of the upper layers of soil by raindrop splash and/or runoff. 

silt Fine soil particles in the size range 0.02 - 0.002 mm. 

skeletal soils Thin soils. 

Sodosol ASC Soil Order classification—Soils with strong texture contrast between A horizons and 
sodic B horizons which are not strongly acid. 

solum The upper part of a soil profile above the parent material in which current processes of soil 
formation are active. This is where the living roots and other plant and animal life 
characteristics are exhibited. 

structure (soil) Is concerned with the arrangement of all soil particles and refers to the distinctness, size, 
shape and condition of the peds. 

Tertiary Period of geological time, 2 – 65 million years before present. 

texture A measure of the behaviour of a small handful of soil when moistened and kneaded into a 
ball (bolus) and then pressed out between the thumb and forefinger. 

topsoil A part of the soil profile, typically the A1 horizon, containing material which is usually 
darker, more fertile and better structured than the underlying layers. 

Triassic Period of geological time, 180 – 230 million years before present. 

Vertosol ASC Soil Order classification—Clay soils with shrink-swell properties that exhibit strong 
cracking when dry and at depth have slickensides and/or lenticular structural aggregates. 
Although many soils exhibit gilgai microrelief, this feature is not used in their definition. 
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Appendix B Summary of field data and results 
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Appendix C Laboratory analysis plan 
Sample location Sample Emerson 

Class
pH/EC TKN 

/P
CEC Exchangeable 

cations 

OB03 0.0-0.1  x x x x 

OB03 0.9-1.0 x x  x x 

OB04 0.0-0.1  x x x x 

OB04 0.3-0.4      

OB05 0.0-0.1  x x x x 

OB05 0.9-1.0 x x  x x 

OB07 0.0-0.1  x x x x 

OB07 0.9-1.0 x x  x x 

OB09 0.01-0.15  x x x x 

OB11 0.0-0.1  x x x x 

OB11 0.7-0.85 x x  x x 

OB12 0.0-0.1  x x x x 

OB12 0.9-1.0 x x  x x 

OB13 0.0-0.05  x x x x 

OB13 0.6-0.7 x x  x x 

OB14 0.0-0.1  x x x x 

OB14 0.7-0.85 x x  x x 

OB16 0.0-0.1  x x x x 

OB17 0.0-0.1  x x x x 

OB17 0.6-0.7 x x  x x 

OB23 0.0-0.1  x x x x 

OB23 0.9-1.0 x x  x x 

OB24 0.0-0.1  x x x x 

OB24 0.8-0.9 x x  x x 

OB25 0.0-0.1  x x x x 

OB26 0.0-0.1  x x x x 

OB26 0.9-1.0 x x  x x 

OB27 0.0-0.1  x x x x 

OB27 0.4-0.5 x x  x x 
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Sample location Sample Emerson 
Class

pH/EC TKN 
/P

CEC Exchangeable 
cations 

OB29 0.0-0.1  x x x x 

OB29 0.4-0.5 x x  x x 

OB30 0.0-0.1  x x x x 

OB30 0.7-0.8 x x  x x 

OB31 0.0-0.1  x x x x 

OB32 0.01-0.1  x x x x 

OB34 0.01-0.1  x x x x 

OB35 0.1-0.2  x x x x 

OB36 0.01-0.1  x x x x 

OB36 0.9-1.0 x x  x x 

OB37 0.0-0.1  x x x x 

OB37 0.9-1.0 x x  x x 

OB38 0.0-0.05  x x x x 

OB38 0.5-0.6 x x  x x 

OB39 0.0-0.1  x x x x 

OB39 0.9-1.0 x x  x x 

OB40 0.0-0.1  x x x x 

OB40 0.6-0.7 x x  x x 

OB41 0.0-0.1  x x x x 

OB41 0.9-1.0 x x  x x 

OB42 0.0-0.1  x x x x 

OB42 0.9-1.0 x x  x x 

OB43 0.01-0.15  x x x x 

OB45 0.0-0.1  x x x x 

OB45 0.9-1.0 x x  x x 

OB46 0.0-0.1  x x x x 

OB46 0.9-1.0 x x  x x 

OB47 0.0-0.1  x x x x 

OB47 0.9-1.0 x x  x x 

OB49 0.01-0.1  x x x x 
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Sample location Sample Emerson 
Class

pH/EC TKN 
/P

CEC Exchangeable 
cations 

OB49 0.9-1.0 x x  x x 

OB50 0.0-0.1  x x x x 

OB50 0.9-1.0 x x  x x 

OB51 0.0-0.1  x x x x 

OB51 0.9-1.0 x x  x x 

OB52 0.01-0.1  x x x x 

OB52 0.9-1.0 x x  x x 

OB54 0.01-0.1  x x x x 

OB54 0.9-1.0 x x  x x 

OB55 0.0-0.1  x x x x 
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Appendix D Laboratory certificates 
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Appendix E Photographs of soils 



 
 

Photo 1: OB03 / 0.0 - 1.0 m 
 

 
Photo 2: OB04 / 0.0 - 0.4m 



 
Photo 3: OB05 / 0.0 – 1.0m 

 
Photo 4: OB07 / 0.0 – 1.0m 



 
Photo 5: OB09 / 0.0 – 0.2m 

 
Photo 6: OB11 / 0.0 – 0.85m 



 

Photo 7: OB12 / 0.0 – 1.0m 

 

 
Photo 8: OB13 / 0.0 – 0.7m 



 

Photo 9: OB14 / 0.0 – 0.85m 

 
 

Photo 10: OB16 / 0.0 – 0.4m 



Photo 11: OB17 / 0.0 – 0.7m

Photo 12: OB23 / 0.0 – 1.0m



Photo 13: OB24 / 0.0 – 0.9m

Photo 14: OB25 / 0.0 – 0.4m



Photo 15: OB26 / 0.0 – 1.0m

Photo 16: OB27 / 0.0 – 0.5m



Photo 17: OB29 / 0.0 – 0.5m

Photo 18: OB30 / 0.0 – 0.8m



Photo 19: OB31 / 0.0 – 0.3m

Photo 20: OB32 / 0.0 – 0.3m



 

 
Photo 21: OB34 / 0.0 – 0.4m 

 
 

Photo 22: OB35 / 0.0 – 0.4m 



Photo 23: OB36 / 0.0 – 1.0m

Photo 24: OB37 / 0.0 – 1.0m



Photo 25: OB38 / 0.0 – 0.7m

Photo 26: OB39 / 0.0 – 1.0m



Photo 27: OB40 / 0.0 – 0.7m

Photo 28: OB41 / 0.0 – 1.0m



Photo 29: OB42 / 0.0 – 1.0m

Photo 30: OB43 / 0.0 – 0.3m



Photo 31: OB45 / 0.0 – 1.0m

Photo 32: OB46 / 0.0 – 1.0m



Photo 33: OB47 / 0.0 – 1.0m

Photo 34: OB49 / 0.0 – 1.0m



Photo 35: OB50 / 0.0 – 1.0m

Photo 36: OB51 / 0.0 – 1.0m



Photo 37: OB52 / 0.0 – 1.0m

Photo 38: OB54 / 0.0 – 1.0m



Photo 39: OB55 / 0.0 – 1.0m


