





Waikato Thoroughbred Racing (WTR) has engaged BCD Group Ltd to prepare a referral application under the Fast
Track Approvals Act 2024 to develop a greenfield thoroughbred racing and equine hub.

The purpose of the Project is to create a unique, world class greenfield racing hub designed for horse training,
racing and other equine related activities, while bringing the expertise and strength of the local racing fraternity
together in a centralised location.

This enables the local racing industry to be more streamlined, competitive, sustainable and future focused while
bringing potential international investment and creating a ‘destination’ for horse racing in New Zealand, also
increasing tourism opportunities for the wider region.

A key driver behind the proposed greenfield equine hub and racecourses is enabling the consolidation of four
separate racecourse facilities (Te Rapa, Waipa and Cambridge thoroughbred courses, and the Cambridge harness
track).

These facilities duplicate assets and resources and, given their current condition require significant levels of
upgrades and investment to provide fit-for-purpose facilities that meet the higher standards of the modern-day
racecourse experience. The retirement of these areas also frees up significant tracts of land within existing urban
areas for future development, increasing housing supply.

To support the development’s financial viability and enhance the site’s long-term vibrancy as a racing,
entertainment, commercial and community precinct, the proposal includes a range of complementary activities
on the remaining land.

These include equine support services, rural residential housing, a retirement living community, a village centre
and a bloodstock sales precinct.

As part of this undertaking BCD Group has completed a preliminary assessment of the risk associated with acid
sulfate soils at the Site due to the Waikato Regional Council acid sulfate risk screening map showing the Site as in
a medium / high risk area.

This report represents a desktop assessment for the presence of acid sulfate soils, including undertaking field
screening of 28 samples at six sampling locations.

All sampling locations had at least one indicator of the presence of acid sulfate soils. Based on this assessment,
acid sulfates are potentially present and cannot be conclusively ruled out when adhering the Waikato Regional
Council “Acid Sulfate Soils Decision Tree”. Therefore, the production of a more comprehensive Acid Sulfate
Management Plan (ASMP) is recommended once the civil earthworks related design progresses past concept. The
ASMP will provide an integrated management approach to earthworks that incorporates the handling and
management of acid sulfate soils, mitigating potential risks posed by exposing acid sulfate soils during the work.

This report is subject to, and must be read in conjunction with, the limitations set out in Section 9.
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1.1 Background

BCD Group have been engaged by Waikato Thoroughbred Racing (WTR) to undertake a Preliminary Site
Investigation (PSI) of the farmland properties where the development is proposed, located at Pencarrow Road,
Tamahere, Waikato (the Site). The Site location is show in Appendix A.

The purpose of the Project is to create a unique, world class greenfield racing hub designed for horse training,
racing and other equine related activities, while bringing the expertise and strength of the local racing fraternity
together in a centralised location.

This enables the local racing industry to be more streamlined, competitive, sustainable and future focused while
bringing potential international investment and creating a ‘destination’' for horse racing in New Zealand, also
increasing tourism opportunities for the wider region.

A key driver behind the proposed greenfield equine hub and racecourses is enabling the consolidation of four
separate racecourse facilities (Te Rapa, Waipa and Cambridge thoroughbred courses, and the Cambridge harness
track).

These facilities duplicate assets and resources and, given their current condition require significant levels of
upgrades and investment to provide fit-for-purpose facilities that meet the higher standards of the modern-day
racecourse experience. The retirement of these areas also frees up significant tracts of land within existing urban
areas for future development, increasing housing supply.

To support the development’s financial viability and enhance the site’s long-term vibrancy as a racing,
entertainment, commercial and community precinct, the proposal includes a range of complementary activities on
the remaining land. These include equine support services, rural residential housing, a retirement living community,
a village centre and a bloodstock sales precinct

Masterplans for the Site are included in Appendix B.

This plan shows:

e A main track, backtrack, warmup track and harness track
e Stabling and support areas for events

e Carparking

e Commercial and residential development

e irrigation ponds

Earthworks across the Site will be required for:

e Excavation of the irrigation pond

e  Stripping of topsoil and levelling of the Site

e Recontouring of the Site

e Demolition of existing structures at the Site

e  Construction of foundations

e Development of roads and other surface infrastructure
e Development of subsurface infrastructure.

Depths of excavations, earthworks staging and excavation methodology are currently unknown. Currently a rough
approximation of these puts cut and fill volumes at 37,000 m3 and 30,000 m3, with a maximum cut depth of 4 m
and a maximum fill depth of 3 m. In addition to this cut and fill, a 300,000 m3 cut may be required for the removal
of topsoil and 40,000 m3 fill for the infilling of drains. The final site cover will vary across the Site and will include
racetrack, grassed areas and impermeable surfaces.

The Site has been identified on the Waikato Regional Council Acid Sulfate Soils risk map as a high and medium risk
area. Acid sulfate soils are soils containing iron sulfates. The exposure of these to oxygen and water leads to the
generation of sulfuric acid. The subsequent leachate can then cause the mobilisation of metals, and impact
subsurface infrastructure.
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Acid sulfate soils are divided into two categories:

e Actual acid sulfate soils are acid sulfate soils which are already acidic and presently generating acid via
the oxidation sulfate. They tend to have a pH less than 4, however a pH ranging between 4-5 may indicate
some existing acidity.

e Potentially acid sulfate soils are acid sulfate soils having unoxidized sulfate. These contain the potential
for future oxidation and generation of acids. When left in a waterlogged state they do not tend to pose a
significant risk, however if drained or excavated they can oxidise and turn into actual acid sulfate soils.
Potential acid sulfate soils tend to have a pH of greater than 4 and are commonly neutral.

Actual and potentially acid sulfate soils can be part of the same soil horizons, with the actual acid sulfate soils
overlying the potential acid sulfate soils

1.2 Purpose

The purpose of this assessment is to undertake a desktop assessment for the potential risk of acid sulfate soils
being present at the Site, followed by some high-level screening to field truth the findings of the desktop
assessment, inform potential site selection choices, and make recommendations as to further assessment which
may be required.

1.3 Scope

The following scope of works was undertaken as part of this assessment

e Undertake a desktop assessment including a review of the relevant background information including
regional council information

e Collect samples at the site and undertake a field screening assessment for the potential presence of acid
sulfate soils

e Document the above in a report, including recommendations for further assessment (if required).

1.4 Assumptions

BCD has made the following assumptions as part of this assessment:

e Information obtained from client and third parties is complete and accurate, and represents the current
planning for the Site.

e The observations made during this investigation are representative of the conditions that have occurred
or are occurring within or adjacent to the Site

2.1 Waikato Regional Council

Waikato Regional Council considers discharges from acid sulfate soils to be regulated by Section 15 of the
Resource Management Act (1991) as, through the activity of a person, acid sulfate soils may discharge
contaminants including acid or mobilise hazardous substances such as metals via the activities of a person. This
discharge may then change the physiochemical and biological condition of the land and / or water where it is
discharged.

Consequently, acid sulfate soils are regulated under the Waikato Regional Plan rules, as a land disturbance activity
under rules in Section 5.1 of the plan (which regulates soil disturbance) and Section 5.2 of the plan (managing
discharges onto or into land). Additionally, Section 3.5 (managing discharges to water) may be relevant in some
cases.

As per the WRC acid sulfate guidance document (Waikato Regional Council, 2025), WRC considers assessment of
the risk of acid leaching potential from ASS for resource consents is likely to be required for land disturbance
activities where:
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e Disturbance is proposed to occur in an area identified in the Waikato Region - Acid Sulfate Soils
Preliminary Risk Assessment map as having a ‘medium’ or ‘high’ probability of occurrence of acid sulfate
soils; and

e  The disturbance will be:

0 Greater than 250 m3

o Deeperthan1m,and/ or

0 Associated with a drainage activity, and / or

o If there are any other factors associated with the proposed activity that might increase the risk
of disturbance of acid sulfate soils.

Where a discharge of contaminants is otherwise identified and is not regulated by any specific rule, it is considered

a discretionary activity.

2.2 WRC acid sulfate soil risk assessment

WRC undertook a spatial assessment to assess the potential presence of acid sulfate soils across the Waikato
region (Waikato Regional Council, 2024). This was used to develop a risk screening map, ranking the areas across
the Waikato based on a higher, medium, or lower risk for the presence of acid sulfate soils.

A map showing the risk areas of the Site is included in Appendix C.
Most of the Site is underlain by a medium risk ranking for acid sulfate soils, with a band of high potential risk running

through the middle. An area of the western boundary of the Site shows lower risk soils.

2.3 Applicability to Site

The WRC acid sulfate guidance (Waikato Regional Council, 2025) outlines a decision tree, based on the Tasmania
Department of Primary Industries, Parks, Water and Environment (DDPIPWE) Tasmanian Acid Sulfate Soil
Management Guidelines (TDPIPWE, 2009). A copy of the decision tree is shown below in Figure 1 below.

P:\23-1883 Waikato Thoroughbred Racing\120 Environmental\1. Contaminated Land\ASSMP\Report\26-04-17 Acid Sulfate Assessment 23-1883.docx

































8.1 Summary

BCD has undertaken a desktop assessment of the Site for the presence of acid sulfate soils. The desktop
assessment has identified that the Site is regarded as high risk by WRC for the presence of acid sulfate soils.

A site inspection did not identify indicators of acid sulfate soils such as distressed vegetation or clear or milky
green water in the drains at the Site.

Six locations were field screened for the presence of acid sulfate soils. Field observations identified mottled soils
underlying the site, showing the potential presence of iron.

Field screening of samples at the Site identified that all six locations had at least one of the five indicators of the
potential presence of acid sulfate soils in one sample. No vertical relationship between these could be identified.
No relationship between the results of the field screening and the higher and medium risk areas of the Site could
be delineated.

8.2 Further assessments

While the presence of acid sulfate soils at the Site has not been confirmed, the field observations and sampling
align with the WRC mapping programme and identify that there is a risk of acid sulfate soils underlying the Site.
These may cause a discharge if they are disturbed.

WRC considers that the potential discharge would be a Discretionary Activity (as discussed in Section 2.1).
Following the decision tree outlined in the WRC guidance, the best pathway for consenting includes undertaking a
more in-depth assessment to confirm the presence of acid sulfate soils and development of a management plan
to manage the soils. This assessment would allow for more certainty around the presence (if any) and potential
impacts of the acid sulfate soils at the Site. This would provide:

e Guidance for the management requirements for earthworks to mitigate the effects from the earthworks
at the Site.

e Potential treatment requirements for soils to mitigate the generation of acid

e Agreater level of delineation of the acid sulfate soils at the Site to more allow more effective management
and design for the Site.

e Information which to be used in the detailed design of subsurface infrastructure at the Site (such as the
choice of materials used in the assets, treatment options for the soil to protect the asset, or the anticipated
lifespan of the asset)

e Inform soil reuse and disposal options for soil at the Site. These would otherwise potentially be limited
due to the discharge from the excavated soils, or restrictions on landfill acceptance of potentially acid
sulfate containing soils.

Currently the design of the Site has not been confirmed, and indicative areas and depths of soil disturbance have
been provided. Future sampling would be targeted towards the areas of the Site where soil disturbance is to be
undertaken, especially in areas where excavations were anticipated to be below the groundwater table and
exposing unoxidised sulfates to oxygen.

It is noted that while the Site is in a medium and higher risk area, over 17% of the Waikato is classified in one of
these categories. An excerpt from the risk map showing the Cambridge — Te Awamutu — Hamilton region and the
areas of risk are shown in Figure 4 below.
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e To support an application for a land use resource consent an Acid Sulfate Management Plan (ASMP)
should be developed that will address the investigation, sampling, handling and disturbance of soils
associated with the construction of the racing facility.

e That the ASMP should incorporate the management of acid sulfate soils, erosion and sediment control,
dust management, and contamination management as it relates to the construction of the racing facility.

The recommendations and opinions made in this report are based upon data from observations made on-site,
conducted hand augers at discrete locations. Inferences about the nature and continuity of subsoils away from the
exploration holes are made but cannot be guaranteed. Actual conditions onsite may vary more gradually or abruptly
than that inferred from the investigations. Steps can be taken to reduce the likelihood of unexpected conditions
arising onsite. As the soil conditions are created and vary by natural processes and human activity, the report is
based on soil conditions at the time of the investigation. Soil conditions onsite can change, particularly after long
periods of time from the date of investigation.

This report has been prepared for our client for their purposes and the regulatory authority in relation to the consent
application within the scope of this report. It is based on our understanding of the proposed development. Should
any changes to the nature of the development occur, BCD should be asked to provide comment on the ongoing
applicability of recommendations made in this report. It is not to be relied upon or used out of context by any other
person without reference to BCD Group Ltd. The reliance by other parties on the information or opinions contained
in this report shall, without prior review and agreement in writing, be at such parties’ sole risk. To avoid
misinterpreting this report, we recommend that the assistance of geotechnical professionals familiar with the
project and scope of this report is maintained.

This report covers acid sulfate soil risk considerations only. This report does not assess risk of contamination of
soils, geotechnical advice or provide an assessment of flood risk and FFL recommendation. We recommend the
proposed works be checked against current District and Regional Council plans or checked by a registered planner.
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Appendix A Site plan












Appendix B Proposed master plans
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Appendix C Acid sulfate soil risk map






Appendix D Historic aerial photography









Appendix E Sample results






Soil Description Field Test Data
e . < Scala Penetrometer
Log |dent|flcat|0n. HA02 - g (blows per 100mm drop)
R.L. Coordinates (NZTM): 2 |5
° . . . = © _
2 NZVD2016: 55m N: 5807506.46, E: 1810136.80 5 |2 Plotof Scalaresuts | Z
[0}
E|® Elz s |e e
s o Sle|2 S § c o
= © ® o |2 > £ € 8 ° ° g
¢ |3 |- - s |ElxF5F 2z [BS =84 & |3
Z | & |Field Description 6 |8 |2=[e=]| 8 | ® 123456 789103
TOPSOIL,; dark brown. Moist. » 1
= 2
SILT with trace fine sand; orange brown. Stiff to very stiff, moist, sensitive, non- 2
plastic. 83| 15| 55 2
1
0.5 - Colour becoming greyish orange. 05 1
182| 35| 5.2 3
- 2
E Silty fine SAND; light grey. Loose to dense, wet c 3
3 - Becoming saturated S 3
- [ 1.0 s |10
o) g 4
2 - Sand becoming fine to medium. US_ 4
i Gravelly fine to medium SAND; greyish brown. Medium dense to dense saturated. | « 7
S Gravels fine to medium and subrounded g 9
I c
= 9
1.5 T |15
10
5
4
Sandy SILT; light greyish brown. Stiff, insensitive, saturated slightly plastic. 64 | 42 | 1.5 5
7
2.0 2.0
5
Fine to medium SAND; greyish brown. Medium dense, saturated. 5
End of hand auger at 2.2m - Continual collapse. 6
6
5
25 25
6
6
4
3 [
3.0 3.0
35 35
4.0 4.0
45 4.5
5.0 5.0
55 55
Groundwater encountered at 0.9m after testing.
Notes:

1. The stratification lines represent the approximate boundary between soil types and the transition may be gradual.

2. OB refers to hand auger over bored. HW refers to scala falling under the weight of the hammer. TS refers to topsoil. * refers to consistency based on diagnostic features

3. Soils have been described in general accordance with NZ Geomechanics Society "Guideline for the Field Classification and Description of Soil and Rock for Engineering Purposes",
December 2005

4. Vane shear strengths (where reported) have been corrected in general accordance with NZ Geotech Society Inc. "Guideline for Hand Held Shear Vane Test", August 2001.

5. Scala Penetrometer testing (where reported) has been carried out in general accordance with NZS 4402 Test 6.5.2.

6. Coordinates (where reported) are presented in NZTM2000 to an accuracy of +5m.

7. Shear vane results are multiplied by factor A and plus factor B where applicable

Job Number: 23-1883 Shear Vane 1D:3294 (19mm blade)

Client: Calibration Expiry Date:  5/08/2026
Shear Vane Factors: A: 1.513

Location: Pencarrow Road / Hooker Road / Duncan Road

Date Of Investigation: 13/11/2025 Logged By: OT Checked By: LR
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Soil Description Field Test Data
e . < Scala Penetrometer
Log |dent|flcat|0n. HA03 - g (blows per 100mm drop)
R.L. Coordinates (NZTM): 2 |5
° . . . = © _
2 NZVD2016: 55m N: 5807064.54, E: 1810112.59 5 |2 Plotof Scalaresuts | Z
[0}
E|l 7w Ela g |e ° e
c| g S le|2 |s = |3 c g
® 2 3 2 |<c = = S5 |12 o = Q 2
g sl 3|2 8p8 g2 ¢ ¢
- o 3|3 35|57 2 : 23 248 8 | 3
Z | & |Field Description 6 |8 |2=[e=]| & | ® 123456 78910/ F
TOPSOIL; dark brown. Moist. TS 2
Sandy SILT; light orange brown with orange streaks. Stiff, moist, moderately 3
sensitive, slightly plastic. 2
- becoming moderately plastic and wet. 98 | 30 | 3.3 2
05 Silty fine SAND; light greyish brown with orange mottles. Loose to medium dense, 05 4
7 |wet. ) 2
- 2
E Sandy SILT; light grey. Very stiff, wet, sensitive, moderately plastic. Sand is fine. s 2
3 S s
5 |10 g 10|08 23| 47| 8
5’ " |Silty fine to medium SAND; light grey. Loose to dense, saturated. g ) 5
©
o 5 4
c = 4
© £
* T 3 [N
5
1.5 1.5
4
3 [
- 10mm thick organic silt. 8
Sandy SILT; light brown. Stiff to very stiff*, saturated, slightly plastic. 6
20 _ 20 S
End of hand auger at 2.0m - No sample retained. 8
6
4
8
9
25 25
4
3.0 3.0
35 35
4.0 4.0
45 45
5.0 5.0
55 55
Groundwater encountered at 1m during testing.
Notes:

1. The stratification lines represent the approximate boundary between soil types and the transition may be gradual.

2. OB refers to hand auger over bored. HW refers to scala falling under the weight of the hammer. TS refers to topsoil. * refers to consistency based on diagnostic features

3. Soils have been described in general accordance with NZ Geomechanics Society "Guideline for the Field Classification and Description of Soil and Rock for Engineering Purposes",
December 2005

4. Vane shear strengths (where reported) have been corrected in general accordance with NZ Geotech Society Inc. "Guideline for Hand Held Shear Vane Test", August 2001.

5. Scala Penetrometer testing (where reported) has been carried out in general accordance with NZS 4402 Test 6.5.2.

6. Coordinates (where reported) are presented in NZTM2000 to an accuracy of +5m.

7. Shear vane results are multiplied by factor A and plus factor B where applicable

Job Number: 23-1883 Shear Vane 1D:3294 (19mm blade)

Client: Calibration Expiry Date:  5/08/2026
Shear Vane Factors: A: 1.513

Location: Pencarrow Road / Hooker Road / Duncan Road

Date Of Investigation: 12/11/2025 Logged By: OT Checked By: LR
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Soil Description Field Test Data
e . < Scala Penetrometer
LOQ |dent|flcat|0n. HAO7 - g (blows per 100mm drop)
R.L. Coordinates (NZTM): 2 |B
2 NZVD2016: 54m N: 5807673.70, E: 1809818.62 5 |2 Plotof Scalaresuts | Z
E|e Elw |8 |e -
s | s Sle|2 (3 3 c £
B © © © > > € [
5| E SlElE s |28z 38 ¢t
b7 £ o S |lx3IT o] @ o O L o @ =]
) o . Lo 3 I A R 2 g = 3 =0 a o
Z | & |Field Description 6 |la|f=2le=| & | & g1 234567809109
TOPSOIL,; dark brown. Moist. 1
TS 2
SILT; light orange brown. Stiff to very stiff, moist, moderately sensitive to sensitive, 2
non-plastic. 106 | 23 | 4.7 2
0.5 L . 0.5 2
- colour becoming light brown with trace orange mottles. 4
91| 38| 24 2
Fine to medium SAND; light grey with trace orange mottles. Loose to dense, moist. 1
2
5
— 10 100mm thick SILT lens. 10 6
E - Sand becoming silty fine sand. c 4
3 S 5
g ®
S E .
2|15 £ [15 z
2 o
g 5
T 2 6
T
5
- Becoming wet. 9
201, Becoming saturated. 20 6
7
7
6
8
25 25
5
6
7
End of hand auger at 2.8m - No sample retained. 6
3.0 3.0
35 3.5
4.0 4.0
4.5 4.5
5.0 5.0
55 55
Groundwater encountered at 2.2m during testing.
Notes:

1. The stratification lines represent the approximate boundary between soil types and the transition may be gradual.
2. OB refers to hand auger over bored. HW refers to scala falling under the weight of the hammer. TS refers to topsoil. * refers to consistency based on diagnostic features
3. Soils have been described in general accordance with NZ Geomechanics Society "Guideline for the Field Classification and Description of Soil and Rock for Engineering Purposes",

December 2005

4. Vane shear strengths (where reported) have been corrected in general accordance with NZ Geotech Society Inc. "Guideline for Hand Held Shear Vane Test", August 2001.
5. Scala Penetrometer testing (where reported) has been carried out in general accordance with NZS 4402 Test 6.5.2.

6. Coordinates (where reported) are presented in NZTM2000 to an accuracy of +5m.
7. Shear vane results are multiplied by factor A and plus factor B where applicable

Job Number: 23-1883
Client:

Shear Vane 1D:3294 (19mm blade)

Calibration Expiry Date: 5/08/2026
Shear Vane Factors: A: 1.513

Location: Pencarrow Road / Hooker Road / Duncan Road

Date Of Investigation: 14/11/2025

Logged By: SL Checked By: LR
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Soil Description Field Test Data
e . < Scala Penetrometer
LOQ |dent|flcat|0n. HA1 0 - g (blows per 100mm drop)
R.L. Coordinates (NZTM): 2 |B
g . . . = & _
g NZVD2016: 55m N: 5806635.13, E: 1810217.40 5 |2 Plotof Scalaresuts | Z
E| @ Tl s |e e
s o Sle|2 S § c o
= © ® o |2 > £ € 8 ° ° g
2|z sleF 5.2 |8 g8 35 ¢ |¢
- L 3|3 35|57 2 : 23 248 8 | 3
Z | & |Field Description o |8 |2=le=]| 8 | ® 1234586 78 910] O
TOPSOIL,; dark brown. Moist. 1) 4
- 3
Sandy SILT; dark orange brown. Stiff*, moist, slightly plastic. Sand is fine. 2
- colour becoming light orange brown with orange mottling. 2
1
0.5 0.5
4
Silty fine SAND; light brown with orange streaks. Loose, moist. 2
3
Sandy SILT; light brownish grey. Very stiff, moist, sensitive, slightly plastic. 159 23 | 7.0 2
3
~ | 1.0 1.0
[3 6
5 s 8
5:» Silty fine to medium SAND; light brownish grey. Medium dense to dense, moist. k- 17
< |15 ‘s [ 15 8
2 5 16
T 2 12
- Colour includes orange mottling and brown streaks. T 6
7
20" Colour.becomlng dark brown. 20 8
- Becoming wet. 6
- Becoming saturated. 10
- Sand becoming fine 12
12
25 25 18
End of hand auger at 2.7m - No sample retained.
3.0 3.0
35 3.5
4.0 4.0
45 45
5.0 5.0
55 55
Groundwater encountered at 2.1m during testing.
Notes:

1. The stratification lines represent the approximate boundary between soil types and the transition may be gradual.

2. OB refers to hand auger over bored. HW refers to scala falling under the weight of the hammer. TS refers to topsoil. * refers to consistency based on diagnostic features

3. Soils have been described in general accordance with NZ Geomechanics Society "Guideline for the Field Classification and Description of Soil and Rock for Engineering Purposes",
December 2005

4. Vane shear strengths (where reported) have been corrected in general accordance with NZ Geotech Society Inc. "Guideline for Hand Held Shear Vane Test", August 2001.

5. Scala Penetrometer testing (where reported) has been carried out in general accordance with NZS 4402 Test 6.5.2.

6. Coordinates (where reported) are presented in NZTM2000 to an accuracy of +5m.

7. Shear vane results are multiplied by factor A and plus factor B where applicable

Job Number: 23-1883 Shear Vane 1D:3294 (19mm blade)

Client: Calibration Expiry Date:  5/08/2026
Shear Vane Factors: A: 1.513

Location: Pencarrow Road / Hooker Road / Duncan Road

Date Of Investigation: 12/11/2025 Logged By: OT Checked By: LR
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Soil Description Field Test Data
e . < Scala Penetrometer
LOQ |dent|flcat|0n. HA1 1 - g (blows per 100mm drop)
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moist to wet, slightly plastic. 4
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Groundwater encountered at 1.7m after testing.
Notes:

1. The stratification lines represent the approximate boundary between soil types and the transition may be gradual.

2. OB refers to hand auger over bored. HW refers to scala falling under the weight of the hammer. TS refers to topsoil. * refers to consistency based on diagnostic features

3. Soils have been described in general accordance with NZ Geomechanics Society "Guideline for the Field Classification and Description of Soil and Rock for Engineering Purposes",
December 2005

4. Vane shear strengths (where reported) have been corrected in general accordance with NZ Geotech Society Inc. "Guideline for Hand Held Shear Vane Test", August 2001.

5. Scala Penetrometer testing (where reported) has been carried out in general accordance with NZS 4402 Test 6.5.2.

6. Coordinates (where reported) are presented in NZTM2000 to an accuracy of +5m.

7. Shear vane results are multiplied by factor A and plus factor B where applicable

Job Number: 23-1883 Shear Vane 1D:3294 (19mm blade)

Client: Calibration Expiry Date:  5/08/2026
Shear Vane Factors: A: 1.513

Location: Pencarrow Road / Hooker Road / Duncan Road

Date Of Investigation: 10/11/2025 Logged By: SL Checked By: LR
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Soil Description Field Test Data
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TOPSOIL; dark brown with trace fine to medium subangular gravel. Dry. 2
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End of hand auger at 2.4m - No sample retained. 6
25 25 9
6
7
7
3.0 3.0
35 35
4.0 4.0
45 45
5.0 5.0
55 55
Groundwater encountered at 1.5m during testing.
Notes:

1. The stratification lines represent the approximate boundary between soil types and the transition may be gradual.
2. OB refers to hand auger over bored. HW refers to scala falling under the weight of the hammer. TS refers to topsoil. * refers to consistency based on diagnostic features
3. Soils have been described in general accordance with NZ Geomechanics Society "Guideline for the Field Classification and Description of Soil and Rock for Engineering Purposes",

December 2005

4. Vane shear strengths (where reported) have been corrected in general accordance with NZ Geotech Society Inc. "Guideline for Hand Held Shear Vane Test", August 2001.
5. Scala Penetrometer testing (where reported) has been carried out in general accordance with NZS 4402 Test 6.5.2.
6. Coordinates (where reported) are presented in NZTM2000 to an accuracy of +5m.
7. Shear vane results are multiplied by factor A and plus factor B where applicable

Job Number: 23-1883
Client:

Shear Vane 1D:3294 (19mm blade)

Calibration Expiry Date:
Shear Vane Factors:

5/08/2026
A: 1.513

Location: Pencarrow Road / Hooker Road / Duncan Road

Date Of Investigation: 14/11/2025

Logged By: SL

Checked By: LR
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National Acid Sulfate Soils Guidance: National acid sulfate soils sampling and identification methods manual

Appendix A: Soil field tests

This Appendix provides information on how to perform field pH and carbonate tests and interpret
their results. It is important to note that, while a useful exploratory tool, field tests are indicative
only. They cannot be used as a substitute for laboratory analysis to determine the presence or
absence of acid sulfate soils (ASS).

Further laboratory analysis is also needed to quantify the acidity and other hazards.

Details on the laboratory analyses required for ASS are provided in the National Acid Sulfate Soils
Identification and Laboratory Methods Manual (Sullivan et al. 2018b).

Al.1 Soil field test equipment

It is important that prior to conducting the field tests, the appropriate testing equipment is obtained.
For a basic set up the following items are required:

1) pH meter and electrode (charged and calibrated),

2) at least 2 buffer solutions (for example pH 4.0 and pH 7.0),

3) centrifuge tubes or beakers — wide, unbreakable, heat resistant and clear (for example Falcon 50
mL polypropylene),

4) centrifuge tube or jar rack marked with soil sample depths — use a separate rack for pH¢ tests
and pHeox tests in case they bubble over,

5) stirrers for centrifuge tubes,

6) 30% hydrogen peroxide (H,0;) pH adjusted to 4.5-5.5,
7) storage bottle for H,0,,

8) sodium hydroxide (NaOH) to raise pH of peroxide to 4.5-5.5 (pH 5.5 ideal),
9) deionised (DI) water,

10) squirt bottle for DI water,

11) tissues,

12) gloves and safety glasses,

13) protective clothing,

14) bucket to collect used soil and hydrogen peroxide,

15) bucket and brush to clean tubes for next sample,

16) recording sheets,

17) excess water for rinsing,

18) first aid kit — especially eye wash solutions, and

19) 1 M hydrochloric (HCI) acid to test for shell presence.

A1.2 Conducting field tests — some considerations
When the analytical results are reported, both the field test results and informative soil profile
descriptions will aid the interpretation of the laboratory results and help provide a better
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understanding of the soil properties and behaviour on the site, especially with respect to the acidity
hazard.

When performing pHr tests, soil samples must be analysed as soon as possible after sampling. If
Reduced Inorganic Sulfur (RIS) are present, they are often capable of rapid oxidation causing
substantially lowered pHe values. Delayed determinations of pHe may provide results that do not
faithfully represent pH conditions in the field at the time of sampling.

The rate of reaction in the pHeox test is temperature dependent and can take up to an hour to
complete under cold conditions. It is important to allow sufficient time for the reaction to occur,
especially in cool weather.

Field pH tests should be performed on site, however, there are many areas (for example wetlands)
where performing field tests in situ can prove difficult (for example too wet, mosquito problems). In
such situations, samples should be preserved (for example kept on dry ice), taken to a suitable
location for the conduct of field tests and the delay in time between sampling and ‘field’” analysis
recorded with the field test results.

A1.3 On-site chemical and material safety precautions

A1.3.1 Hydrogen peroxide
Care needs to be taken when using hydrogen peroxide (H,0;) in the field. Hydrogen peroxide (30%) is

used as the primary reagent in the pHrox test. The concentration is 10 times stronger than the
peroxide commonly found in household medicine cabinets. The reaction of peroxide with soil
containing RIS may produce sulfurous gases and generate heat in excess of 90 °C.

Caution: 30% hydrogen peroxide is a strong oxidising agent and should be handled carefully with
appropriate eye and skin protection. This test is suitable for experienced operators only.

The peroxide when first received may have a pH of 3.5 or lower. Chemical companies commonly put
stabilisers in the peroxide to prevent it from decomposing and releasing oxygen by keeping the pH
low. The pH required for the pHrox is pH 4.5-5.5; this may be obtained by adding sodium hydroxide
(NaOH; pH14).

Since both of these chemicals are highly corrosive and many of the long-term side effects are not
fully known, it is recommended the following precautions are taken when performing field tests.

Always:

e use gloves, safety glasses, lab coat or protective clothes,

e conduct pH peroxide test in a well-ventilated area,

e use test tubes capable of withstanding rapid heat changes and high temperatures,
e avoid skin and eye contact with peroxide, and

e label all peroxide bottles with safety data information.

A1.3.2 Other chemicals
Several other chemicals are used in the field when sampling suspected ASS materials. Buffering

solutions and potassium chloride (KCl) solutions are used to calibrate and maintain pH meters and
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care should be exercised when using these substances. Follow the appropriate safety directions on
Safety Data Sheets (SDS).

Hydrochloric acid (HCl) is used when performing tests to assess the presence of carbonates in soil
material (see Field carbonate test). Hydrochloric acid is strongly acidic and is very corrosive to the
skin, therefore, caution is required when using it. Again, follow the appropriate directions outlined in
the SDS.

Store HCl separately from buffer solutions as HCl gas may slowly diffuse through the plastic bottles
and alter the buffer solutions.

Al.4 Field pH tests

A1.4.1 Introduction

The pHr and pHrox tests have been developed for rapid assessment in the field for the likelihood of
ASS. These tests are easy to conduct, quick, and have a minimum set-up cost. The field tests have
been developed to give reasonable indication for many soils (provided the tests are performed
properly). Although these field tests may provide an indication of ASS presence, they are purely
qualitative, indicative, and do not give quantitative measures of the amount of acid that has been or
could be produced through the RIS oxidation process.

Field pH tests should be part of any ASS investigation. The field pH tests (both pHe and pHeox) should
be conducted at 0.25 m intervals on the soil profile, ensuring at least one test per soil layer/horizon.

It is recommended that field tests be conducted on-site. If the tests cannot be performed in the field,
tests should be conducted as soon as possible, ensuring appropriate sample and preservation
procedures are observed (see the Sample handling, transport and storage section in Section 6 for
further details) and delays between sampling and the ‘field’ analysis are recorded with the results.

Samples suspected of containing monosulfides should undergo field pH testing immediately.

The field pH tests outlined below are from the Queensland Acid Sulfate Soils Investigation Team
(QASSIT) Acid Sulfate Soils Laboratory Methods Guidelines (Ahern et al. 2004).

A1.4.2 Field pH test (pHr) — NSM-1.1
The procedure for the pHe is outlined below:

e Calibrate battery powered field pH meter according to manufacturer’s instructions.

e Prepare the centrifuge tubes in a tube rack. Mark the rack with the depths to identify the top
and bottom of the profile. Use separate racks for the pHr and pHrox tests to prevent cross
contamination from violent pHrox reactions.

e Conduct tests at intervals on the soil profile of 0.25 m, or at least one test per soil layer/horizon,
whichever is lesser.

e Foreach layer place approximately half a teaspoon of soil into each of the pHr and pHrox tubes. It
is important the two sub-samples come from the same depth and are similar in characteristics.
For example, do not take half a teaspoon of grey mud from the 0—0.25 m depth for one test and
then select half a teaspoon from the same depth layer that has yellow mottles for the other test.
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e Place enough deionised (DI) water in the pHe test tube to make a paste similar to ‘grout mix’ or
‘white sauce’; stir the soil:water paste to ensure all soil ‘lumps’ are removed (demineralised
water can be substituted; never use tap water). Water must be added to the soil samples within
10 min of sampling to reduce the risk of RIS oxidation; monosulfidic material may start to oxidise
in less than 5 min, substantially affecting pHe results.

e Immediately place the pH spear point electrode into the soil:water paste, ensuring the spear
point is completely submerged. Never stir the paste with the electrode as this may damage the
semi-permeable glass membrane.

e  Measure the pHe with the calibrated pH meter.
e Wait for the reading to stabilise and record the pH measurement.
e All measurements should be recorded on a data sheet.

A1.4.3 Field pH peroxide test (pHrox) — NSM-1.2
It is recommended that 30% hydrogen peroxide (H,0;) be used in the pHrox test.

Hydrogen peroxide (30%) is highly corrosive and care should be taken when handling and using the
peroxide. Safety glasses and gloves should be worn when handling and using peroxide. All chemical
bottles should be clearly labelled and Safety Data Sheets (SDS) should be kept with the chemicals at
all times. Appropriate health and safety precautions should be adhered to. Peroxide should be kept
in the fridge when not in use.

The procedure for the field pH peroxide test (pHrox) is outlined below:

e Adjust the pH of the H,0; to between 4.5 and 5.5 before going into the field. While stirring, add
a few drops of dilute NaOH and regularly check the pH with a calibrated electrode until the
correct range is reached. Allow the peroxide to stand for 15 min and then recheck the pH. As
H,0, degrades over time, only buffer small quantities at a time and refrigerate when not in use.

e Calibrate battery powered field pH meter according to manufacturer’s instructions.

e Prepare heat-resistant centrifuge tubes in a tube rack. Mark the rack with the depths to identify
the top and bottom of the profile. Use separate racks for the pHr and pHeox tests to prevent
cross contamination from violent pHeox reactions.

e Conduct pHeox tests at intervals on the soil profile of 0.25 m or at least one per horizon,
whichever is lesser.

e To the pHrox tube, prepared while sampling for pHg, add sufficient 30% H,0, (at room
temperature) to cover the soil, then stir the mixture.

e Rate the reaction of soil and peroxide using the reaction scale in Table Al.

e Allow approximately 15 min for any reactions to occur. The reaction may be rapid and vigorous if
substantial RIS is present. If the reaction is violent and the soil:peroxide mix may overtop the
tube, use a wash bottle to add small amounts of deionised or demineralised water to cool and
calm the reaction. Do not add too much water as this may dilute the mixture and affect the pH
value.

e Add a further 1-2 mL of H,0;, mix, allow to react for 15 min and rate the reaction. Continue this
process until the soil:peroxide mixture reaction has slowed. This will ensure most of the RIS have
reacted.

e If there is no initial reaction, individual tubes containing the soil:peroxide mixture can be placed
in direct sunlight. This may encourage the initial reaction to occur.
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e  Wait for the soil:peroxide mixture to cool. This may take up to 10 min as the reaction can exceed
90 °C. Check the temperature rating of the pH meter and probe as high temperatures can
damage the electrode and result in inaccurate readings. A more accurate pH is recorded if a
temperature probe is used, however, this may be impractical in some field situations.

e  Place the spear point pH electrode into the soil:peroxide mixture, ensuring the spear point is
completely submerged. Never stir the paste with the electrode as this may damage the semi-
permeable glass membrane.

e  Measure the pHrox with the calibrated pH meter.
e  Wait for the reading to stabilise and record the pHrox measurement.
e All measurements should be recorded on a data sheet.

Rating soil reactions of the pHgox test
Table Al indicates the reaction scale for pHrox tests. The rate of the reaction generally indicates the

level of RIS present, but depends also on texture and other soil constituents. A soil containing very
little RIS may only have a slight reaction (L), however a soil containing high levels of RIS (remember
the exact level of RIS cannot be determined using the pHeox test) is more likely to have an
extreme/volcanic reaction (X-V), although there are exceptions. This rating scale alone should not be
used to identify ASS. It is not a very reliable feature in isolation as there are other factors including
manganese and organic acids which may trigger reactions. Reactions with organic matter tend to be
more ‘frothing’ and do not tend to generate as much heat as sulfidic reactions. Manganese reactions
can be quite extreme, but do not tend to lower the pHeox.

Table A1l Soil reaction rating scale for the pHeox test.

Reaction scale Rate of reaction
L Low reaction

M Medium reaction
H High reaction

X Extreme reaction
\Y Volcanic reaction

Source: DER (2015a).

A1.4.4 Interpretation of field pH tests
The pHe test can help identify Actual ASS. While a pHe of less than or equal to 4 is indicative of the

presence of Actual ASS, it is not conclusive of the presence of ASS on its own, as naturally occurring,
non ASS soils such as many organic soils (for example peats) and heavily leached soils may also have
pHe less than or equal to 4. To identify as an Actual ASS, other evidence must be presented that
indicates that the low pHr has been mainly caused by the oxidation of RIS. Such information includes
the presence of jarosite in the soil layer/horizon, or the location of other Actual ASS or PASS
materials within or in the nearby vicinity to the sampling location.

The difference between the pHer and the pHeox is helpful in the preliminary identification of PASS.
Combined the pHe and pHrox results can be a useful aid with soil sample selection for laboratory
analysis during Stage 2 of the field site investigations.

The pHeox result when compared to the pHe result can give an indication of the presence of RIS in the
sample. To ensure accurate results both of these tests must be conducted in the field as soon as
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possible after the sample is collected as the pH of the soil sample can change relatively quickly with
time (hours to days) even when recommended sample preservation techniques are employed. For
example, it is not unusual for soil pH test carried out at a laboratory to differ considerably (that is
greater thana pH unit) from soil pH test measured in the field after even one day of storage, and as
such, a laboratory determination of pHe at a later date cannot be relied upon to represent field
conditions at the time of sampling.

Soil field pHe and pHrox tests whilst useful exploratory tools, however, are not determinative and
cannot be substituted for laboratory analysis for either the identification of ASS materials and
quantification of the acidity hazards these materials pose. A recent review of the utility of these field
tests in Western Australia indicated that these tests only accurately identified ASS materials in 60 to
80 per cent of cases (DER 2015a).

A comparison of pHe and pHeox test results can often give a strong indication of the presence of ASS.
The greater the drop in pH from pHe following the addition of peroxide, the greater the likelihood of
PASS, although there are exceptions. A combination of a large difference between the two pH tests, a
strong reaction with peroxide and a low pH after peroxide oxidation (that is pHrox less than 3)
strongly indicates the presence of PASS.

However, it is important to note that the definitive confirmation of either the presence or absence of
PASS materials in the field can only be accomplished by appropriate laboratory testing.

Tables A2 and A3 provide some guidance on the interpretation of pHr and pHrox test results,
respectively.

Table A2 Interpretation of some pHe test ranges.

pH value Result Comments

pHe < 4, jarosite not May indicate an AASS indicating Generally not conclusive as naturally occurring,

observed in the soil previous oxidation of RIS or may non ASS soils, such as many organic soils (for

layer/horizon indicate naturally occurring, non ASS  example peats) and heavily leached soils, often
soils also return pHe< 4

pHe < 4, jarosite observed  The soil material is an AASS Jarosite and other iron precipitate minerals in ASS

in the soil layer/horizon such as schwertmannite require a pH < 4 to form

and indicate prior oxidation of RIS

pHe>7 Expected in waterlogged, unoxidised, = Marine muds commonly have a pH > 7 which
or poorly drained soils reflects a seawater (pH 8.2) influence. Oxidation of
samples with H,0; can help indicate if the soil
materials contain RIS

Source: Adapted from DER (2015a).

Table A3 Interpretation of pHeox test results.

pH value and reaction Result Comments
Strong reaction of soil Useful indicator of the presence of Organic rich substrates such as peat and coffee
with H,0; (thatis X or V) RIS but cannot be used alone rock, and soil constituents like manganese oxides,

can also cause a reaction. Care must be exercised
in interpreting these results. Laboratory analyses
are required to confirm if appreciable RIS is
present

Water Quality Australia 49



National Acid Sulfate Soils Guidance: National acid sulfate soils sampling and identification methods manual

pH value and reaction

pHeox value at least one
unit below field pHg and
strong reaction with H,0,
(thatis X or V)

pHeox < 3, large ApH and a
strong reaction with H,0,
(thatis X or V)

A pHeox 3-4 and Low,
Medium or Strong
reaction with H,0,

pHrox 4-5

pHeox > 5, small or no
ApH, but Low, Medium or
Strong reaction with H,0;

Result

May indicate PASS

Strongly indicates PASS

Inconclusive

Inconclusive

Inconclusive

Comments

The difference between pHg and pHeoy is termed
the ApH. Generally the larger the ApH the more
indicative of PASS. The lower the final pHgox the
better the likelihood of an appreciable RIS content.
For example, a change from pHg of 8 to pHrox of 7
(that is a ApH of 1) would not indicate PASS,
however, a unit change from pHe of 3.5 to pHeox of
2.5 would be indicative of PASS. Laboratory
analyses are required to confirm if appreciable RIS
is present

The lower the pHrox below 3, the greater the
likelihood that appreciable RIS is present. A
combination of all three parameters — pHeox, ApH
and reaction strength — gives the best indication of
PASS. Laboratory analyses are required to confirm
that appreciable RIS is present

RIS may be present; however, organic matter may
also be responsible for the decrease in pH.
Laboratory analyses are required to confirm the
presence of RIS

RIS may be present in small quantities, or poorly
reactive under rapid oxidation, or the sample may
contain shell/ carbonate which neutralises some or
all acid produced on oxidation. Equally, the pHgox
value may be due to the production of organic
acids with no RIS present. Laboratory analyses are
required to confirm if appreciable RIS is present

For neutral to alkaline pHF with shell or white
concretions, the fizz test with 1 M HCl can be used
to identify the presence of carbonates. Laboratory
analyses are required to confirm if appreciable RIS
is present and further testing is required to
confirm that effective self-neutralising materials
are present

Source: Adapted from DER (2015a).

A1.5 Field carbonate test - NSM-2.1

The field carbonate test (commonly referred to as the ‘fizz test’) is used to determine the presence of
carbonates in soil. It is a quick, easy, cheap test to conduct in the field. The test should be conducted
on samples suspected of containing carbonates (for example fine shell, crushed coral, et cetera). The
carbonate content of the soil can be quantified in the laboratory by the determination of the Total
Organic Carbon content (NLM-5.1) (Sullivan et al. 2017b). The field carbonate test outlined below is
from the QASSIT Acid Sulfate Soils Laboratory Methods Guidelines (Ahern et al. 2004).

e Place approximately one teaspoon of soil into a clean, clear test tube. It is important that test
tubes used in the fizz test are not used for the field pH tests as cross-contamination may occur,
affecting pH readings.

e Place two or three drops of 1 M hydrochloric acid (HCI) onto the soil sample. HCl is highly
corrosive so safety precautions must be exercised.

e Rate the reaction (see Table A4).

e All measurements should be recorded on a data sheet.
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Table A4 Soil reaction rating scale for the fizz test.

Reaction scale

N — non-calcareous

S —slightly calcareous

M — moderately calcareous
H — highly calcareous

V —very highly calcareous

Rate of reaction

No audible or visible effervescence

Slightly audible but no visible effervescence
Audible and slightly visible effervescence
Moderate visible effervescence

Strong visible effervescence

Source: McDonald et al. (1990).
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