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Geotechnical Assessment for Resource Consent 
Southland Wind Farm, Southland 

1.0 Introduction 

This report has been prepared by Riley Consultants Ltd (Riley) at the request of Contract Energy Ltd 
(Contact Energy).  It details the geotechnical assessment undertaken for a proposed new wind farm 
location in hill country approximately 15km east of Wyndham, Southland.  This report is intended to 
support a ca. 2025 Resource Consent application, being compiled by others, for the proposed 
development, and supersedes any previously issued versions.  
 
To support the resource consent application, Riley has also been engaged to assess and report 
on civil engineering matters including construction effects and management.  The assessment is 
primarily outlined in an evidence-style Technical Assessment of Construction Effects document 
(dated July 2025), and referenced this geotechnical assessment and the following:  

o Mimihau Hydrological Monitoring Site Visit (29-30 March 2023) - Riley Ref: 220372-A, dated 
13 September 2023. 

o Hydrology Assessment Mimihau Stream Catchment - Riley Ref: 220372-D, Issue 2.0, dated 
12 December 2023. 

o Hydrometric Data Assessment Hydrological Monitoring – Mimihau Stream - 
Riley Ref: 220372-H, dated 5 June 2025. 

o Stream Crossing Preliminary Design Report - Riley Ref: 220372-C, Issue 2.0, dated 
14 July 2025. 

o Draft Construction Environmental Management Plan – Riley Ref: 220372-F, Issue 0.2, dated 
24 June 2025. 

1.1 Proposed Development 

• The development consists of a total of 55 No. wind turbine generators (WTG), and 
approximately 73km of access track (new and upgrade of existing forest access tracks). 

• Earthworks is required to construct access tracks entering and within the Site – with paved 
widths between 6m and 8m.  The tracks will predominantly be surfaced with a  
higher-quality pavement aggregate (Riley Dwg: 220372-201 in Appendix F for current WTG 
location and access road alignments)1.   

• Earthworks is required to form hardstand platforms at each WTG location for storage and 
assembly of each turbine tower.  

• The main heavy transporter route is likely to be into the north-east corner of the Site, 
through the Port Blakely Forest (off Davidson Road West/Kaiwera Downs Road).  
Note, Riley’s route assessment along the Port Blakely Forest has been a desk study exercise 
only.  

 
1 We understand the current WTG locations are preliminary and subject to confirmation during detailed design. 
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• The current site access from Wyndham ends on Thornhill Road, off Venlaw Road, which 
leads up the dip-slope into the mid-elevations of Jedburgh Station (Figure 1).  

1.2 Aims and Objectives 

The primary aims of this assessment are to develop a geotechnical model (ground profile of soil 
and rock conditions including lateral and vertical variability, and groundwater conditions) and 
assess key geotechnical considerations and constraints on the development.  The latter items are 
primarily discussed in Section 8.0.   

2.0 Scope of Work 

Riley has undertaken the following tasks to address the project objectives: 
 

• Desktop review of: 

o Published regional topographic and geological maps and bulletins. 

o Relevant in-house data from Riley’s library and readily available historic projects.  

o Five geotechnical machine cored boreholes (BH101 to BH105 – to depths of 20m) that 
McNeill Drilling Ltd completed in April/May 20112.  Data was accessed via the 
New Zealand Geotechnical Database (NZGD) and logs and core photographs are 
included in Appendix B. 

o Ground-surface features evident on a high-resolution (1m grid) hillshade rendering of 
digital elevation model (derived from a regional LiDAR survey3).  Inferred and mapped 
features are shown on Riley Dwg: 220372-206 included in Appendix F. 

• Field Mapping 

Engineering geological mapping of selected exposures (outcrops, track cuts and existing 
small borrow areas) was undertaken on 20 October 2022 and in the week commencing 
19 February 2023.  The February 2023 mapping focused on geological exposures at 
selected road cuts within the Venlaw Forestry block.  This provided information on the 
near-surface ground profile (typically 2m to 5m depth) across this section of the Site.  
Annotated photographs of selected outcrops, and geological structural data recorded, 
are kept on file and available upon request. 

• Subsurface Investigations 

Machine test pits (14 No. i.e. TP101 to TP114), using a 16t hydraulic excavator and toothed rock 
bucket with a single tine ripping attachment where necessary (February 2023).  Test pits 
were excavated to a maximum target depth of 5.5m or terminated earlier due to practical 
refusal.  In-situ soil strength tests were undertaken at selected locations, and in 
appropriate soils, using a Scala penetrometer and/or hand shear vane.  TP logs with 
associated photographs and Scala penetrometer (SC) test results are included in 
Appendix C, and should be read in conjunction with Riley logging terminology and 
standard abbreviations included in Appendix A.  

 
2 We understand the ca. 2011 boreholes were completed as part of an historic wind farm assessment in this area.   
3 LiDAR = aerial flown Light Direction and Range survey flown between 2020 and 2021.  This survey is currently available 
from the LINZ data website, but we worked initially on an advance release of this survey provided in early 2023 by the Client. 
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Tests pits were carried out within the Jedburgh Station, and (as noted above) near-surface 
geology in Venlaw Forest was primarily assessed using road cuts. 
 
No deep investigations (i.e. machine boreholes) have been procured for this assessment.  
Rather we have relied upon mapping and the historic borehole logs at this Site to inform 
the deeper ground model (see above).  The location of subsurface investigations 
(TPs and ca. 2011 BHs), along with mapping waypoints (outcrop ID’s), are shown on 
Riley Dwgs: 220372-202 and -203 in Appendix F.  
 

• Laboratory Testing – Bulk disturbed samples were collected from selected test pits and 
outcrops for laboratory testing.  Test results are included in Appendix D. 

• Assessment of Geotechnical Considerations and Constraints – Refer Section 8.0. 

2.1 Additional Geotechnical Investigations - ca. 2024 

In 2024 Contact engaged Riley to undertake a next stage of geotechnical investigations for the 
project (Stage 2).  The 2024 geotechnical investigations included additional subsurface work in 
readily accessible areas of the proposed development in the Venlaw Forest, and intermediate to 
lower elevations of Jedburgh and Glencoe farms.  No subsurface work was undertaken around 
the Jedburgh Plateau during the Stage 2 investigations.   
 
Riley has drafted a Geotechnical Factual Report (GFR) for SWF.  This is a single/standalone 
document that contains all existing relevant geotechnical information for the project, including. 

• Historic borehole logs (ca. 2011). 

• Results from Riley’s initial geotechnical investigation ca. 2023 (which have been primarily 
relied upon to develop the geotechnical model and interpretative assessment outlined 
below). 

• Scope and results from the Stage 2 (ca. 2024) investigations.  Key work undertaken 
included; 

o Machine test pits. 

o Machine boreholes – with installation of either standpipe piezometers, or grouted PVC 
pipe to allow downhole seismic profiling (see below). 

o In-situ strength tests in appropriate cohesive and non-cohesive soils. 

o Sampling of selected soil and rock encountered and scheduling selected laboratory 
tests,  

o Geophysical surveys (electrical resistivity lines, and downhole shear wave profiles in 
pipes grouted into selected boreholes) 
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The local bedding orientations indicate there are site-scale geological structures with antiform5 
and synform6 axes intersecting the Site.  The orientation of the antiform and synform axis are 
sub-parallel (sympathetic) to the Southland Syncline axis. 

5.0 Site Description and Geomorphology 

Key topographic features of the Site are shown on Riley Dwgs: 220372-200 and -206 and 
Figures 1 to 12, and include:  
 

• The key geomorphic features at the Site are controlled by/reflect the underlying 
geological material and structure – including asymmetric valley slopes, strike-ridges, 
dip-slopes, back-slopes, locally deeply incised and eroded valleys approximately 
subparallel to the dip-slope direction.  

• The Site is located on north-west facing dip-slopes.  The southern (up-slope) margin of 
the Site is adjacent to a strike-ridge (highest peak, Mokoreta – RL 713m).  The dip-slopes 
are generally inclined between 10° and 15° to the north-west.   

• The dip-slopes are variably incised, and eroded into, by varying sized gullies/valleys and 
streams.  A deep and steep-sided gully bisects the Jedburgh Station.  The head of this 
unnamed gully rises to form a broad depression in the strike-ridge (i.e. between 
WTG JED-29 and JED-30).  This area is important for the development as it is the location 
of the access track that links most of the Jedburgh Station turbines to those in the  
north-east and the Venlaw Forest (Figure 6).   

• The more prominent ‘examples’ of dip-slopes are present at the south-west 
(Jedburgh Station) end of the Site.  Remnant dip-slopes, which are generally more incised 
and dissected, by streams and gullies, are evident in the middle and north-east end of the 
Site (Venlaw Forest) being broadly incised by the splaying heads-gullies of the 
Mimihau Stream North and South Branches.  

• Site-scale lineaments have been noted and are likely to reflect preferential erosion along 
weaker geological structures, (i.e. laterally persistent defects and inactive faults in the 
rock mass). 

• Moderately to steeply inclined south and west facing back-slopes are generally covered 
by dense low to medium height native vegetation (possibly where slopes are/were less 
favourable to farming development due to their inclination and solar aspect).  

• The northern (lower hillslopes) of Jedburgh Station are predominantly cleared pasture 
with regenerating scrub (manuka/kanuka) in numerous relatively shallow gullies that 
bisect the dip-slope.  The southern/elevated parts have a dense cover of regenerating 
native bush (manuka/kanuka).   

 
5 Antiform – A topographic feature comprising sedimentary layers in a convex formation but where the younging-direction 
of the sedimentary sequence is uncertain.  ‘Younging-direction’ is the direction in which a sequences/strata gets younger. 
6 Synform - A topographic feature comprising sedimentary layers in a concave formation but where the younging-
direction of the sedimentary sequence is uncertain.  













  

 Riley Ref: 220372-B Geotech Assessment for RC - Southland Wind Farm (Issue 4.0)  /  5 August 2025  /  12 

7.0 Geotechnical Conditions 

7.1 Ground Profile 

The ground investigation and assessment indicate significant lateral, and vertical geological 
variability is present across short distances (i.e. a few ten to hundreds of metres) at the Site.  At a 
broad (site-wide) scale the ground profile that is relevant to the development consists of: 

• Unconsolidated near-surface ‘soils’ – which could include fill, topsoil, and colluvium on the 
hillslopes.  Apart from topsoil, these materials have a patchy distribution and where 
present, typically total less than approximately 2m depth and overlie bedrock.   

• Bedrock – consisting of variably weathered sandstone and locally interbedded siltstone 
that is correlated to the Ferndale Group of the Murihiku Supergroup (ref. GNS, QMAP 2003).  
Two geotechnical bedrock profiles differentiated for this assessment are 
(refer Sections 7.1.3 and 7.1.4): 

a. ‘Lower-strength’ (and generally more-weathered) bedrock. 

b. ‘Higher-strength’ and less-weathered bedrock (which is informally referred to as 
‘blue-rock’). This generally underlies the lower-strength bedrock. 

 
Further details on the soils and bedrock conditions anticipated at the Site are provided below. 

7.1.1 Deep and Shallow Ground Sequences 

Two general ground sequences, comprising varying thicknesses of soils and bedrock profiles, are 
differentiated at the Site for the purposes of this assessment (refer Riley engineering geology 
plans – Dwgs: 220372-207 to -209): 

a. ‘Deep mantle’ – where the cumulative thickness of soils and lower-strength bedrock form 
a relatively ‘deep mantle’ to over 6m depth.  This is inferred to be the predominant 
sequence across the west and mid-sections of the proposed development, 
(i.e. Jedburgh Station to the middle of Venlaw Forest, i.e. WTG MAT-08).    

b. ‘Shallow mantle’ – where the combined thickness of soils and/or lower-strength bedrock 
profile is approximately 1m to 2m, and locally up to 4m (BH01) (i.e. relatively shallow depth 
to the top of blue-rock).  Key areas within the Site where the ‘shallow mantle’ sequence is 
anticipated include: 

• The north-east half of Venlaw Forest (although there may be some notable areas of 
‘deep mantle’ sequence within this area). 

• The high elevation plateau-like area at Jedburgh Station.   

• Locally along the mid and lower dip-slopes at the Site (refer Section 7.1.4).  
 
Note: the deep and shallow mantle sequences present a generalised geotechnical model that are 
considered adequate for this Resource Consent level assessment.  The deep and shallow mantle 
sequences are differentiated to facilitate description and discussion of a relatively complex and 
spatially variable geology across an extensive Site.  The nature and extent of the geological profiles 
will be refined and amended during detailed design and construction monitoring.   
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The rock encountered within a few metres of the ground-surface is typically highly to moderately 
weathered, with increased weathering classes present locally (residual to completely weathered 
such as TP107).  A normal weathering profile (i.e. reduced weathering with increasing depth) is 
generally present, and there are local observations of less-weathered core-stones 
(boulders to cobble size) within a more-weathered matrix.  Inverted weathering profiles are very 
locally encountered (i.e. where a higher weathering class overlies less-weathered bedrock – such 
as at TP107).  The weathering is anticipated to vary laterally over short distances – possibly 
reflecting changes in original sedimentary bedding composition and/or the influence of structure 
or rock mass defects.   
 
The base of this lower-strength bedrock mantle varies significantly across the Site but typically 
ranges between approximately 1m and 8m below ground level (bgl), and in the extreme up to 
16m depth (BH03).   
 
The rock mass is primarily developed by intersecting, orthogonal, steeply, and gently inclined joint 
sets.  These typically generate 50mm to 250mm blocks.  Locally zones of closer spaced fractures 
(less than 20mm) are anticipated, which probably reflect deformation along sheared and 
crushed zones (ancient and geologically inactive bedrock faults).   

7.1.4 Higher-Strength Bedrock 

This bedrock profile predominantly consists of moderately strong to very strong and 
less-weathered, (i.e. moderately, slightly to unweathered – MWx, SWx, and UWx) material.   
 
Rock mass and defects are like those for the ‘lower strength’ bedrock.  However, in general 
wider-spaced joints, producing approximately 300mm to 1m-diameter blocks, are anticipated in 
the higher-strength bedrock (Figure 9 to Figure 11). 
 
There are limited natural exposures of the higher-strength bedrock.  It was observed, in the invert 
of the Mimihau Stream (South Branch) from Venlaw Road, and in the base of tributary gullies near 
the main Mimihau Stream valley.  It was also observed locally on the margin of the high elevation 
plateau-like area at the Jedburgh Station (Figure 9, just north of WTG JED-28).   
 
It is also locally exposed in cut slopes along Venlaw Road east (upstream) of Thornhill Road 
intersection.  Two key cut exposures where higher-strength bedrock is near to the ground-surface 
(i.e. ‘shallow mantle’ sequence) within the Site are: 
 

• Venlaw Forest historic rock borrow area – refer outcrop ID ‘OC-R’.  

• Jedburgh Station historic rock borrow area (silage pit) – refer outcrop ID ‘OC-V’. 
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7.2 Groundwater  

Key observations and comments include: 
 

• The groundwater regime at the Site is expected to be dominated by defects in the bedrock, 
with flows generally occurring along relatively higher permeability defects or 
interconnecting defects.  As a result, the groundwater regime may be relatively complex 
vertically and laterally.  We anticipate that the fundamental groundwater table is many 
metres below the ground level.  This is supported by the absence of groundwater within 
the five machine boreholes that were each drilled to 20m depth.  Perched water tables 
may be present locally at shallower depths in the bedrock.  These could be potentially 
present above lower permeability siltstone (and/or zones of sandstone) with  
tight/low-permeability defects.  

• Significant groundwater flows are not expected during bulk earthworks for the access road, 
turbine platform or turbine foundation excavations.  Any seepage flows from perched water 
tables in bedrock are anticipated to reduce quickly and be managed during construction by 
surface drainage, or limited use of submersible pumps (i.e. in foundation excavations).     

• The test pits generally did not encountered groundwater, (i.e. saturated ground or seepages).  
However, minor near-surface seepages were encountered in test pits on or near the 
Jedburgh plateau-like area (TP107, and TP109 to TP113).  The seepages were generally at a 
shallow depth i.e. typically between 0.2m bgl (TP107) to 0.7m bgl (TP110).  It is inferred that 
these seepages are issued from water tables perched on, and generally underlain by, 
inferred lower-permeability bedrock (i.e. higher-strength bedrock – Section 7.1.4.). 

7.3 Faults and Folds 

Faults mapped at and near the Site are geologically inactive (i.e. no movement within the last 
125,000 years).   
 
Several topographic lineaments have been identified at the Site (Riley Dwgs: 220372-205 and  
–206 included in Appendix F).  These are inferred to be predominantly related to preferential 
weathering and erosion along steeply inclined large-scale structural defects/faults in the bedrock 
(continuous laterally for many hundreds of metres to kilometres).  GNS have mapped an inactive 
fault intersecting the east part of the Site, which coincides with a long north-east to south-west 
trending lineament (refer lineament between WTG MAT-12 and MAT-14, Riley Dwg: 220372-206).  
The large-scale mapped structures generally align with deeper incised valleys.  These areas are 
expected to be more associated with crushed zones and deeper weathering profiles within the 
rock mass (OC-H1 to OC-H4).  Similarly, the test pit excavations TP105 to TP108 encountered 3.0m 
to 5.0m of soils/highly weathered material and are located near to an inferred lineament. 
 
Subtle undulations in mapped bedding orientations suggest that at least two macro-scale 
gentle/open folds in the bedding across the Site – each with approximately north-west to  
south-east aligned fold axes.  This is in general accordance with the QMAP (GNS, 2003). 
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Neither the faults, or folds, are likely to be a significant consideration for the proposed 
development, although as discussed above the rock and rock mass ground conditions nearer to 
the faults/lineaments may be associated with deeper weathering profile and relatively lower rock 
mass strength.  
 
There is no evidence of recent or historic seismic activity (i.e. displacement) on the fault mapped 
through the Site or those mapped nearby.   

8.0 Geotechnical Assessment 

8.1 Slope Stability 

8.1.1 General 

We conclude that there is limited evidence of existing slope instability at the Site, and that with 
appropriate engineering design and construction works slope instability is not anticipated to be 
a significant consideration or constraint for the proposed development.  
 
A limited number of possible landslides have been identified (refer Riley Dwgs: 220372-206, -208 
and -209 included in Appendix F).  This is based on desk top review of maps and the  
high-resolution DEM, although landslide ‘A’ is also identified on the regional QMAP (GNS, 2003) 
(refer Riley Dwg: 220372-205).  The geomorphic basis of identifying the possible landslide features 
is considered sufficient for this assessment.  This is supported by the low frequency of landslides 
noted and because none of the features (headscarp or debris) currently intersect either a 
proposed WTG or access road (although ‘A’, ‘E’, and ‘G’ are relatively close).   
 
Detailed design should confirm the nature and characteristics (and presence) of slope instability 
at the Site, including the possible features identified (see below).  This should consider treatment 
measures to either avoid or increase the stability of any features that are identified during 
detailed design to potentially affect, or de-stabilised by, the development.  

8.1.2 Shallow-Seated Landslides 

Possible shallow-seated existing natural landslides are not a significant feature at the Site.  Such 
features generally have movement surfaces that are within a few metres of the ground-surface, 
and predominantly in lower-strength soils, and to a lesser extent bedrock.  This type of slope 
instability is not anticipated on the gently inclined dip-slopes but could be present in moderate 
to steeper inclined gully side-slopes. 

8.1.3 Rockfall 

Rockfall instability (involving the collapse of steep hillslopes or bluffs along defects in competent 
bedrock exposed at/near the ground-surface).  One possible rockfall (landslide ID ‘H’) is mapped 
close to the main strike-ridge in the headwaters of the Mimihau Stream South Branch.  This 
location is at least 1.5km from the proposed development.  The relative absence of bedrock 
exposures at the ground-surface indicates that rockfall instability is not a significant hazard at 
the Site.   
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8.1.4 Deeper-Seated Landslides 

Eight possible deeper-seated landslides are mapped within or near the Site.  Deeper-seated denotes 
features where the movement surface is anticipated to be greater than approximately five metres 
and possibly up to many tens of metres below the ground-surface (i.e. predominantly in bedrock).  
These landslides are noted on Riley Dwgs: 220372-206, -208 and -209 (landslide ID ‘A’ to ‘G’).   
 
The possible deeper-seated landslides are inferred to be ancient and likely to have last moved 
during, or soon after, the last glaciation – when accelerated erosion and downcutting of gullies 
and streams would likely have removed toe support and initiated movement.   
 
Most of the possible landslides are a few hundred to few thousand cubic metres of debris, and 
are located on the dip-slope, or gullies incised into the dip-slope.  Debris is mapped at all possible 
landslides – suggesting that movement has not resulted in rapid reduction in shear strength 
(and evacuation) along the movement surface.  Also, no evidence of recent regression of the 
headscarps has been observed.  This suggests the debris features (debris and headscarps) are 
meta-stable under the current geotechnical conditions.   
 
Features on the dip-slope may have movement surfaces along weaker and horizontally 
persistent defects subparallel to the gentle north-west to north bedding (i.e. bedding shears).   

8.1.5 Stability of Back-Slopes  

Instability of steeper back-slopes is not considered a significant hazard or consideration for the 
development.   
 
Most of the Venlaw Forest property boundary is slightly down-slope of the Site strike-ridge, which 
acts as a ‘legal’ setback from the strike-ridge and back-slope in this area.  The development 
(WTG and access tracks) gets closest to the lip of the back-slope in Jedburgh Station 
(between WTG JED-17, and JED-27 to JED-30) (Figure 12).  
 
One possible deeper-seated landslide (ID ‘G’) is noted along the back-slope of Jedburgh Station 
between WTG JED-27 and JED-17.  This inferred feature is approximately 500m wide 
(subparallel to the strike-ridge), with an estimated debris volume of a few thousand cubic metres.  
The inferred debris lobe is only partially displaced (i.e. not completely evacuated from the source 
area). The headscarp is a few tens of metres from the nearest road or WTG.  No ground-cracks or 
evidence of recent ground movement was observed in this area, or north along the strike-ridge 
to WTG JED- 29.     
 
No evidence has been encountered to preclude the proposed access road or WTG’s near to the 
strike-ridge.  However, it would be prudent, during detailed geometric design and layout, to set 
the works as far back from the lip of the back-slope (considering other environmental and civil 
engineering constraints etc.).  Selected deep investigations should be considered during detailed 
design as part of confirming the degree of hazard and consideration slope stability is to the 
proposed development and develop appropriate mitigation measures (if any).   
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8.4 Wet-Areas 

Ecologists engaged by Contact Energy have identified ‘high-value’ areas at the Site and further 
differentiated ‘wetland’ areas within this classification (refer Riley Dwgs: 220372-206 to -209).  The 
ecological wetland areas are predominantly located at the mid to higher-elevations of 
Jedburgh Station (around the plateau-like area in the south of the farm).   
 
It is likely that many of the ‘wet-areas’ Riley noted during our fieldwork coincide with the ecological 
high-value wetland areas.   
 
Some variability in the subsurface ground profile across the ecological wetlands is anticipated.  
In general, we anticipate a relatively thick organic-rich topsoil, i.e. up to approximately 0.7m 
(TP109) and typically less than 0.5m.  The key pre-requisite geotechnical condition for the wetland 
appears to be low-permeability bedrock conditions (but soils may be present too) at shallow 
depth, which results in a near-surface perched water table (refer to groundwater description and 
discussion in Section 7.2).   
 
As instructed, geometric design of access tracks have tried to avoid mapped wetlands for access 
tracks or turbine platforms.  However, considering the Site topography, conditions may dictate 
practicable geometric alignments that cannot completely avoid all ecological wetland(s).  
Additional assessment may be required to confirm the ground and groundwater conditions at 
ecological wetlands and the impacts from the proposed development works (if any).  ‘Soft’ and 
‘hard’ engineering measures could be considered to reduce any identified impacts.   

8.5 Earthworks 

8.5.1 General 

Earthwork cuts and fills will be required to provide access tracks that can accommodate 
construction equipment and oversized turbine delivery vehicles.  Earthworks are expected, to: 

• Upgrade existing public roads in the Site (Thornhill Road). 

• Provide access tracks within the Site – of suitable horizontal and vertical geometry and 
grades to accommodate the over-dimension WTG component loads (particularly the 
blades). 

 
Riley has undertaken a conceptual geometric design for Site access tracks and preliminary 
platform layout, with the latest update ca. June 2025 (refer to the 1000-series civil engineering 
drawings outlined in the Riley Dwg List Sheet: 220372-1000, dated June 2025).  
 
The dip-slope inclination is generally favourable to lowering the earthworks (cut and fill) volumes 
required for the access tracks.  In general, the access tracks have been located on broader 
ridgelines within the dip-slopes and where possible avoid gullies to reduce the earthworks 
volumes and civil engineering requirements. 
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8.5.4 Earthworks Materials  

Engineered fill will be required for access tracks and platforms.  All cut materials except topsoil and 
organics can be used for bulk fill (i.e. soils, lower-strength bedrock, and higher-strength bedrock).   
 
The earthworks will be undertaken in accordance with the detailed design, earthworks 
specification, and quality control programme.  Some conditioning and moisture control work 
(i.e. drying) of colluvium may be necessary to use this material for bulk fill.  Rock fill blocks may 
need breaking/screening to conform to grading specifications. 
 
Better quality bedrock fill may be selected and used as a rock fill cap to bulk earthwork fill across 
the hardstands and where weaker and finer-grained subgrade soils are present.  
 
Preliminary compaction tests on selected soils indicate that these will be suitable as engineered 
fill, with minor conditioning of moisture content.  Further sampling and laboratory tests on soil and 
rock materials will be conducted as the project progresses during detailed design. 

8.5.5 Layout of Access Tracks and Platforms 

Access tracks and turbine foundations should wherever practicable be kept close to the higher 
ground along the dip-slopes and ridgelines.  This is likely to minimise the degree/volumes of cut 
and fill required to achieve design grades and horizontal curves.   
 
The potential for earthworks cut to remove toe support from hillslopes should be assessed during 
detailed design in conjunction with confirmation of the access road and turbine layout. 

8.5.6 Turbine Foundations 

We anticipate that turbine foundations will be a reinforced concrete pad (in our experience these 
can be approximately 20m-diameter and up to 3m deep below the surrounding platform level).  
Ground conditions may vary in places but foundations on the rock will have adequate bearing 
strength and acceptable settlement.  For foundations on soils either lowered bearing capacity 
can be applied or undercut to more competent material if this option is available.  Foundations 
will be confirmed during detailed design. 

8.6 Aggregates 

Specialist aggregates will be required during construction.  Two main aggregate uses include: 
 

• Road pavements, including basecourse (surfacing layer) and the underlying sub-base 
layers. 

• Concrete. 
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8.6.1 Pavement Aggregate for Site Tracks and Platforms 

Site-won competent blue-rock sandstone, encountered during excavations for tracks, WTG 
platforms, and turbine foundations, is expected to produce pavement aggregate suitable for use 
on Site tracks and WTG platforms (refer Section 7.1.4).  However, blue-rock may not be encountered 
in significant quantities during the bulk earthworks to provide all the pavement aggregate for the 
wind farm (subject to confirmation during detailed design).  In this instance suitable imported 
pavement will be required to supplement, or provide all, the pavement aggregate requirements 
during construction.  The civil engineering assessment for this resource consent application 
conservatively assumes that all pavement aggregate is imported.  Details of potential off-site 
pavement aggregate quarries are provided in Riley’s civil engineering report 
(which accompanies this geotechnical assessment). 
 
As noted above preliminary laboratory aggregate tests undertaken on selected samples from 
existing borrows in the Jedburgh Station and Venlaw Forest support this assessment (Section 6.0).  
Selected Site-won blue-rock is expected to readily satisfy pavement aggregate crushing 
resistance requirements but can have poorer durability (weathering) characteristics.  Such 
characteristics are known for Murihiku Supergroup terrane rocks in Southland.  However, this does 
not necessarily prevent use of selected blue-rock for Site-won pavement aggregate.  We 
understand that increased frequency of period maintenance may be required after construction 
is completed.  
 
Mobile crushing and screen plant(s) will be required to process excavated blue-rock sandstone 
to products, i.e. general all passing 65mm (GAP65) or GAP40 material.  Careful selection and 
grade control will be required to provide a consistent and quality aggregate.  Siltstone interbeds 
in the bedrock are unlikely to provide suitable and durable aggregate and would need to be 
generally separated from the sandstone (if encountered) during excavation.   

8.6.2 Concrete Aggregate Supply 

Site-won aggregate (from blue-rock) is not considered suitable for structural concrete or the WTG 
foundations at the Site.  Concrete aggregate (coarse aggregate and sand) will all need to be 
imported from suitable nearby quarries.   

8.7 Surplus Fill Disposal Sites 

Geometric design of access tracks and turbine hardstands should aim to balance cut and fill 
volumes.  However, it is anticipated that several surplus fill disposal sites (SFDS) will be required 
across the Site during construction, for surplus and any unsuitable fill.   
 
In our experience gully heads close to the areas of surplus fill – provide the most efficient storage 
volumes for footprint.  However, we understand that environmental considerations are restricting 
the use of gully head SFDS.  Notwithstanding this we provide the following general, and 
geotechnically focused comments. 
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Key design and construction principles for gully head SFDS include:   

• After undertaking appropriate erosion and sediment control preparatory works and site 
stripping, a specifically designed engineered embankment would be constructed, using 
selected fill, at the toe of the surplus gully fill.  

• Adequate subsoil drainage measures shall be installed to ensure pore pressures in the 
in-situ and fill material do not increase to levels where the slope stability of the fill site is 
dangerously reduced.  Such measures should include placement of surface cut-off 
channels above the fill areas and subsurface drains.  Infilling behind the toe embankment 
is undertaken by placing the surplus material in maximum lifts and track rolling 
(i.e. this is non-engineered fill).  The top/finished fill surface should be uniformly sloped 
(i.e. generally flatter than 1V:10H) to convey stormwater from the areas and prevent water 
ponding on the filled ground surface.  

 
SFDS could also be established at selected dip-slope locations (i.e. not involving gully heads).  This 
type of SFDS is not preferred, from a geotechnical perspective, as they are less efficient 
(i.e. a dip-slope type SFDS would require significantly greater earthworks disturbance through 
topsoil stripping, and erosion and sediment control work, for the same fill volume compared to a 
gully head type SFDS).  
 
The location, general design features and specification for SFDS should be confirmed during 
detailed design.  Ideally, any SFDS should be at practicable location(s) to minimise haul distances 
from source areas. 

9.0 Conclusions and Recommendations 

Riley has undertaken a feasibility level geotechnical site investigation and assessment for the 
Southland Wind Farm, accessed from Venlaw Road.  Key findings and conclusions include: 

• No geotechnical fatal flaws have been identified with respect to the proposed 
development. 

• Ground conditions vary laterally and vertically across the Site.  The ground profile consists of 
variable sequences of near-surface ‘unconsolidated soils’ underlain by more-weathered 
‘lower-strength’ bedrock.  These units are underlain by less-weathered ‘higher-strength’ 
bedrock (also referred to as ‘blue-rock’).   

Two ground sequences differentiated include: 

o ‘Deep mantle’ – where the cumulative thickness of soils and lower-strength bedrock form 
a relatively ‘deep mantle’ to generally over 6m depth.  This is inferred to be the 
predominant sequence across the west and mid-sections of the proposed development 
(Jedburgh Station, Glencoe Station, through to the middle of Venlaw Forest,  
WTG MAT-08).    

o ‘Shallow mantle’ – where the combined thickness of ‘soils’ and/or lower-strength bedrock 
profile is approximately 1m to 2m and locally up to 4m (i.e. higher-strength bedrock is 
likely to be encountered typically within a couple of metres of the ground-surface).  
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• To date, Contact has not engaged Riley to incorporate the additional/ca. 2024 
investigations into the interpretative geotechnical assessment for the development.  We 
understand that Contact intends to undertake the next phase of geotechnical 
interpretation and assessment, once Resource Consent is confirmed for the project. 
However, from our initial (broader-level) appraisal of the findings we do not consider that 
these will materially, and detrimentally, alter our current assessment and conclusions. 

• Locally ‘perched’ (i.e. shallow depth below ground-surface) groundwater zones may be 
encountered during construction.  However, the general groundwater table, which is 
primarily controlled by water seeping through defects (cracks) in bedrock, is expected at 
many metres to tens of metres below the ground-surface.  Groundwater inflows to cuts 
are not expected to be a significant consideration for the development.   

Localised near-surface perched aquifers are anticipated at the Site (predominantly 
southern parts of the Jedburgh Station).  These are likely to be predominantly present over 
low permeability bedrock (and to a lesser degree soils).  These are inferred to relate to 
‘wet-areas’ we observed at the ground-surface, and to ‘high-value’ wetland areas 
mapped separately by ecologists.  

• There is limited evidence of existing slope instability at the Site, and with appropriate 
engineering design and construction works the development should not result in any 
effective reduction in the slope instability.  Areas where the access tracks and turbines are 
located close to existing moderate to steep hillslopes should be focus areas during 
detailed design. 

• No active faults have been mapped within the Site footprint, and the seismic hazard at the 
Site is relatively low in New Zealand terms.  

• Liquefaction of low-strength and saturated soils is not considered to be a risk at this Site.  
The general groundwater table is many metres below the ground-surface, and the 
composition of the soils indicate a low to negligible susceptibility to liquefaction also. 

• Bulk earthworks cuts for most access roads and turbine platforms are expected to 
predominantly encounter soils and lower-strength bedrock (i.e. deep-mantle sequence).  
Higher-strength bedrock is anticipated to be encountered near to the ground surface 
around the plateau-like area at the south end of Jedburgh Station, and in the north-east 
of the Venlaw Forest. 

• We expect that unconsolidated soils and lower-strength bedrock will be readily excavated 
with appropriately sized diggers (i.e. 20t to +30t) using rock buckets.  The Contractor may 
elect to undertake pre-ripping of corestones or local higher-strength bedrock horizons to 
maintain, or increase, productivity. 

Heavy pre-excavation works will be necessary to productively excavate some of the 
stronger rock with wider spaced defects (i.e. where defects in the higher-strength bedrock 
exceed approximately 0.3m to 0.5m spacing).  Such measures include heavy pre-ripping 
(i.e. single tine on large excavator or bulldozer) or a hydraulic rock breaker attachment on 
a large excavator.   
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Pre-excavation blasting works may also be appropriate/necessary to efficiently excavate 
higher-strength rock where wider spaced defects are present (i.e. greater than 
approximately 0.6m).  Blasting works may also be required to win blue-rock pavement 
aggregate from on-Site borrows (if any).   

The selection of pre-excavation techniques is site, and contractor, specific and can be 
influenced by the volume and depth of bedrock that requires excavation to achieve 
formation level.  

• Engineered fill will be required for access tracks and platforms.  All cut materials except 
topsoil and organics can potentially be used for bulk fill (i.e. soils, lower-strength bedrock, 
and higher-strength bedrock).  The earthworks will be undertaken in accordance with the 
detailed design, earthworks specification, and quality control programme.  Some moisture 
control works, (i.e. drying) may be necessary with colluvium to achieve close to optimum 
moisture content.  Rock fill blocks may need breaking to conform to grading specifications 
for this material. 

We anticipate that turbine foundations will be a reinforced concrete pad (in our experience 
these can be approximately 20m-diameter and up to 3m below the surround WTG 
platform level).  Foundations on the rock will have adequate bearing strength and 
acceptable settlement.  For foundations on soils either lowered bearing capacity can be 
applied or undercut to more competent material if this option is available.  For soil type 
material foundation stiffness may be a constraint and would require specific 
consideration in design.  Foundations will be confirmed during detailed design. 

• Site-won competent blue-rock sandstone, encountered during excavations for tracks, 
WTG platforms, and turbine foundations, is expected to produce pavement aggregate 
suitable for use on Site tracks and WTG platforms (refer Section 7.1.4).  However, blue-rock 
may not be encountered in significant quantities during the bulk earthworks to provide all 
the pavement aggregate for the wind farm (subject to confirmation during detailed 
design).  In this instance suitable imported pavement will be required to supplement, or 
provide all, the pavement aggregate requirements during construction.  The civil 
engineering assessment for this resource consent application conservatively assumes 
that all pavement aggregate is imported and includes details of potential off-site quarry 
sources and estimates of truck and trailer unit movements for imported pavement 
aggregate.    

• All concrete aggregates will need to be imported from suitable nearby quarries.  

• Surplus fill disposal sites will be required during construction at many locations across the 
Site.  These should be constructed to a general design and specification confirmed during 
detailed design (including surface and subsoil drainage).  The location of any surplus fill 
disposal sites should be a practicable location(s) to minimise haul distances from source 
areas. 
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9.1 Recommendations for Additional Geotechnical Investigations 

Additional investigations are recommended to support and enable the next stage(s) of design 
e.g. Tender Design then Detailed Design.  The purpose of these additional investigations is to 
confirm the ground and groundwater conditions, and horizontal and vertical variability across the 
Site, and allow a refined assessment of design and specification of various CBoP and EBoP 
elements (including temporary and permanent works).  The investigation programme should be 
developed and spaced to allow appropriate assessment of existing and new Site access tracks 
(including farms and forests), turbine platforms and foundations, transmission route tracks and 
towers, and compounds and foundations for construction (temporary) and permanent plant and 
facilities.  Investigation types that Contact could consider, and which may be best undertaken in 
stages, include (but may not be limited to): 

• Geological mapping of exposures across the Site (possibly up to one week in the field for 
experienced engineering geologist(s) – considering the size of the Site). 

• Machine test pits along the access tracks and at many of the turbine locations.  
The location and spacing of pits along the road should be sufficient to adequately resolve 
the geotechnical conditions, i.e. there may be sections where pits are required at greater 
or lesser frequency.    

• Deep machine cored boreholes – generally across many of the turbine locations, (i.e. to 
depths of approximately 20m).   

• Cored boreholes to investigate the subsurface consistency of potential on-Site blue-rock 
borrow locations. 

• Machine cone penetration test (CPT) soundings.  These are more appropriate through 
deeper sequences of soil and weakest rock. 

• Field earthworks cut and fill compaction trials.  Field trials of plate bearing tests (PBT) on 
in-situ and preliminary design rock cap and pavements.  This will confirm the suitability of 
the design and allow value engineering of pavement thickness to be undertaken.   

• Laboratory tests on selected soil and rock (i.e. classification, compaction, California 
Bearing Ratio) to inform pavement design, etc.  

• Geophysics techniques (ground-surface and downhole) image variability and 
consistency of the ground and geotechnical conditions along the route and/or at turbine 
locations Geophysics can provide a useful ‘infill’ investigation between subsurface 
investigation locations but requires calibration with subsurface investigations 
(test pits and boreholes). 

 
Some of the above investigations have been progressed across the Site by the Stage 2 
programme Contact commissioned in 2024. 

10.0 Limitation 

This report has been prepared for Contact Energy Limited (Contact), to inform the 
Expert Consenting Panel's consideration of Contact's application for approvals under the  
Fast-track Approvals Act 2024 and any subsequent regulatory processes. 
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Recommendations and opinions in this report are based on data from limited test positions.  The 
nature and continuity of subsoil conditions away from the test positions are inferred, and it must 
be appreciated that actual conditions could vary considerably from the assumed model. 
 
During excavation and construction, the Site should be examined by an engineer or engineering 
geologist competent to judge whether the exposed subsoils are compatible with the inferred 
conditions on which the report has been based.  It is possible that the nature of the exposed 
subsoils may require further investigation, and the modification of the design is based upon this 
report. 
 
Riley Consultants Ltd would be pleased to provide this service to Contact Energy Ltd and considers 
that the project would benefit from such continuity.  In any event, it is essential that 
Riley Consultants Ltd is contacted if there is any variation in subsoil conditions from those 
described in the report as it may affect the design parameters recommended in the report. 
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FIELD DESCRIPTION OF SOIL AND ROCK

NEW ZEALAND G EOTECHNIC AL SOCIETY INC .

3.2.6.10 Block Size and Shape
The size of blocks bound by discontinuities can be described using the terms in Table 3.10.

Table 3.10  Description of Block Size in the Rock Mass

Term Average Dimension

Very Small < 60 mm

Small 60 – 200 mm

Medium 200 – 600 mm

Large 600 mm – 2 m

Very Large > 2 m

The shape of blocks is dependent on the spacing of discontinuities and the relative persistence of the 
different discontinuity sets.  On weathering, block shape alters by rounding of block edges.  Terms 
given in Table 3.11 can be used to describe rock block shape.

Table 3.11 Rock Mass Block Shape

Block Shape Discontinuity Arrangement

Polyhedral Irregular discontinuities without arrangement into distinct sets, 
and of small persistence

Tabular One dominant set of parallel discontinuities (eg bedding planes), 
with other non-continuous discontinuities; block length and 
width >> thickness

Prismatic Two dominant sets of discontinuities orthogonal and parallel, with a third 
irregular set; block length and width >> thickness

Equidimensional Three dominant orthogonal sets of discontinuities, with some irregular 
discontinuities

Rhomboidal Three or more dominant, mutually oblique sets of discontinuities; oblique 
shaped equidimensional blocks

Columnar Several (usually more than three) sets of continuous, parallel discontinuities 
crossed by irregular discontinuities; length >> other dimensions

3.2.6.11 Rock Name
The most common rock names are given in Table 3.12 although more common usage is limited to the 
names in uppercase.  The table follows general geological practice, and the inclusion is intended as 
a guide only as geological training is required for satisfactory identification.  It must be remembered 
that engineering properties cannot be inferred from rock names. 

3.2.6.12 Additional Features and Geological Information
This includes all additional relevant information such as the name of the geological unit.  Additional 
information may be particularly important when describing weathered rocks that have the properties 
of soils (e.g. residual soils).  In such cases a description of the material as a soil (Section 2.0) should 
also be given.
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Defect description sequence explanation:

3.00-3.15m, JT, 10° / 235°, und, rg, tgt, si clay infill 1-2mm.

Depth (from - to)

Type

Dip - below 
horizontal

Roughness of defect wall

Aperture

Infill

Dip direction 
- azimuth



Appendix B
Machine Borehole Logs

ca. 2011 (BH01 - BH05)



NZGD ID: BH_182786

NZGD ID: BH_182786



NZGD ID: BH_182786

NZGD ID: BH_182786



BH1 Core Photos: 

 

BH1 0-3 m 

 

BH1 3-6 m 

NZGD ID: BH_182786

NZGD ID: BH_182786



 

BH1 6-8.81 m 

 

BH1 8.81-11.61 m 

NZGD ID: BH_182786

NZGD ID: BH_182786



 

BH1 11.61-14.53 m 

 

BH1 14.53-17.4 m 

 

NZGD ID: BH_182786

NZGD ID: BH_182786



 

BH1 17.4-20 m 

NZGD ID: BH_182786

NZGD ID: BH_182786



NZGD ID: BH_182787

NZGD ID: BH_182787



NZGD ID: BH_182787

NZGD ID: BH_182787



BH 2 Core Photos: 

 

BH2 0-3 m 

 

BH2 3-5.82 m 

NZGD ID: BH_182787

NZGD ID: BH_182787



 

BH2 5.82-8.78 m

 

BH2 8.78-11.64 m

NZGD ID: BH_182787

NZGD ID: BH_182787



 

BH2 11.64-14.5 m

 

BH2 14.5-17.48 m

NZGD ID: BH_182787

NZGD ID: BH_182787



 

BH2 17.48-20 m

 

NZGD ID: BH_182787

NZGD ID: BH_182787



NZGD ID: BH_182789

NZGD ID: BH_182789



NZGD ID: BH_182789

NZGD ID: BH_182789



BH3 Core Photos: 

 

BH3 0-4.25 m 

 

BH3 4.25-7.69 m 

NZGD ID: BH_182789

NZGD ID: BH_182789



 

BH3 7.69-10.9 m 

 

BH3 10.9-14.3 m 

NZGD ID: BH_182789

NZGD ID: BH_182789



 

BH3 14.3-17.27 m 

 

BH3 17.27-20 m 

NZGD ID: BH_182789

NZGD ID: BH_182789



NZGD ID: BH_182791

NZGD ID: BH_182791



NZGD ID: BH_182791

NZGD ID: BH_182791



BH4 Core Photos: 

 

BH4 0-3.2 m 

 

BH4 3.2-6.2 m 

NZGD ID: BH_182791

NZGD ID: BH_182791



 

BH4 6.2-9.2 m 

 

BH4 9.2-12.2 m 

NZGD ID: BH_182791

NZGD ID: BH_182791



 

BH4 12.2-15.2 m 

 

BH4 15.2-18.2 m 

NZGD ID: BH_182791

NZGD ID: BH_182791



 

BH4 18.2-20 m 

 

NZGD ID: BH_182791

NZGD ID: BH_182791



NZGD ID: BH_182792

NZGD ID: BH_182792



NZGD ID: BH_182792

NZGD ID: BH_182792



BH5 Core Photos: 

 

BH5 0-3.2 m 

 

BH5 3.2-6.2 m 

NZGD ID: BH_182792

NZGD ID: BH_182792



 

BH5 6.2-9.6 m 

 

BH5 9.6-12.8 m 

NZGD ID: BH_182792

NZGD ID: BH_182792



 

BH5 12.8-16 m 

 

BH5 16-18.6 m 

NZGD ID: BH_182792

NZGD ID: BH_182792



 

BH5 18.6-20 m 

 

NZGD ID: BH_182792

NZGD ID: BH_182792



Appendix C
Test Pit Logs and

Photographs ca. 2023
(TP101 - TP114) and

Scala Penetrometer (SC)
profiles

















































 

 

 

Client 
Project 
Title 

ROARING40’S LTD 
SOUTHLAND WIND FARM 

100-SERIES - MACHINE INSPECTION PIT PHOTOS 

Notes: 
 

 

Project No. 220372 

Pit ID:  

Date:  
Plant: 16t exc. Toothed Bucket 

Pit Toe Depth 
(m): 

 

Terminated 
Due To: 

 

 
 

Printed: 10:31 AM 11 May 2023  p.12 

 

1.10 

TP112 
24-Feb-2023 

Practicable 
Refusal 

1) Stable on all sides.   
2) Slow groundwater seep at 0.4m depth. 















Appendix D
Laboratory Test Results



























Appendix E
Jedburgh Plateau - Oblique

Geomorphic and
Geotechnical Sketch

Diagrams







Appendix F
Riley Dwgs:

220372-200 to -209


























