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INTRODUCTION
1.

My name is James (Jamie) William Yule and I am an Engineering Geologist with
Tonkin & Taylor Ltd (T+T). I hold the qualifications of Bachelor of Science (BScGeology) and a post-graduate diploma in Engineering Geology from the University
of Canterbury. I am the geotechnical lead for the T+T Ōmarunui Landfill team. I have
over eight years of consulting experience spanning a wide range of land
development, transport and infrastructure projects in a variety of geotechnical
terrains.

2.

Relevant project work I have been involved in includes implementing geotechnical
investigations, design and construction monitoring programmes for numerous large
scale infrastructure projects (including highway, wharf and major land development
projects throughout New Zealand and the Pacific). Notable projects include the
investigation phase for the Mt Messenger Highway Alliance in Taranaki,
investigations, and development of geological and geotechnical models for the

Page | 1

redevelopment of Eastland Port, Gisborne and redevelopment and construction
phases of major quarry and mine tailings expansions including Waikato North Head
Mine, Whitehall Quarry and Hunua Quarry.
3.

I have over seven years of local experience in the Hawkes Bay, including a number
of large land development projects such as Te Awa Housing Estate, Parklands Estate,
Hawkes Bay Airport redevelopment, both Napier and Gisborne Ports and major
three waters projects for Hastings District Council, including the recent Frimley and
Eastbourne reservoirs projects and associated pipeline structures.

4.

I have been involved in the ongoing supervision of geotechnical aspects of Ōmarunui
Landfill since 2018, including construction review of the current Area D liner and
capping projects. This has involved ongoing review of site activities, subgrade and
liner preparation, review of suitability of borrow materials, fill compaction testing
and quality assurance testing.

5.

I have supervised the design and execution of the site geotechnical investigations
conducted within the Ōmarunui Area B Project (‘Ōmarunui’ or ‘Project’) site, as well
as the preparation of the geotechnical factual and interpretive report issued in
December 2020 (ref: 1000647.1000) This report is attached to the Assessment of
Effects (AEE).

6.

This evidence relates to planning approvals which are being sought to authorise the
operation of a landfill at Ōmarunui Regional Landfill (Landfill) in Area B, specifically:
(a)

Application by Hastings District Council and Napier City Council, as owners of
the Landfill, for regional consents from Hawke’s Bay Regional Council (HBRC);
and

(b)

A notice of requirement by Hastings District Council as requiring authority to
Hastings District Council (HDC) to alter Designation D123 – Ōmarunui Landfill
in the Hastings District Plan.

7.

I have been engaged by the Applicants to provide geotechnical engineering advice
in relation to the Project.

8.

In preparing this statement of evidence I have read the application documents, the
submissions received on the Project. I have also read the section 42A reports
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prepared by Mr McKay on the NoR, and that prepared by Mr Shirras in relation to
the consent applications.
CODE OF CONDUCT
9.

I confirm that I have read the Expert Witnesses Code of Conduct contained in the
Environment Court of New Zealand Practice Note 2014. My evidence has been
prepared in compliance with that Code in the same way as I would if giving evidence
in the Environment Court. In particular, unless I state otherwise, this evidence is
within my sphere of expertise and I have not omitted to consider material facts
known to me that might alter or detract from the opinions I express.

SCOPE OF EVIDENCE
10.

11.

My evidence addresses the following matters:
(a)

Project description

(b)

Geotechnical investigation strategy

(c)

Geological setting

(d)

Site conditions and geotechnical hazards relevant to my assessment

(e)

Geotechnical inputs into the preliminary design

(f)

Further work required for detailed design

(g)

Comment on HBRC s 42A Report including conditions

(h)

Comment on HDC s 42A Report including conditions; and

(i)

Conclusions and summary of key issues.

I rely on the evidence of Mr Tony Reynolds in relation to matters of Hydrogeology
and Mr Tony Bryce on matters of Civil Engineering and Landfill design.

OVERVIEW OF THE PROJECT
12.

The Project comprises the construction of an extension to the Ōmarunui Landfill
(known as ‘Area B’) including initial development earthworks of approximately
650,000m3 to establish the initial development footprint. The site is located within
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the existing Ōmarunui Landfill facility, northeast of the existing landfill face within
Area D. Area B is located within a north trending valley on the northeastern side of
the landfill designation. The area is currently used as a Contractors work area,
borrow area and for disposal of surplus material. Figure A in Appendix A shows the
general site topography.
13.

Key features of the proposed works include:
(a)

Cut earthworks (approximately 650,000m3) to modify the existing valley
landform to form the gently sloping landfill basegrade. This will include
battered cuts along the valley edges at grades of between 1V:2H to 1V:3H up
to 60 m in height that will be buttressed as the landfill is progressively
developed. Generally, the slopes within the landfill cell will be at a maximum
grade of 1V:3H, with cut slopes above this to a maximum angle of 1V:2H.

(b)

Construction of a starter toe bund as part of the initial Stage 1 landfill
development and construction of a permanent final toe bund at the northern
end of the Area B Valley to provide support to the landfill behind. The toe
bunds will be ‘keyed’ into the underlying rock to provide sufficient toe support
to the landfill cell.

(c)

Construction of a fine-grained soil liner, Geosynthetic liner (GCL) and highdensity polyethylene (HDPE) lining system along the base of the landfill. This
is expected to require importing of suitable clay material from local sources
to site to form the compacted liner or use of selective materials borrowed
from site won materials or excavations within Area B.

(d)

Construction of a temporary access road along the eastern side of the new
landfill valley.

(e)

Construction of a new stormwater pond and stormwater outlet at the base of
the valley floor; and

(f)
14.

Construction of capping and leachate irrigation systems.

The Project development and staging has been further described in the evidence of
Mr Bryce.
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SITE SETTING AND GEOMORPHOLOGY
15.

Ōmarunui Landfill is located about 5km west of the Napier suburb of Taradale. The
existing landfill complex includes a 110 ha designated area within a block of hills that
is bounded by the Tutaekuri River and associated floodplain to the east, and the
broad, flat Moteo Valley to the west. The site is accessed via a sealed road from the
existing weighbridge and office compound on the eastern fringes of the site, off
Ōmarunui Road.

16.

The existing landfill in Area D is located toward the southwestern edge of the site,
within a west facing valley. Area B is located to the northeast of Area D, along the
northeastern property boundary. Area B comprises a series of moderately inclined
narrow gullies amongst a larger broad valley. Ridgelines surround the site on the
western, southern and eastern edges. The current gully system flows from the site
to the north of the Area B valley. The site plans attached to my evidence in Appendix
B show the general site topography.

17.

The steeply sloping side slopes of the Area B site comprise shallow soil cover
overlying sandstone and sandy limestone bedrock. These slopes grade down
towards a series of small drainage gullies, which are generally narrow running
towards the northwest.

18.

Published geological maps1 indicate that the site is underlain by late Pliocene aged
(1.8-3.6 Million year old) Petane formation. This comprises an assemblage of
interbedded limestones, sandstones and siltstone, generally deposited in a shallow
marine environment. The various geological units are discussed further in my
evidence and shown in Figure B in Appendix A.

19.

The nearest mapped active fault, the Awanui (Napier) fault, is located approximately
6 km to the east of the Site. An inactive fault, the Ngaruroro River Fault, is mapped
approximately 2 km to the west of the Site. Seismic hazards are discussed further in
my evidence, Section 45.

20.

Historical aerial photography identified no significant areas of natural large-scale
slope instability within the proposed Area B landfill site. However, some shallow

1

Lee. J. M, Bland. K. J, Townshend. D. B, Kamp. P.J.J (compilers), 2001, Geology of the
Hawkes Bay are, Institute of Geological and Nuclear Sciences, 1:250 000 geological map.
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slope failures and erosion were identified during site mapping, although these were
generally localised shallow landslide features or slope creep and will be removed as
part of the landfill development earthworks.
GEOTECHNICAL INVESTIGATION STRATEGY
21.

To develop a robust geotechnical model to inform the subsequent design phase,
geotechnical investigations of the ground conditions were undertaken. This
supplemented earlier work undertaken by T+T in 2009.

22.

Extensive geotechnical investigations have been carried out within the Area B site
and wider Ōmarunui Landfill complex since the 1980s. All existing investigations
were reviewed in preparing the geotechnical aspects for the Project. These
geotechnical investigations did not disclose any potential issues or ‘fatal flaws’
pertaining to the Site from a geological and geotechnical perspective for landfill
development and associated activities.

23.

T+T undertook geotechnical investigations across Areas B and C in 2009. This
included detailed drilling, test pitting and laboratory testing to assess geotechnical
conditions and constraints for future landfill expansion. Further investigations were
undertaken in 2018 to supplement the 2009 works and provide additional
investigation coverage.

24.

I designed and supervised the geotechnical investigation programme specific for the
new landfill area, building on previous work by others. These investigations were
carried out during early 2018. I have carried out geological mapping at the site which
is presented in Appendix B showing the various surface geological outcrops.

25.

A plan showing the investigations at the new landfill location is presented in
Appendix B. In total across the Area Site, investigations comprising 10 boreholes, 8
standpipe piezometers, 23 Cone Penetration tests, 31 machine excavated test pits,
and a wide range of geotechnical laboratory and in-situ testing have been
completed.

26.

Deep machine boreholes were put down to about 60m depth, along the margins and
centre of Area B to assess the site geological and groundwater conditions,
understand material strength characteristics and to facilitate in-situ packer
(permeability) testing. Standpipe piezometers were installed within selected
boreholes to allow for hydrogeological sampling and testing.
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27.

The CPT and test pit investigations were focussed on investigating the ground
conditions between the boreholes and to assist in determining the cover of softer
sediments and fill within the narrow gullies of the Site. The test pitting also allowed
for the collection of bulk samples for geotechnical laboratory testing.

28.

I consider that the investigations undertaken to date have allowed the fundamental
geotechnical conditions to be identified and a working ground model developed,
which is adequate for feasibility level design. The work carried out has also allowed
the identification of potential geotechnical issues and hazards. Together, this
information has been used to progress the feasibility design. Further supplementary
investigations may be required. However, this is expected to be minimal, e.g., further
test pits along toe bunds and starter bunds to confirm soil cover.

GEOLOGICAL GROUND MODEL
29.

The geological ground model divides the underlying strata into geotechnical units.
My interpretation of the arrangement and extent of the principal geotechnical units
is shown on the geological map and cross sections provided in Appendix B. The
geotechnical units are discussed below.

30.

The principal geotechnical units expected to be encountered across the bulk of the
Site include Petane formation Siltstones, Sandstones and Limestones. These are
encountered at variable levels across the landfill footprint, with limestone
outcropping across the steeper sections of the Area B gully slopes. The siltstones
were typically encountered towards the crest of the Area B valley, with some
exposures on the northern edge of the site, where siltstones have been excavated
for use for liner material in the existing landfill development (Area D). Gully alluvial
and colluvium deposits form the materials that infill the narrow gully floor areas
within the Site. Some uncontrolled fill is present within the former ‘Quarry’ area and
this is discussed in detail in the following Sections.

31.

The Limestone and sandstones tend to vary both vertically and laterally across the
Area B footprint. The Limestones comprise shelly sandy limestones, up to 10m thick,
typically of much higher strength (typically 10 to 30 MPa unconfined compressive
strength) than the surrounding Sandstones, although pockets of uncemented shelly
sands are present within pockets of the site.
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32.

The Limestones contain limited, widely spaced small cavities, generally only 10 to
100mm in width. There are no readily observable signs of Karst topography, tomos
(sinkholes), caves or large dissolution cavities. Considering the young age, the sandy
nature of the limestone (and the interbedded nature) and the lack of observed
evidence of tomos, large dissolution cavities within the landfill footprint are not
considered to be a key development risk.

33.

The Sandstone unit comprises the bulk of the material to be excavated from the Area
B footprint and comprises massive, relatively homogenous, very weak to weak fine
sandstones. While the Sandstone is generally slightly cemented and of very weak
strength (about 1-4 MPa Unconfined Compressive Strength), some materials
encountered in the boreholes were uncemented and more appropriately described
as very dense fine to medium sands. These is limited surface outcrop of the
Sandstone unit, due to its relatively weak strength and erodibility, aside from an
existing road cutting along the eastern edge of Area B.

34.

Colluvium deposits (material deposited through slope mass movement and creep)
covers the lower third of the valley slopes within Area B and is typically up to 1m
thick. This material is predominately loose, uncemented, reworked sandstone,
containing minor boulder sized fragments.

35.

Alluvium (fluvially deposited material) fills the centre of the gullies within Area B and
comprises sandy organic silts and silty sands, generally firm (where silty) or loose
(where sandy).

36.

The southern end of Area B is colloquially known on site as ‘the Quarry’. It is
understood this area was excavated to provide liner soils for Area A and was
subsequently backfilled with uncontrolled fill from the construction of Area D. The
former quarry area, adjacent to the existing access road, has been extensively filled
by up to 22m depth. The uncontrolled fill typically comprises sandy silts, fine sands
with some organics and boulders with minor clay. it is generally understood this
material was end tipped and track rolled with minimal compactive effort. The
northern margin of ‘the Quarry’ is well defined by a remnant highwall feature (now
buried) and can be clearly seen on historical aerial photography. This means the
contact is very steep and is discussed further in the ground settlement section of my
evidence.
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37.

Groundwater has been monitored through a series of deep monitoring wells
installed within the machine boreholes. Regional groundwater is generally located
at about 20 to 26 m RL, well below the proposed landfill basegrade level of RL 30 m.
Some perched groundwater has been observed within BC7A, within the former
quarry area, at a grade of around RL 35 to 40m. The hydrogeological conditions are
described further in Mr Reynolds evidence.

38.

The geological structure at the site indicates a relatively flat lying horizontally to
gently inclined bedded north dipping sedimentary sequence. There are no readily
traceable fault structures within Area B and the rapid change in stratigraphy is
expected to be a result of rapid changes in deposition within a shallow marine
environment as opposed to disturbance by geological faulting.

39.

I have assigned geotechnical design parameters to the various geotechnical units
based on the geotechnical assessments, investigations and laboratory testing
undertaken to date.

GEOTECHNICAL ASSESSMENT
40.

I prepared the geotechnical assessment for the Project. That purpose of that
assessment was to assess the potential natural hazards and geotechnical aspects of
the new landfill development, to ensure the cell is constructed as to comply with
relevant geotechnical design criteria and to inform the drafting of appropriate
consent conditions, to avoid, remedy or mitigate any potential geotechnical hazards
and risk. The key findings are presented in further detail below.

GROUND SETTLEMENT
41.

The ground beneath the new landfill cell, will need to be excavated to form the
required basegrade levels. This will require significant excavation of Petane
formation sandstone and limestone rock. Localised sub excavation is proposed to
remove weak gully alluvium soils within the narrow gully structures within Area B.
These are up to 9m deep, but typically about 4 to 6m on average and very narrow in
footprint. The alluvium is proposed to be removed during earthworks, to mitigate
the risk of excessive localised (differential) settlement and liquefaction on the liner
system (i.e. excessively stretch the membrane). The membrane and liner system is
discussed in more detail in Mr Bryce’s evidence.
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42.

I consider that most of the landfill is within cut bedrock with sufficient strength, and
therefore settlement of the basegrade under the weight of the refuse is considered
to be a low risk. I discussed earlier that loose gully alluvium will be excavated and
replaced to mitigate any settlement risk associated with these limited areas.

43.

During later stages of landfill development, the former quarry area will be
surcharged by the eventual landfill profile. Therefore, at some point the filled former
‘quarry’ area could be expected to experience settlements of between 100 to
850mm of settlement due to loading of 18 to 20m of refuse during final landfill
construction. Differential settlement on the liner system due to the sharp buried
quarry highwall contact and applied load by the refuse will require mitigation. The
margins of this area will require further detailing to prevent excessive liner strains
over the buried former quarry highwall. It is proposed in this area that the upper
5m of the highwall is battered back at gentler angles of about 1V:3H and the
subsequent excavation backfilled and reinforced with geogrid to mitigate excessive
differential settlement and liner strain in this localised area.

44.

On the basis of the above, I consider that the anticipated ground settlement risk due
to refuse filling can be mitigated sufficiently through appropriate site controls and
earthworks practises. Accordingly, ground settlement is not expected to adversely
affect the integrity of the proposed liner system.

SEISMIC CONSIDERATIONS
45.

I have assessed the potential for seismic induced hazards within the Project
footprint. These hazards are liquefaction and seismically induced (strong ground
shaking) slope failures. The site is over 6km from the nearest active fault, located
southeast of the Project. Accordingly, fault ground rupture is not considered a
significant risk for the Project.

LIQUEFACTION VULNERABILITY
46.

Seismically induced liquefaction can occur when excess pore water pressures are
generated in loose, saturated, generally cohesionless (sandy) soils during
earthquake loading. This can cause ground settlement, loss of soil strength and
inundation from sediment ejecta.

47.

The landfill cell construction earthworks will remove the underlying limited alluvial
cover and the landfill toe bunds will be keyed into competent ‘non-liquefiable’
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sandstone rock. Accordingly, I consider the risk of liquefaction of the landfill cell
development to be very low to negligible.
48.

As a result, it is my opinion that lateral spreading (ground displacement in a
downslope direction due to liquefaction) is not a risk for the Project.

SLOPE STABILITY
49.

Slope stability assessments were undertaken across the main eastern highwall cut
(assessed worst case) and through the proposed final toe bund. Cut slopes around
the western area are also proposed. However, the eastern highwall is the highest
and the steepest cut slope, with some grades designed at 1V:2H due to the
constraining proximity of the property boundary. The slope stability assessments
have been undertaken on the post-excavation landfill prior to refuse filling for the
cut slopes (unbuttressed worst case) and on the final filled profile for the toe bunds
(full landfill worst case). Interim waste staging is not considered to be significant
from a stability point of view compared with post-excavation (empty landfill) and
post-closure (full landfill) profiles.

50.

Slope stability design criteria has been defined based on previous stability
assessments at Ōmarunui landfill and general industry guidance. These are outlined
below in the case of the eastern highwall, with our modelling that indicates
acceptable Factors of Safety (FoS).

Figure 1- Slope stability requirements and modelled results for eastern cut face.

51.

Notwithstanding the assessed suitable global stability, localised surficial and scour
erosion will need to be mitigated during the Project. Following excavation, exposed
slopes should be hydroseeded or topsoiled to limit erosion. Alternatively, erosion
matting projects could be considered.

52.

The permanent toe bund at the base of Area B required more complex ground
modelling and stability assessment, where a weak interface is needed to be allowed
for to simulate the liner interface. Under the static and elevated leachate conditions
(i.e., to simulate extreme rainfall events), acceptable factors of safety were
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calculated. Acceptable safety factors were not achievable for the Ultimate Limit
State (ULS) seismic design case, where the seismic loads are very high in the Hawkes
Bay Region. Accordingly, a range of mitigation design measures have been adopted
to increase the theoretical FoS, including raising of the bund crest level to
RL 35 m, leaving the initial starter bund in place within the final landfill form and
including a shear key beneath the toe bund. I consider that these all assist in
providing further toe restraint to a potential sliding mechanism along the base liner.

Figure 2-Slope stability analysis requirements and modelled results for landfill toe bund

53.

With design measures in place, the theoretical FoS vales were still less than unity
(i.e. 1.0). So, for these ULS seismic design cases, the potential failure displacements
were estimated in the order of 50mm across the central axis of the landfill. Based on
published guidance, a maximum displacement of 100mm was used as the maximum
allowable limit for liner displacement under the ULS seismic design case. The
estimated displacements based on our modelling are about half of the limiting
values. Accordingly, I consider that seismic stability of the landfill post-closure form
is acceptable with further modelling to be completed during the final design stages.
In my report I also describe how the 2-D analysis is relatively conservative as it does
not include the buttressing effects of the slopes either side of the toe bund, which
is expected to improve actual performance.

MATERIAL RE-USE
54.

In general, the bulk of the excavated material from Area B will be sandstone and
limestone rock, which is expected to be unsuitable for use in liner construction due
to the coarse grading of the crushed material. However, I consider this material
would be suitable as bulk fill, for replacement of alluvial gully areas, for toe bunds
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and associated shear keys subject to further testing and engineering review during
construction.
55.

There is a shortage of suitable liner and capping material on site. Limited volumes of
weathered siltstone are expected to be sourced from cut slopes within the Area B
development and could potentially be borrowed from Area C, to the west of Area B.
Alternatively, alluvial sediments from gully undercuts could potentially be
conditioned (dried) for use as liner or capping, subject to further lab testing.
However, this material would be of limited extent.

56.

The most likely source of liner and capping material will comprise off-site sources. In
recent months I have assisted HDC in assessing multiple borrow sites in the lower
reaches of the Clive and Ngaruroro Rivers. Hawkes Bay Regional Council (HBRC) are
undertaking multiple dredging and silt excavation operations from the lower reaches
of the rivers, as flood mitigation. Testing recently carried out by T+T has identified
several areas of suitable clay materials. It is expected that this practise will continue
for the development of Area B and further sampling and testing will be needed to
confirm the material sources. This will be progressed as the detailed design
commences.

RESPONSE TO RECOMMENDED CONSENT CONDITIONS
57.

I have provided a review of and comments on the Geotechnical and Design
Conditions (Conditions 2 to 4). These conditions in the condition set are attached to
the evidence of Ms Brabant, which I support.

FURTHER WORKS FOR DETAILED DESIGN
58.

I consider that further works will be required during detailed design to support the
preparation of detailed design drawings. These further works will include limited
geotechnical investigation, specific to key features and further analyses and
reporting. Tasks are expected to include:
(a)

Further test pit investigations across the location of the start bund and
stormwater ponds. This will be to confirm the excavation depths and
methodology for gully alluvial sediment removal and construction of stability
enhancing shear keys.
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(b)

Undertake further investigations to support the design of the stormwater
pond. This may include a combination of test pits, shallow boreholes to install
monitoring wells and laboratory testing to confirm pond and liner compaction
sources.

(c)

Detailed slope stability modelling of the final starter and toe bunds and
associated shear keys.

(d)

Geotechnical inputs into a Project earthworks specification, confirming details
for material handling, imported material requirements, cut and fill
methodology, compaction requirements, subgrade preparation and testing
specifications.

(e)

Construction review by a suitably qualified Geotechnical Engineer or
Engineering Geologist.

(f)

Preparation of completion documentation on satisfactory completion of each
earthworks phase.

SUBMISSIONS AND SECTION 42A REPORTS
59.

I have reviewed the submissions received on the application and note that there is
nothing raised in the submissions that is of particular relevance to geotechnical
matters and therefore have not further commentary.

60.

I have also reviewed the comments on geotechnical stability in the section 42A
reports prepared for HBRC (at page 25) and HDC (pages 50-51). Neither raises any
issue requiring further comment.

CONCLUSION
61.

In conclusion, I consider that sufficient information has been obtained for feasibility
level design to indicate the specific project geotechnical hazards can be addressed
and resource consents are able to be supported.

Jamie Yule
2 September 2021
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Appendix A: Figures
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Figure A: Ōmarunui Landfill proposed Area B. Looking north towards the proposed toe bund, with gully system in the foreground.

Figure B: Published geology of the Ōmarunui landfill and surrounding area.
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Appendix B: Figures
•

Site layout plan

•

Site investigation plan

•

Geological map
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