BEFORE THE HEARING PANEL

IN THE MATTER of the Resource Management Act 1991
AND
IN THE MATTER of the Proposed Waikato District Plan

STATEMENT OF EVIDENCE OF KENNETH JOHN READ (GEOTECHNICAL)

Dated 17 February 2021

LACHLAN MULDOWNEY
BARRISTER

P +64 7 834 4336 M +64 21 471 490
Office Panama Square, 14 Garden Place, Hamilton
Postal PO Box 9169, Waikato Mail Centre, Hamilton 3240

www.lachlanmuldowney.co.nz

Instructing Solicitor:
Phil Hyde

Norris Ward McKinnon
Phil.hyde@nwm.co.nz



mailto:Phil.hyde@nwm.co.nz

INTRODUCTION

1. My full name is Kenneth John Read.

2. | hold the following qualifications:

(a) Bachelor of Science (Geology) (2:1 Honours), 1982, from the
University of Edinburgh;

(b)  Master of Science (Engineering Geology), 1984, from the University

of Newcastle upon Tyne.

3. | am a Registered Chartered Professional Engineer (CPEng) with
Engineering New Zealand. | am a Chartered Geologist with the Geological

Society of London (UK).

4, | have 38 years’ experience in engineering, geological, and geotechnical
engineering consultancy, the last 14 of which have been in New Zealand.
The previous 24 years were in the UK with much of that working in areas
of historic coal mining (Central Scotland, North East England and the

English Midlands) and metalliferous mining (South West England).

5. | have been engaged by Shand Properties Limited (Shand) to provide
preliminary geotechnical investigation and assessment of its properties off
Russell Road, Huntly and off Ralph Road/East Mine Road with respect to

possible residential and industrial development respectively.

CODE OF CONDUCT

6. | have read the Environment Court Code of Conduct for expert witnesses
contained in the Environment Court Practice Note 2014 and agree to
comply with it. | confirm that the opinions expressed in this statement are

within my area of expertise except where | state that | have relied on the



evidence of other persons. | have not omitted to consider materials or

facts known to me that might alter or detract from the opinions | have

expressed.

SCOPE OF EVIDENCE

7.

My evidence will address the following:

(a)

(b)

(c)

The results of my high level, desk study assessment of mining risk for
the proposed development, in particular the risk of unacceptable
settlement of the ground surface due to collapse of abandoned mine

workings at depth beneath the properties.

My evidence will also address the results of an intrusive ground
investigation undertaken to identify and assess other potential

geotechnical hazards and risks to the proposed developments.

| have prepared two reports, one on mining related issues and one
on geotechnical issues to support a feasibility assessment for the
proposed developments. My evidence summarises those two

reports.

SUMMARY OF EVIDENCE

With respect to mining-associated risks to the development, my desk study

of information in reports previously prepared by others for Waikato District

Council concluded that there is a low risk of mining subsidence affecting

the proposed developments. This is primarily based on the recorded

methods of mining beneath the two areas, the depth at which mining

occurred, the time since mining ceased and settlement records presented

in the reports assessed.



10.

11.

With respect to geotechnical hazards and risks affecting the proposed
developments, the findings presented in my Geotechnical Investigation
Report (GIR) led me to conclude that there are no major geotechnical risks
that cannot be managed and/or mitigated against at reasonable cost. The
residential development proposed for the land immediately north of
Russell Road is located across elevated moderately steep slopes formed in
stiff clay soils. Potential instability of those slopes was considered the
primary geotechnical risk for this development. The findings of the
investigation undertaken indicate that the slopes have a satisfactory level
of stability and development can be undertaken following conventional

earthworks and construction practice.

The area being considered for proposed industrial development in the low-
lying land north of East Mine Road is underlain by geologically younger
sediments of a predominantly sandy nature. The investigation found that
these soils have low shear strengths and there is a shallow groundwater
level. Low foundation bearing strength, unacceptable foundation
settlements and potential liquefaction are the primary geotechnical risks
associated with development in this area. Analysis of the data obtained

indicates that these risks can be effectively managed and mitigated.

Further detailed geotechnical investigation of these identified matters can
be conducted at the subdivision stage of the future development, with

suitable conditions imposed as part of any subdivision resource consent.

MINING-RELATED ISSUES

12.

My assessment of mining risk relies heavily on data collated and presented
in the reports prepared by others for Waikato District Council (historic
reports) and listed in Section 2 of my letter report entitled “High Level

Mining Risk Review, North Huntly Land Development (Areas 1, 2 and 3)”?!

1 Reference HAM2019-0082AD.



dated 10 February 2020 which is Attachment 1. This was supplemented
by a review of historic aerial photography, old maps, and published geology
as described in Section 3 of that report. | also carried out a walkover
inspection of the proposed development area as described in Section 4 of

that report.

13. It should be noted that the numbering of the development areas has been
amended since preparation and issue of that report. The revised area
numbers are shown on the appended Land Holding Plan prepared by BBO?
which is Attachment 2. The relationship between the area numbers used

in my report and the new numbering is shown on Table 1 below.

Table 1: Development Areas Numbering

Development Area(s)

CMW Reports 1 2 3

BBO 1 2,3and 4 5and 6
Land Holding Plan

14. The study area has been mined for coal by Huntly East Mine with the last
coal produced in October 2015. The area south of Russell Road was worked
first in the early to mid-1980s. The geotechnical risks associated with the
past mining activities are settlement and deformation of the ground
surface caused by collapse of mine workings at depth, and migration of

mine gases, (primarily methane) to the ground surface.

15. Settlement monitoring data collated and reported by others is limited to
Russell Road and to areas to the south of Russell Road. Copies of selected
figures showing recorded settlements in the vicinity of Russell Road taken
from lan R Brown Associates’ March 2015 report are shown in Attachment

3 to my evidence.

2 Drawing No 144370-02-0141 Rev C dated 21 January 2020.



16.

17.

18.

19.

From data presented on Figures 2, 10 and 11 of Attachment 3, total
settlements of the order to 75mm to 100mm have been recorded along
Russell Road, the majority of which occurred pre-2009. In the case of
monitoring point E10 settlement, this was mostly prior to 1998.
Monitoring of those points that could still be found in 2014 suggests
settlements of the order of 1 to 3mm may have occurred in that period. It
is my opinion that those values are probably within the error of survey

measurement.

Mine plans included in the historic reports show much of the land north of
Russell Road, beneath the majority of the area of proposed residential
development, is underlain by mine roadways that were formed to provide
access to the mine as a whole. These roadways are usually highly
engineered and designed to remain open. A small proportion of the
western margin of the residential area is underlain by an area of fuller coal
extraction. From my reading of the historic reports, | understand this area
to have been worked by longwall mining techniques. This mining
technique is known to result in ground settlement soon after coal

extraction, with a low risk of long-term on-going settlement.

| am not aware of any settlement monitoring records for the land north of
East Mine Road. There is reference in one of the historic reports, cited in
my report (Attachment 1), to an earlier report by Pilbrow in 1988. That
report is stated to describe about 1m of settlement affecting the ground

surface to the north and east of the main mine entry.

A study of old maps and aerial photographs of the area north of East Mine
Road shows development of the wetland west of Ralph Road sometime
between 1984 and 1991 (in the aerial photographs) and 1989 and 1999 (in
the old maps). | consider that development of this wetland and associated

changes in stream courses seen over that period is most probably a



20.

21.

22.

23.

consequence of mining related surface settlement occurring soon after
longwall mining of coals beneath that area. Survey contour data suggests
that changes in ground level of the order of 1m may have occurred in the
area of the wetland. Undulations in the road surface of East Mine Road
also suggest localised mining related settlement over the longwall

workings (see photograph 2 of Attachment 1).

There is a significant thickness of rock and soil above the mine workings.
Beneath the residential area there is between approximately 77m and
190m of rock and soil above the mine workings. Beneath the industrial
area there is of the order of 190m of rock and soil above the mine workings.
The combined effect of this is to make the creation of any “crown” or
“swallow” holes at the ground surface, generated by collapse of mine
workings extremely unlikely and to ‘smooth out’ surface settlement over a

large area.

In summary, | consider that the presence of the mine access ways beneath
part of the area of proposed residential development and the use of
longwall mining techniques beneath the remainder of both it, and all of the
area of proposed industrial development, poses a low risk of on-going

mining related surface settlements.

The thickness of rock and soils over the mine workings is such that, should
any collapse occur in them, any resulting surface settlements should be
spread over a wide area. | agree with the previous reporting that the risk
of resulting differential surface settlements being unacceptable under the

Building Code is very low.

There is a possibility that methane gas generated in the mine working may
escape and migrate through the intervening strata to the ground surface.
This is unlikely to pose a hazard unless it accumulates to hazardous levels

in an enclosed space. There are a number of simple and easy to install



measures that mitigate this low risk. Examples include gas proof
membranes in floor slabs, under slab venting, vent (gravel filled) trenches

around buildings and vented covers to buried chambers.

GEOTECHNICAL ISSUES — RESIDENTIAL DEVELOPMENT NORTH OF RUSSELL

ROAD

24,

25.

26.

Details of the geotechnical investigation undertaken for this part of the
proposed development area are presented in my report entitled “North
Huntly Development, East Mine Road Huntly, Geotechnical Investigation
Report” dated 13 July 20203 which is Attachment 4 to my evidence. In that
report, this land area is labelled “Area 3” but is now Area 6. This area
comprises hill topography sloping down from Russell Road in the south to
East Mine Road in the north. The hill is divided into two by an

approximately north/south trending gully close to the midpoint of the area.

At the toe of the slope is generally flat-lying land with local springs and
surface water ponding. The hill has been found to be formed from
predominantly very stiff to hard clay strata with sub-ordinate thin silts and
sands. The low-lying land is underlain by variably dense sands with shallow

groundwater. The proposed development is confined to the hillside.

The liquefaction risk for the land beneath the proposed development as
described in Sections 6.4 to 6.6 of my report has been assessed as very low.
Slope stability analyses have been carried out for the existing landform as
described in Section 6.8 of my report. These analyses have determined that
the existing slopes have Factors of Safety against landslip in excess of those
usually set as a minimum for prevailing site conditions, elevated
groundwater conditions, and a 1 in 500-year seismic event. Foundation
conditions in this area meet the criteria for ‘good ground’ with an ultimate

geotechnical bearing capacity of 300kPa. The soils in this area are easily

3 Reference HAM2019-0082AF Rev 0.



worked and earthworks in this area may be carried out by conventional

means and equipment.

GEOTECHNICAL ISSUES NORTH OF EAST MINE ROAD

27.

28.

Details of the geotechnical investigation undertaken for this part of the
proposed development area are presented in Attachment 4. In that report
this area is labelled “Areas 1 and 2”. The land in these areas is low-lying
and gently undulating. Part of the area is occupied by a wetland designated
a ‘Significant Natural Area’. The low-lying land was found to be underlain
by alluvial soils comprising interbedded sand, silt and clay as described in

Section 5.2.1 of Attachment 4.

Of particular interest with respect to the possible future development of
these areas is the presence of loose to medium dense sandy soils to
approximately 5m depth, and medium dense sands below that to
approximately 16m depth (Table 1 of Attachment 4). The shallow soils

have poor foundation properties and are potentially liquefiable.

LIQUEFACTION POTENTIAL

29.

The liquefaction risk has been assessed following current guidance in
“Earthquake Engineering Practice, Module 3, Identification, assessment
and mitigation of liquefaction hazards” from MBIE and the New Zealand
Geotechnical Society (May 2016), as described in Section 6.4 of
Attachment 4. Liquefaction analysis was undertaken on data obtained
from each Cone Penetrometer Test (CPT) undertaken in the low-lying area.
The analyses undertaken indicate that the soils present are at high risk of
liguefaction for the Ultimate Limit State (ULS) seismic event modelled, a 1

in 500-year event.



30.

31.

32.

Estimated liquefaction induced surface settlement arising from
liqguefaction in the upper 10m of soil ranges between 65mm and 105mm
for the existing ground profile. To enable a qualitative comparison of this
level of liquefaction and potential damage, it could cause | have referred
to two widely used indices, the Liquefaction Potential Index (LPl) and
Liquefaction Severity Number (LSN). Charts of the respective indices
calculated for each CPT location are presented in Appendix E of
Attachment 4. The LPI value ranges from 4 to 12 and are classified as “low”
to “high risk” with the majority of values close to 5, the transition value
between the two classifications. The LSN value ranges from 8 to 22 and
classifies as “minor” to “moderate” expressions of liquefaction with the
majority in the ‘minor’ expression of liquefaction. Comparison of these
results to Table 5.1 of MBIE Module 3 previously referred to indicates the
land may be considered to meet ‘performance level L3’. This implies the

effects of liquefaction may be ‘high’.

| now understand that development may be restricted to Area 1 and the
northwest of Area 2 (i.e. the west side of Area 2 on the appended BBO Land
Holding Plan). The analyses of CPTs located in these areas (Nos 04, 06, 08,
09 and 010) gave LPI values of between 5.65 and 6.39, just above the low
to high-risk threshold value of 5. Analyses of these same CPTs for LSN gave
values of between 11.87 and 15.45, all within the ‘minor expression of
liguefaction’ range. Comparison of these results to Table 5.1 of MBIE
Module 3 previously referred to, indicates the land is marginal between
performance levels L2 and L3. This implies the effects of liquefaction in this

area may be ‘moderate’ to ‘high’.

Subsequent to preparation of my report in Attachment 4, | have analysed
the CPT data for a 1 in 100-year seismic event using a Peak Ground
Acceleration of 0.11g and for a Magnitude 5.8 earthquake. No liquefaction

was found to occur in the upper 10m of soils. After review of the above, |



33.

34.

10

consider that the land is of Medium Liquefaction Vulnerability as defined
in Table 4.4 of “Planning and Engineering Guidance for Potentially

Liquefaction-Prone Land” (MBIE September 2017).

Charts of the respective indices calculated for each CPT location with an
additional metre of fill placed are presented in Appendix B of this
submission. These show reduction in LSN value to between 4 and 15 (little
to minor expression of liquefaction) and LPI to between 2 and 8 (still
classifies low to high risk but generally reduced with a greater proportion
of CPT locations classed as low risk). For those CPTS located in Area 1 and
the northwest of Area 2 the LSN values range between 3.6 and 5.3,
generally in the low-risk category with only one value over high-risk
threshold value of 5. For those CPTs the LSN value determined range
between 7.9 and 12.1 ranging between “little or no expression of

liguefaction” to “minor expression of liquefaction”.

Lateral spreading due to liquefaction can occur on sloping land or where a
‘free face’ is present. In this case the nearest free faces are the Waikato
River and the wetlands near Ralph Road. | have qualitatively assessed the
risk of lateral spread towards the Waikato River affecting the site to be low
based on experience of more detailed assessments along the Waikato River
side. The risk of spread towards the wetland near Ralph Road will be
dependant of the final site layout adopted and will need to be assessed at
the detailed design stage. However, if development is limited to the
northwest part of Area 2, | expect, by inspection of the data, the risk of

lateral spread towards the wetland affecting that area to be low.

FOUNDATION CONDITIONS

35.

As stated in section 7.2 of Attachment 4, the foundation conditions
beneath this area are highly variable, with ultimate geotechnical bearing

capacities of less than 300kPa. There is also a significant risk of



11

unacceptable total and differential settlements without some form of
ground improvement and/or specific engineer designed foundations to
mitigate and manage settlement. Piled foundations are not recommended
due to the liquefaction risk. Undercutting and replacing near surface loose
/soft soils with engineered fill is a ground improvement option which

should significantly improve foundation conditions.

GROUND IMPROVEMENT

36.

Ground improvement measures that may be adopted in this area to
mitigate settlements arising from foundation and fill loads, and the
potential effects of liquefaction (settlement and lateral spread) are

described in a Section 7.4 of Attachment 4.

CONCLUSION

37.

38.

| consider that with respect to the potential mining-related hazards of long
term and on-going settlement, and of methane gas migration, the risks of
detrimental effects to the possible development of the residential and
industrial areas proposed are low and manageable using conventional

engineering solutions as described above.

From my assessment of ground conditions beneath the proposed
residential development off Russell Road | consider that the geotechnical
hazards of slope instability and liquefaction are low risk and easily
managed by conventional engineering practice. | also consider that the
liguefaction hazard in the proposed industrial development area is
moderate, and that associated risks and poor foundation conditions can be

practically mitigated and managed.



12

39. | consider that the conventional and widely used ground improvement
techniques described in my report should provide suitable means of doing

SO.

Kenneth John Read
17 February 2021
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Attachment 1

CMW: High Level Mining Risk Review, North Huntly Land Development (Areas
1,2 and 3)























https://waikatomaps.waikatoregion.govt.nz/Viewer/?map=8d6d6fda779b4e59951953ae97d0ec4a
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Attachment 2

“Land Holding Plan”, BBO Drawing No 144370-02-0141 Rev C
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Attachment 3

Figures 2, 10 and 11 from “Huntly East Land subsidence due to coal mining —
Investigation and analysis of potential hazard”, IRBA Geological Engineering
Consultants, Project ref 1003
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Attachment 4

CMW: North Huntly Development, East Mine Road Huntly, Geotechnical
Investigation Report





http://www.cmwgeosciences.com/
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5.2.3 Summary

The distribution of the soils encountered within Areas 1 and 2 is illustrated on the appended Geological

Section A (Drawing 03) and presented below in Table .

Table 1: Strata Encountered in Areas land 2

Depth to Top (M)

Thickness (m)

Strata

Min Max Min Max
Topsoil GL 0.2 0.4
Stiff Orange brown Silts and Sandy Silts* (TPA) 0.2 0.4 0.2 0.4
Interbedded Loose to Medium Dense Sands and Silts (TPA) Varies ~ 5m 4.2 4.6
Medium Dense Sands (TPA) Varies ~ 13m Approx. 3m

Interbedded Medium Dense to Dense Sand and Firm Clay (TPA)

Approx. 16m

Firm Clay/Silt (WS)***

9.4

Notes: TPA = Taupo Pumice Alluvium, WS = Walton sub-group

** Strata only encountered in HA08, HA10 and HA15
*** Strata only encountered in CPT06

* Strata not encountered in HA08, HA10, HA12 and HA14

Thickness is only recorded were base of strata has been confirmed.

The distribution of strata encountered within Area 3 is illustrated on the appended Geological Section B

(Drawing 04) and presented below in Table 2.

Table 2: Strata Encountered in Area 3

Depth to Top (m)

Thickness (m)**

Stratum

Min Max Min Max
Topsoil GL 0.2 0.5
Very Stiff to Hard Clays and Silts (WS) 0.2 0.5 2.8 2.5
Medium Dense Sands (WS) 3 3 15 4
Stiff to Very Stiff Clay (WS) 45 7 7 9.5
Medium Dense Sand (WS) 14 14
Loose Sands* (TPA) 0.2 0.5 15 1.6
Medium Dense Sands* (TPA) 1.7* - >0.3 -

Notes: TPA = Taupo Pumice Alluvium, WS = Walton sub-group

* Strata encountered in HA03 and HA05

** Thickness is only recorded were base of strata has been confirmed.

CMW Geosciences
Ref. HAM2019-0082AF Rev. 0
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5.3 Groundwater

During the investigation, which was carried out in autumn (May 2020), groundwater was encountered within

the CPTs and boreholes at the depths provided in Table 3:

Table 3: Groundwater Levels Encountered and Measured in Boreholes
May 2020 05 June 2020
Approx. Hole
Location Relative Depth Formation Depth to GW Level Depth to GW
Level (m) (mbgl) GW (m RL) GW Level
(mbgl) (mbgl) (m RL)

HAO1 20 5 WS DRY - - -
HAO2 13 5 WS 2.8 10.2 - -
HAO03 8 2 TPA 1.1 7.9 - -
HAO04 21 5 WS DRY - - -
HAO05 10 2 TPA 0.05 9.95 - -
HAO06 10 2.8 TPA DRY - - -
HAOQ7 10 29 TPA DRY - - -
HAO08 11 5 TPA DRY - - -
HA09 11 2.7 TPA DRY - - -
HA10 9 5 TPA 2.1 6.9 - -
HA1l 11 4 TPA 34 7.6 - -
HA12 10 3.1 TPA DRY - - -
HA13 10 5 TPA DRY - - -
HAl4 10 4.4 TPA 2.3 7.7 - -
HA15 10 5 TPA 4.6 54 - -
HA16 9 3.9 TPA 2 7 - -
CPTO1 23 20 WS >4m - - -
CPTO02 24 20 WS >10m - - -
CPTO3 10 20 TPA 6 4 - -
CPTO4 10 20 TPA 4.1 6.1 3.7 6.3
CPTO5 10 20 TPA 2 8 - -
CPTO6 11 20 TPA 4 7 - -
CPTO7 9 20 TPA 1.7 7.3 - -

CPTO8 10 20 TPA 3.7 6.3 4.85 5.15
CPTO9 10 20 TPA 5 5 - -
CPT10 9 14.9 TPA 3.2 5.8 - -

Groundwater was not encountered in all exploratory holes during our investigation. It should be noted that
groundwater observations during and shortly after drilling are indicative only and may not reflect equilibrium
levels. Some seasonal variation may also occur.

CMW Geosciences

Ref. HAM2019-0082AF Rev. 0
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Further, given the presence of a variable soil profile it is possible that perched groundwater may occur during
and following periods of rainfall.

Based on our review of the Waikato Regional Council water borehole database we consider that the regional
groundwater table in the vicinity of the site lies at approximately RL 7m with anticipated groundwater flow
towards the Waikato River located approximately 80m to the west of the site.

6 GEOHAZARDS ASSESSMENT

6.1 Context

Section 106 of the Resource Management Act” (RMA) requires an assessment of the risk from natural
hazards to be carried out when considering the granting of a subdivision consent. Section 106 of the RMA
specifically states that the assessment must consider the combined effect of the natural hazard likelihood
and material damage to land or structures (consequence).

The following sections of this report provide an assessment of the geohazards relevant to this site and
provide the basis for the Natural Hazards Risk Assessment presented in Appendix D.

6.2 Seismicity

A seismic assessment has been carried out in general accordance with NZGS guidance® to calculate the
peak horizontal ground acceleration or PGA (amax) as follows:

R
Amax = Co,1000 1—3x fxg

Where: Co,1000 = unweighted PGA coefficient (Subsoil Class D see section 7.1 for derivation)
R = return period factor given in NZS1170.5, Table 3.5
f = site response factor subject to subsoil class (Subsoil Class D)
g = acceleration due to gravity
The ultimate limit state (ULS) and serviceability limit state (SLS) PGAs were calculated based on a 50-year

design life in accordance with the New Zealand Building Code® and importance level (IL) 2 structures. The
PGA for the SLS and ULS earthquake scenarios is shown on Table 4:

Table 4: Design PGA for Various Limit States

Limit State ARI R PGA(9) Magnitudeeis
SLS 25 0.25 0.06 5.8
ULS 500 1.0 0.22 5.8

Note: SLS = serviceability limit state; ULS = ultimate limit state; ARI = annual return interval

6.3 Fault Rupture
The nearest known active fault to the site is the Kerepehi fault located approximately 38km to the east.
This fault is recorded as having a recurrence interval of between 2000 and 3500 years.

The site is therefore considered to be at low risk of fault rupture.

7 Resource Management Act (1991), as at 29 October 2019

8 NZ Geotechnical Society publication “Earthquake geotechnical engineering practice, Module 1: Overview of the
standards”, (March 2016)

9 Ministry of Business, Innovation and Employment (1992) NZ Building Code Handbook, Third Edition, Amendment 13
(effective from 14 February 2014)

CMW Geosciences 9
Ref. HAM2019-0082AF Rev. 0
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6.4 Liquefaction

6.4.1 General

Soil liguefaction is a process where typically saturated, granular soils develop excess pore water pressures
during cyclic (earthquake) loading that exceed the effective stress of the soil. In loose soils, some dilation
can occur during this process, which can lead to individual soil grains moving into suspension. Following
the onset of liquefaction, the shear strength and stiffness of the liquefied soil is effectively lost causing
excessive differential settlement of the ground surface, bearing capacity failure and collapse of structures
and low-angle lateral spreading of slopes in liquefiable soils.

In accordance with NZGS guidancel® the liquefaction susceptibility of the soils at this site has been
considered with respect to geological age, soil fabric and soil consistency / density.

6.4.2 Geological Age

The vast majority of case history data compiled in empirical charts for liquefaction evaluation come from
Holocene deposits or man-made fills'112, Pleistocene aged alluvium (>12,000 years) is also considered to
have a very low to low risk of liquefaction'?

The Walton Subgroup clays and silts found within Area 3 of the site are of Pleistocene geological age and
therefore not considered to have a high potential for liquefaction.

Elsewhere across the site, many of the soils below the water table comprise sands and silts of the Taupo
Pumice Alluvium. These soils are of Holocene geological age. These deposits are therefore considered
susceptible to liquefaction.

6.4.3 Soil Fabric

Soils are also classified with respect to their grain size and plasticity to assess liquefaction susceptibility.
Based on more recent case histories, there is general agreement that sands, non-plastic silts, gravels and
their mixtures form soils that are susceptible to liquefaction. Clays, although they may significantly soften
under cyclic loading, do not exhibit liquefaction features, and therefore are not considered liquefiable.

The fines content of the sands beneath the site can also have a significant impact on their liquefaction
susceptibility.

The loose sandy soils of the Taupo Pumice Alluvium beneath Areas 1 and 2 are therefore considered to be
susceptible to liquefaction.

The stiff clay soils forming the high ground in Area 3 are considered unlikely to liquefy.

6.4.4 Specific Analyses

The clay soils of the Walton Subgroup in Area 3 are at low risk of liquefaction due to their stiff cohesive
nature, age and deep groundwater level. However, for prudence a specific analysis of these soils was
undertaken.

The loose sandy soils of the younger Taupo Pumice Alluvium which underlie Areas 1 and 2 are considered
at risk of liquefaction and a specific analysis has therefore also been undertaken for these soils.

Specific liquefaction analyses were undertaken using the software package CLiq by comparing the cyclic
stress ratio (CSR), being a function of the earthquake magnitude for the design return period event, to the
cyclic resistance ratio (CRR), being a function of the CPT cone resistance (qc) and friction ratio.

10 Earthquake Geotechnical Engineering Practice, Module 3: Identification, assessment and mitigation of liquefaction
hazards”, (May 2016)

11 Seed, H.B. and Idriss, .M. (1971) A simplified procedure for evaluating soil liquefaction potential, Earthquake
Engineering Research Centre, Report No. EERC 70-9, University of California

12 Youd, T.L. and Perkins, D.M. (1978) Mapping liquefaction-induced ground failure potential, Journal of the
Geotechnical Engineering Division, ASCE, Vol. 104, No. GT4, Proc Paper 13659, p. 433-446
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Table 2: Estimated Load Induced Static Settlements (1m fill only = 16kPa load)
Location Construction Settlement (mm) Post Construction Settlement (mm)

CPTO3 Up to 20mm <10mm
CPTO4 <10mm Nominal
CPTO05 Up to 50mm <10mm
CPTO06 Up to 100mm <20mm
CPTO7 Up to 60mm <10mm
CPTO08 <15mm <5mm

CPT09 Up to 25mm <10mm
CPT10 Up to 40mm <10mm

Notes: Post construction settlements are made up of secondary creep + remaining 10% fill induced consolidation.

Table 10: Estimated Load Induced Static Settlements (30 x 15m slab 12kPa load only)

Location Construction Settlement (mm) Post Construction Settlement (mm)

CPTO03 <10mm Nominal
CPTO04 <10mm Nominal
CPTO05 Up to 30mm <10mm
CPT06 Up to 40mm <20mm
CPTO7 Up to 30mm <10mm
CPTO08 <10mm <5mm

CPTO09 < 25mm <10mm
CPT10 < 25mm <10mm

Notes: Post construction settlements are made up of secondary creep + remaining 10% floor load induced
consolidation.

6.11 Expansive Soils

Seasonal shrinking and swelling results in vertical surface ground movement which can cause significant
cracking of floor slabs and walls. There have been instances of concrete floors and / or foundations that
have been poured on dry, desiccated subgrades in summer months on expansive soils and have undergone
heaving and cracking requiring extensive repairs or re-building once the soil moisture contents have
returned to higher levels. This hazard is addressed by a combination of careful foundation design and site
preparation.

In Areas 1 and 2 the fine soils are predominantly silt and therefore at low risk of being expansive.
Furthermore, industrial commercial units are proposed which by their nature will have engineered specific
design foundations. The risk of, and appropriate remediation measures for, expansive soils can be
confirmed at the detailed design stage.
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In Area 3, where domestic development is proposed, NZS 3604:2011* excludes from the definition of ‘good
ground’, soils with a liquid limit of more than 50% and a linear shrinkage of more than 15% due to their
potential to shrink and swell as a result of seasonal fluctuations in water content. For soils exceeding these
limits, NZS 3604 has historically referenced AS 2870%. for foundation design advice. However the
November 2019 update of Acceptable Solution B1/AS1¢ provides amendments to NZS 3604 that define a
method for testing and classifying the soils and provides foundation designs for specific, simple house
configurations across the range of expansive soil conditions.

The clays soils encountered within Area 3 have not been tested but are considered to be low risk. However
for preliminary design purposes we recommend Class M conditions be assumed for foundation design.

Laboratory testing will be required to confirm this before progressing to the detailed design stage of
development.

7 GEOTECHNICAL RECOMMENDATIONS

7.1 Seismic Site Subsoil Category

Based on the encountered ground conditions and the results of a specific study completed within the area
surrounding East Mine Road, Huntly, by lan R. Brown Associates Ltd!’ the seismic site subsoil category is
assessed as being Class D (deep soil site) in accordance with NZS1170.5.

7.2 Areal and 2 Foundations

Foundation conditions across Areas 1 and 2 are highly variable. Near surface soils comprise interbedded,
thin lenses of firm to very stiff silts and loose to medium dense sands with geotechnical ultimate bearing
capacities of generally less than 300kPa for spread and shallow foundations.

The estimated settlements presented on Table 10 for a typical commercial /industrial slab show there is a
significant risk of unacceptable total and differential settlements without some form of advanced ground
improvement and/or engineer designed foundations to accommodate the settlements. This is particularly
the case in a zone across the middle of Areas 1 and 2 (CPTs 05, 06 and 07).

Undercutting of the loose and variable near surface soils and replacement with well compacted engineered
fill is likely to be required to improved bearing capacities, reduce the overall settlement risk and protect
structures against liquefaction induced deformations.

Piled foundations are not recommended due to the liquefiable nature of the subsoils.

14 Standards New Zealand (2011) Timber-framed buildings, NZS 3604:2011, NZ Standard

15 Standards Australia Limited (2011) Residential slabs and footings, AS 2870-2011, Australian Standard, NSW

16 Ministry of Business, Innovation and Employment (2019) Acceptable Solutions and Verification Methods for NZ
Building Code Clause B1 Structure, B1/AS1, Amendment 19

17 lan R. Brown Associates Ltd (2015) East Mine Road Subsidence Assessment

CMW Geosciences 16
Ref. HAM2019-0082AF Rev. 0



NORTH HUNTLY DEVELOPMENT - GEOTECHNICAL INVESTIGATION REPORT 13 July 2020

7.3 Area 3 Foundations

The near surface stiff clays and medium dense sands are considered suitable for spread foundations to
support domestic dwellings constructed in accordance with NZ3604 with a geotechnical ultimate bearing
capacity of 300kPa anticipated in cut soils and suitably engineered fills in this area.

Some local undercutting and replacement of loose sandy soils may be required.

7.4 Ground Improvement in Areas 1 and 2

To manage static ground settlements within Area 1 and Area 2, a range of options may be considered,
including the following:

e Construction of a temporary surcharge or pre-load fill embankment above design finished level, to
consolidate the compressible soils and minimise post construction embankment settlements. Given
the predominantly granular nature of the soils, settlements are expected to be rapid,;

e Excavation and reworking of the loose sands within the near surface layers and recompaction to reach
a typical earthworks specification standard.

To help manage possible liquefaction induced settlement and deformation options that may be considered,
including the following:

e excavation to 1.5m and replacement with geogrid reinforced engineered fill (this may be
incorporated into the overall ground improvement to manage static settlements)

e installation of deeper ground improvement measures such as vibro-stone columns and rammed
aggregate piers.

7.5 Earthworks

7.5.1 General

All earthwork activities must be carried out in general accordance with the requirements of NZS 443118 and
the requirements of the Waikato District Council Regional Infrastructure Technical Specifications (RITS)
under the guidance of a Chartered Professional Geotechnical Engineer.

7.5.2 Excavatability

The sand and silts in Areas 1 and 2 and clays in Area 3 should be readily excavated with normal earthworks
plant, such as scrapers and bulldozers.

Groundwater may be encountered in excavations at depths of 1.5m to 2m in Areas 1 and 2, possibly
shallower in the east of Area 2 near the wetland.
7.5.3 Stockpiles

Careful consideration must be given to the location of temporary topsoil / unsuitable stockpiles to ensure
that they are not located immediately above steep or unstable slopes, or that stockpile loads do not cause
localised instability due to bearing capacity failure in areas of soft ground.

7.5.4 Underfill Drainage

No major infilling of gullies and streams is anticipated. Should this be undertaken, underfill drains will need
to be installed beneath new fills within low lying tributaries and gully inverts, and outlet to appropriate
discharge locations.

18 Standards New Zealand (1989) Code of practice for earth fill for residential development, incorporating Amendment
No. 1, NZS 4431:1989, NZ Standard
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7.6 Civil Works

7.6.1 Subgrade CBR

Areas 1 and 2 are thought to require only minor cut and fill of surface strata prior to road construction. The
reworking of these sands to engineered fill standard should achieve a CBR value of 5-10%.

Area 3 is predominantly in clay, with potential for some localised sand deposits, dependent on earthworks
levels, and a long term CBR value of 3% is anticipated.

7.6.2 Service Trenches

Most of the materials to be exposed during the excavation of service trenches should be readily removed
using an excavator.

In Areas 1 and 2, trench collapse is expected to pose problems in areas wherever excavations extend below
the water table. Trench support is likely to be required together with temporary dewatering.

Services trenches may need to be backfilled with engineered fill.

7.6.3 Stormwater Soakage

Stormwater soakage relies heavily on the type of strata in which the soakage system is installed. Due to the
differing soils identified in Areas 1 & 2 and Area 3, these will be discussed separately.

The investigation in Areas 1 and 2 largely encountered sandy soils which typically have a high permeability
however it will be important to ensure that any soakage to ground penetrates the near surface silts in order
to be fully efficient. Detailed design of soakage facilities must also take into account the relatively shallow
groundwater table.

The investigation in Area 3 encountered near surface soils comprising predominantly clay soils of low
permeability. We do not recommend soakage to the underlying deeper sands (approx. 3m below existing
ground level) as this may result in seepage towards the adjacent slopes and possible detrimental effects on
stability and erosion. We therefore recommend linkage to the local storm water reticulation.

8 FURTHER WORK

This site investigation was carried out prior to the development of formal drawings including any cutfill
earthworks and confirmed building layout plans. Once these have been prepared CMW should be offered
the opportunity to review those plans against the recommendations in this report.

Further work should be carried out prior to detailed design of the development to further investigate the deep
soil profile and confirm the extent of the liquefaction risk to the site. Investigation using seismic CPTs or
seismic dilatometers should be considered to further refine the liquefaction susceptibility assessment in the
pumice rich soils. (Conventional CPTs can underestimate the density of pumice rich soils, thereby over-
estimating the liquefaction potential of the soils.) This would be supported by a ground water monitoring
programme to assess groundwater level variability.

Detailed investigation will be required in all areas prior to development and to facilitate engineer designed
foundations and ground improvement measures in Areas 1 and 2.
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9 LIMITATIONS

This report has been prepared for use by our client, Shand Properties Limited and their consultants. Liability
for its use is limited to these parties and to the scope of work for which it was prepared as it may not contain
sufficient information for other parties or for other purposes.

It should be noted that factual data for this report has been obtained from discrete locations using normal
geotechnical investigation techniques. As such investigation methods by their nature only provide
information about a relatively small volume of subsoils, there may be special conditions pertaining to this
site which have not been disclosed by the investigation and which have not been taken into account in the
report. If variations in the subsoils occur from those described or assumed to exist, then the matter should
be referred back to CMW Geosciences immediately.
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Calculation properties
Footing type: Rectangular * Primary settlements calculation is performed according to
Footing width: 100.00 (m) the following formula:
L/B: 1.0 Ao
Footing pressure: 16.00 (kPa) S = - v AZ
Embedment depth: 0.00 (m)
Footing is rigid: No CPT
Remove excavation load: No * Secondary (creep) settlements calculation is performed
Apply 20% rule: No according to the following formula:
Calculate secondary settlements: Yes
Time period for primary consolidation: 6 months — ( )
Time period for second. settlements: 12 months S Ca AZ log t/ tp

where t, is the duration of primary consolidation
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Calculation properties
Footing type: Rectangular * Primary settlements calculation is performed according to
Footing width: 100.00 (m) the following formula:
L/B: 1.0 Ao
Footing pressure: 16.00 (kPa) S = -V AZ
Embedment depth: 0.00 (m)
Footing is rigid: No CPT
Remove excavation load: No * Secondary (creep) settlements calculation is performed
Apply 20% rule: No according to the following formula:
Calculate secondary settlements: Yes
Time period for primary consolidation: 6 months _
Time Eeriod for zeconz settlements: 12 months S T Ca ) AZ ’ log(t/ tp)

where t, is the duration of primary consolidation
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Estimated Settlement Areas 1 and 2 under floor
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Settlements calculation according to theory of elasticity*
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Calculation properties
Footing type: Rectangular * Primary settlements calculation is performed according to
Footing width: 15.00 (m) the following formula:
L/B: 2.0 Ao
Footing pressure: 12.00 (kPa) S = — v AZ
Embedment depth: 0.00 (m)
Footing is rigid: No CPT
Remove excavation load: No * Secondary (creep) settlements calculation is performed
Apply 20% rule: No according to the following formula:
Calculate secondary settlements: Yes
Time period for primary consolidation: 6 months — ( )
Time period for second. settlements: 12 months S Ca AZ log t/ tp

where t, is the duration of primary consolidation
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Settlements calculation according to theory of elasticity*
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Calculation properties
Footing type: Rectangular * Primary settlements calculation is performed according to
Footing width: 15.00 (m) the following formula:
L/B: 2.0 Ao
Footing pressure: 12.00 (kPa) S = — v AZ
Embedment depth: 0.00 (m)
Footing is rigid: No CPT
Remove excavation load: No * Secondary (creep) settlements calculation is performed
Apply 20% rule: No according to the following formula:
Calculate secondary settlements: Yes
Time period for primary consolidation: 6 months — ( )
Time period for second. settlements: 12 months S Ca AZ log t/ tp

where t, is the duration of primary consolidation
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Calculation properties
Footing type: Rectangular * Primary settlements calculation is performed according to
Footing width: 15.00 (m) the following formula:
L/B: 2.0 Ao
Footing pressure: 12.00 (kPa) S = — v AZ
Embedment depth: 0.00 (m)
Footing is rigid: No CPT
Remove excavation load: No * Secondary (creep) settlements calculation is performed
Apply 20% rule: No according to the following formula:
Calculate secondary settlements: Yes
Time period for primary consolidation: 6 months — ( )
Time period for second. settlements: 12 months S Ca AZ log t/ tp

where t, is the duration of primary consolidation
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Calculation properties
Footing type: Rectangular * Primary settlements calculation is performed according to
Footing width: 15.00 (m) the following formula:
L/B: 2.0 Ao
Footing pressure: 12.00 (kPa) S = — v AZ
Embedment depth: 0.00 (m)
Footing is rigid: No CPT
Remove excavation load: No * Secondary (creep) settlements calculation is performed
Apply 20% rule: No according to the following formula:
Calculate secondary settlements: Yes
Time period for primary consolidation: 6 months — ( )
Time period for second. settlements: 12 months S Ca AZ log t/ tp

where t, is the duration of primary consolidation
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Calculation properties
Footing type: Rectangular * Primary settlements calculation is performed according to
Footing width: 15.00 (m) the following formula:
L/B: 2.0 Ao
Footing pressure: 12.00 (kPa) S = — v AZ
Embedment depth: 0.00 (m)
Footing is rigid: No CPT
Remove excavation load: No * Secondary (creep) settlements calculation is performed
Apply 20% rule: No according to the following formula:
Calculate secondary settlements: Yes
Time period for primary consolidation: 6 months — ( )
Time period for second. settlements: 12 months S Ca AZ log t/ tp

where t, is the duration of primary consolidation
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11.54 11.54 11.54
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12.54 12.54 12.54
13 13+ 13+
13.54 13.54 13.54
144 14— 14 1
14.54 14.5 14.5
15+ 15+ 154
15.54 15.5 15.5
16 4 16 161
16.5 - 16.5 16.5
17 4 17 171
17.54 17.54 17.54
18 :p 18 T T ? 18 T T T T T
75.8453987149521275.84539¢ 0 0.1 0.2 03 0.4
Tip resistance (MPa) M(CPT) (MPa) Settlement (cm)
Calculation properties
Footing type: Rectangular * Primary settlements calculation is performed according to
Footing width: 15.00 (m) the following formula:
Footing pressure: 12.00 (kPa) S = -V AZ
Embedment depth: 0.00 (m)
Footing is rigid: No CPT
Remove excavation load: No * Secondary (creep) settlements calculation is performed
Apply 20% rule: No according to the following formula:
Calculate secondary settlements: Yes
Time period for primary consolidation: 6 months _
Time period for second. settlements: 12 months S T Ca ) AZ ’ log(t/ tp)

where t, is the duration of primary consolidation
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GeoLogismiki CPT: CPT09

EE““"‘_"'_"'__ - |, Geotechnical Engineers Total depth: 19.92 m, Date: 14/05/2020
- Merarhias 56 o Surface Elevation: 0.00 m
http://www.geologismiki.gr Coords: X:0.00. Y:0.00
Project: Cone Type:
Location: Cone Operator:

Geotechnical Software ..|.

Settlements calculation according to theory of elasticity*

Cone resistance qt Constrained Modulus Cumulative settlement
0+ 0+ 0+ ' F
14 14 14 = End of Primary
= Ov erall
24 2 - 2 -
34 34 34
4 1 4 4 4 4
5+ 5 5
6 - 6 - 6 -
74 7 7
8 8 1 8
E 7] E 7] E 7]
£ 104 £ 104 £ 104
Q Q Q
() () ()
O 114 O 114 o 11+
12— 124 124
13+ 13+ 134
14 4 = 14— 14 1
15+ 15+ 154
16 1 16 161
17 1 17 17 1
18 18 18+
194 19— 194
T T T T T T
10 172.54107¢ 0 0.5 1 1.5 2
Tip resistance (MPa) M(CPT) (MPa) Settlement (cm)
Calculation properties
Footing type: Rectangular * Primary settlements calculation is performed according to
Footing width: 100.15 (m) the following formula:
L/B: 2.0 Ao
Footing pressure: 12.00 (kPa) S = — v AZ
Embedment depth: 0.00 (m)
Footing is rigid: No CPT
Remove excavation load: No * Secondary (creep) settlements calculation is performed
Apply 20% rule: No according to the following formula:
Calculate secondary settlements: Yes
Time period for primary consolidation: 6 months — ( )
Time period for second. settlements: 12 months S Ca AZ log t/ tp

where t, is the duration of primary consolidation
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Appendix G: Slope Stability Outputs












	(a) Bachelor of Science (Geology) (2:1 Honours), 1982, from the University of Edinburgh;
	(b) Master of Science (Engineering Geology), 1984, from the University of Newcastle upon Tyne.
	(a) The results of my high level, desk study assessment of mining risk for the proposed development, in particular the risk of unacceptable settlement of the ground surface due to collapse of abandoned mine workings at depth beneath the properties.
	(b) My evidence will also address the results of an intrusive ground investigation undertaken to identify and assess other potential geotechnical hazards and risks to the proposed developments.
	(c) I have prepared two reports, one on mining related issues and one on geotechnical issues to support a feasibility assessment for the proposed developments.  My evidence summarises those two reports.
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