.\luvmn‘./nr the
Environment
Manain M3 Te Talao

PO Box 10362, Wellington 6143
Website: www.mfe.govt.nz
Freephone: 0800 499 700

19-D-02771
s 9(2)(a)
Reporter
s 9(2)(a) @stuff.co.nz

Dears 9(2)(a) s\
Thank you for your emails of 20 December 2019 and 22 January 2020 (c@Quon) @zgl«ng the

following under the Official Information Act 1982 (the Act): %
Can | please request that briefing plus any other documentx@ samehhe Christchurch

landfill] under the OIA?
As far as the OIA request goes, documents relating to ji '\@1th landfill would be

@ve Chri
great thanks. Y\
The Ministry for the Environment has identified 42 dOC@e& of your request, and released

nsc
33 as listed in the attached document schedule. ( '

Nine documents have been withheld in full, an e mfo& within the released documents
has been redacted, under the following sectlo&of e Acl

9(2)(a) to protect the privacy of persons.ineluding that of deceased natural persons.

9(2)(b)(ii) to protect information the @Q
e

unreasonably to prejudice the

available of the information would be likely
rcial position of the person who supplied or
who is the subjec e info

9(2)(g)(i) to mamtaln the Yeffecti \ﬁjct of public affairs through the free and frank
expreSSIon pmlon

In terms of section e Act atlsfled that, in the circumstances, the withholding of this
information is not o K considerations that render it desirable to make the information
available in the ntere

You have to s@w investigation and review by the Office of the Ombudsman of my
decision oId infor, on relating to this request, in accordance with section 28(3) of the Act.
The relevanbdetails o@ae found on their website at: www.ombudsman.parliament.nz.

Please note tha\@o the public interest in our work the Ministry for the Environment publishes
responses to requests for official information on our OIA responses page shortly after the response
has been sent. If you have any queries about this, please feel free to contact our Executive Relations
team: ministerials@mfe.govt.nz.

Yours sincerely

Glenn Wigley
Director — Natural & Built System
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Executive summary

The residential suburb of §9(2)(@) of Christchurch. Several independent reports
related to post-earthquake repairs were received by Environment Canterbury which showed
evidence of metal and benzo(a)pyrene contamination in soils beneath properties.

Environment Canterbury undertook an investigation across properties in the area in December
2016 and March 2017. This investigation found buried fill material which comprised of sandy ‘silt
with fragments of brick, glass, ceramic, and slag across twenty-three properties. Where
laboratory analysis was undertaken, high concentrations of lead and arsenic were repotted.

As a result of this initial investigation, Environment Canterbury, in cooperation with.Christchurch
City Council and the Ministry for the Environment’s Contaminated Sites Remediatioh Fund
(CSRF), procured a Detailed Site Investigation (DSI) which was undertaken By*GHD limited in
January of 2018.

Extent of Fill Material

Delineation of the fill material showed that 11 of the properties were,jmpacted by fill material
with fill thickness being up to 3.4 m.

The fill extent is unknown at the properties to the south and southwest of §9(2)(@) , €.0.
s 9(2)(a) due
to the access limits of the investigation.

Nature of Contamination

Contaminant concentrations were found to be highest within samples taken within the fill
material and these sharply decreased'when the natural material at the base of the fill was
reached.

Heavy metals (a combination of arsenic, cadmium, lead, nickel and zinc) were shown to be
present in concentrations apoye the selected human health and environmental guideline criteria
at 14 of the 20 propetties investigated by GHD.

Asbestos presence/absence was analysed in 17 samples. Asbestos was only detected in one
sample at a depth of 3.5 m bgl. Exposure is unlikely therefore asbestos is not considered to
pose a risk.

No cyanide concentrations were detected above relevant guideline criteria.
Benzo(a)pyrene was shown to exceed guideline criteria at nine of the properties investigated.

Leachability testing found that copper, cadmium, lead and zinc were leaching from the fill
material at concentrations which exceeded ANZECC guidelines for the protection of surface
water.

Risk to Human health and the environment

The primary identified risk to human health is via direct soil ingestion, dermal contact with fill
material and ingestion of produce grown in impacted areas.

The results indicate that soil concentrations in areas where the fill has been observed contain
concentrations of metals which may affect plant health.

Leachability testing found that the fill material is likely to be leaching certain metals to
groundwater that has the potential to migrate and reach nearby surface water.

GHD | Report for Environment Canterbury - §19(2)(a) Detailed Site Investigation, 51/37675/ | i
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Remediation options

Remedial options will require discussion with individual property owners regarding suitable
solution(s) that are agreeable to respective parties to be achieved.

Full source removal remediation is deemed to be undesirable due to the significant costs
involved and disruption that would be imposed upon not only affected residents but the
neighbouring properties as well.

Partial source removal remediation may be implemented in select cases with resident approval
as an effective solution to remove areas of gross contamination and may allow areas of
impacted gardens to be remediated.

An active management procedure with raised beds and direct guidance from the regulator
would allow residents to continue to cultivate produce for personal use in a safe Manner
however this is a self-regulating approach. Successful restriction of direct contact and ingestion
for children and pets would be difficult to manage. Residents have previously been advised to
not cultivate produce, yet this practice was observed to be continuing during the 2018
investigation. As a result this approach cannot be relied upon.

Summary of Affected Properties

There are 14 properties that currently contain concentrations.of ‘contaminants at levels that
exceed the (National Environmental Standard for AsseSsihg and Managing Contaminants in Soil
to Protect Human Health) Standards 2011 (NESCS) eriteria for a residential land use. As these
properties exceed the NESCS criteria, the cultivation ‘and consumption of produce is deemed to
be potentially hazardous to human health and should cease immediately until remedial
measures have been implemented. Ingestion©0soil is also deemed a potential risk to human
and animal health and contact with sail on sites should be avoided. Pets shall be kept away
from areas of exposed soil upon prepérties until mitigation measures have been implemented.

Of the 20 properties investigated, 11 properties contained fill material and associated soil
contaminant guideline exceedanees. Four properties contained exceedances of soil
contaminant guideline exceedances with no fill identified. On 5 properties fill was not identified
and all contaminant concentrations were below guideline criteria.

Based on the samples collected and visual observations by GHD, the following properties have
shown evidence™of the presence of fill and are considered to be impacted by soil contamination:

° s 9(2)(a)

i | GHD | Report for Environment Canterbury - §19(2)(a) Detailed Site Investigation, 51/37675/
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Based on the samples collected and visual observations by GHD, the following properties have
shown no evidence of the presence of fill but are considered to be impacted by soil
contamination:

. qu,

u [ (no fill was found in the locations investigated by GHD at§19(2) q
P but fill was found in a previous investigation by Eliot SinclaffLtd) \

Based on the samples collected and visual observations by GHD, the following properties have
shown no evidence of the presence of fill and are considered to be unimpacted by s
contamination: v

s &

«O

This report is subject to, and must be read in conjunetion with, the limitations set out in section 1
and the assumptions and qualifications cont% throughout the Report.
*

GHD | Report for Environment Canterbury - gig(2)(a)" Detailed Site Investigation, 51/37675/ | ii
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1.

Introduction

1.1 Background to the Project

The residential suburb of s9(2)(@) of Christchurch. Several independent reports
were received by Environment Canterbury which showed evidence of metal and
benzo(a)pyrene contamination in soils beneath properties. Environment Canterbury undertook
their own initial investigation across properties in the area in December 2016 and March 2017
This took the form of shallow soil sampling using a hand auger and an X-Ray Fluorescence
(XRF) meter. The Environment Canterbury investigation found fill material comprised sandy silt
with fragments of brick, glass, ceramic, and slag across twenty-three properties. Where
laboratory analysis was undertaken, high concentrations of arsenic and lead were, measured.

The fill is thought have been emplaced at some point prior to the 1940s. Thigris based on the
earliest available aerial imagery of the area from the 1940s and more recentimagery which
showed no evidence of disturbance relating to filling activities.

As a result of this initial investigation, Environment Canterbury, in cogperation with Christchurch
City Council and the Ministry for the Environment’s (MfE) Contaminated Sites Remediation
Fund (CSRF), procured a Detailed Site Investigation (DSI). <This,report describes the results of
the DSI.

1.2 Overall Project Objectives

The key objectives of the project were:
] To understand the extent of the fillimaterial both laterally and vertically

] To provide further data on the,hature of the fill material — historical sampling had
generally been spatially limitedand shallow. The DSI needed to confirm whether the fill
was of a similar type across the area of whether different fill materials exist in different
areas

o To measure the soil‘eoncentrations within the fill in relation to relevant Soil Contaminant
Standards (SCS)

] To confirmsthe previous premise that no vapour generation is occurring

. To understand the degree of leachability of the fill

This data will be used to:

) Assess potentially complete pollutant linkages and complete a qualitative risk assessment

. Use the risk assessment to inform recommendations including potential site wide
management or remedial options

1.3 Purpose of the DSI Component

The production of the DSl is important to Environment Canterbury as it is designed to provide
the data required to assess the project site in relation to the protection of site residents and site
users. This information will help current and future residents and users of the affected area to
manage the risk from fill material.

GHD | Report for Environment Canterbury - §19(2)(a) Detailed Site Investigation, 51/37675/ | 1
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2| GHD

1.4 Regulatory Context

The Resource Management (National Environmental Standard for Assessing and Managing
Contaminants in Soil to Protect Human Health) Standards 2011 (NESCS) are designed to be
protective of human health. These cover a number of potential activities including soil
disturbance. The NESCS has been used as the principal means of establishing the risk to
human health in this investigation.

1.5 Limitations

This report: has been prepared by GHD for Environment Canterbury and may only be used and relied on
by Environment Canterbury for the purpose agreed between GHD and the Environment Canterbury as set
out in section 1.3 of this report.

GHD otherwise disclaims responsibility to any person other than Environment Canterbury arsing in
connection with this report. GHD also excludes implied warranties and conditions, to the extent legally
permissible.

The services undertaken by GHD in connection with preparing this report werg: limited to those specifically
detailed in the report and are subject to the scope limitations set out in the report

The opinions, conclusions and any recommendations in this report ar€ based on conditions encountered
and information reviewed at the date of preparation of the report. GHDyhas no responsibility or obligation
to update this report to account for events or changes occurringstbsequent to the date that the report was
prepared.

The opinions, conclusions and any recommendations in this\report are based on assumptions made by
GHD described in this report (refer section 1.6 of thisyreport). GHD disclaims liability arising from any of
the assumptions being incorrect.

GHD has prepared this report on the basis ofiinfdrmation provided by Environment Canterbury and others
who provided information to GHD (inclyding ‘@overnment authorities), which GHD has not independently
verified or checked beyond the agreed seope of work. GHD does not accept liability in connection with
such unverified information, including errors and omissions in the report which were caused by errors or
omissions in that information.

The Indicative Disposal Casts'in.Section 9 is a preliminary estimate only. Actual prices, costs and other
variables may be different'to those used to prepare the Indicative Disposal Costs and may change. Unless
as otherwise specified inthis report, no detailed quotation has been obtained for actions identified in this
report. GHD does net represent, warrant or guarantee that future disposal can or will be undertaken at a
cost which is theSameror less than the Indicative Disposal Costs.

Where estimates ofpotential costs are provided with an indicated level of confidence, notwithstanding the
conservatism'ef the level of confidence selected as the planning level, there remains a chance that the
cost will be greater than the planning estimate, and any funding would not be adequate. The confidence
level considered to be most appropriate for planning purposes will vary depending on the conservatism of
the userand the nature of the project. The user should therefore select appropriate confidence levels to
stititheir particular risk profile.

The opinions, conclusions and any recommendations in this report are based on information obtained
from, and testing undertaken at or in connection with, specific sample points. Site conditions at other parts
of the site may be different from the site conditions found at the specific sample points.

Investigations undertaken in respect of this report are constrained by the particular site conditions, such as
the location of buildings, services and vegetation. As a result, not all relevant site features and conditions
may have been identified in this report.

Site conditions (including the presence of hazardous substances and/or site contamination) may change
after the date of this Report. GHD does not accept responsibility arising from, or in connection with, any
change to the site conditions. GHD is also not responsible for updating this report if the site conditions
change.

| Report for Environment Canterbury - §19(2)(a) Detailed Site Investigation, 51/37675/
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1.6 Assumptions

The DSI has been written on the assumption that all recorded data and previous reports
pertaining to the site made available to and reviewed by GHD are correct and free from
significant error or omission. GHD has accepted in good faith the veracity of this data.

GHD | Report for Environment Canterbury - §ig(2)(a)m 1 Detailed Site Investigation, 51/37675/ | 3
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2.

Site Information

2.1 Location

2.1.1 Local Layout

The site is located in the suburb s@@)@mn Christchurch, see Figure 1 and 2 of (L
Annex A for site location and layout. It is located within a block of residential properties : cb

bordered by

The area rises to two higher platforms, one to the north west and one to the sout f the
block, see Figure 3 of Annex A for site topography. The section between them is npticeably
lower in elevation than the surrounding land.

O
Table 1: Council Details \

Structures in the area are residential buildings on landscaped sections, comprising gar en
lawns. Parts of the site are sealed with concrete and asphalt used for driveways.

Attribute

Regulatory Authority Christchurch City Q nc
Zoning Residential s\&)

Access to properties within the project area was u len through Environment Canterbury.
Environment Canterbury approached a num properties in the area to request access for
this investigation. The project area wast determined by the number of landowners

which approved access to their prop rtles ere are 18 land parcels within the investigation
area with 20 individual properties (é— incorporate dual properties).
Those properties which approv, ss and on which investigations were undertaken were as

follows:

Central Site

4 | GHD | Report for Environment Canterbury -g9(2)(@) 1 Detailed Site Investigation, 51/37675/
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§9@)@mm — Western Site

SV
ND

2.1.2 Neighbouring Land Use ?g)
r

Beyond lie fl@ sidential
properties.

2.2 Environmental Setting

O
2.21 Soil \Q&

According to the local soil mapt, the Site soil i mprised of imperfectly drained Kaiapoi deep
loam which consists of mottled-weathered” @‘recent soils such as, gravels, sands and silts.

A
2.2.2 Published Geology s\&\

According to the local geologic@ , the Site is underlain by Holocene age grey river alluvium
comprising gravel, sand and silt," in"active floodplains. The regional geology of the area is
detailed in Figure 4 of Ann@.

A search of the NZ QQ% nical Database identified a number of historical bores in the project
area, however only one borelog detailed fill material as being present. This was a bore situated
atd,‘which was drilled to a depth of 15.95m in 2012. The bore log indicated a
fill layer stretching from beneath the topsoil at approximately 0.25m down to 4.0m below ground.

The lay s described as a gravelly silt with some brick and organics. This would appear to
be t bore in the area which has measured the actual thickness of the fill material.

é& Hydrogeology

%@eotechnical borelogs? obtained by GHD from sg@)@mm
all extend to depths greater than 7 m. Groundwater at these

(b' locations varies from 1 metre below ground level (mbgl) to 2.5 mbgl. These borelogs are

\Q included as Annex B.
<

Q~

1 Canterburymaps.govt.nz (Environment Canterbury Soil Types)

2 Forsyth, P.J.; Barrell, D.J.A.; Jongens, R. (compilers) 2008. Geology of the Christchurch area.
Institute of Geological and Nuclear Sciences 1:250,000 Geological Map 16. 1 + 67 p. Lower Hutt, New
Zealand. GNS Science

3 New Zealand Geotechnical Database (2018): "Geotechnical Investigation Data", Map Layer
NZGDO0010, retrieved from https://www.nzgd.org.nz/ARCGISMapViewer/mapviewer.aspx
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According to the Environment Canterbury Advanced Maps Viewer Groundwater Wells layer?,
there are 99 well/bore consents recorded within a 500 m radius of the Site.

Eighty three of these wells are listed for geotechnical assessments and 13 are listed for water
level observation. There are three groundwater wells, M36/5698 (200 m south of the site),
M36/2240 (430 m west of the site) and M36/1894 (200 m east) that are listed as domestic
supply bores. These wells are drilled to depths greater than 40 mbgl. Groundwater is therefore
being abstracted from deeper confined aquifers, with the shallow aquifer not being used for
abstraction purposes.

A full list of the Environment Canterbury Groundwater Wells Database information showing
groundwater wells within 500 m of the site are shown in Annex C.

Groundwater is considered likely to be flowing east towards the coast. As groundwater is
shallow in the project area, it is deemed likely that some of the fill material is saturated.

Groundwater sampling is not part of the scope of this investigation. Data on greundwater
presence, e.g. saturated soil profiles has been noted, however no groundwater monitoring wells
have been installed. A number of soil samples were allocated for leachability testing to
understand whether contaminated soil is impacting groundwater.

2.2.4 Hydrology

Groundwater is likely to flow to east towards a down gradent [oop of the Heathcote River.
Jacksons Creek also cuts across the northern end of the'project area. This may have a
localised effect on groundwater flow direction in this area. The sampling of surface water is not
part of the scope of this project. ‘

2.3 Site History

2.3.1 Historical Aerial Phqtography Assessment

A review of available aerial photographs between 1940 and 2017 is outlined in Table 2 below.
The Site boundary is outlinedhin blue and key findings are summarised below the image. For
ease of viewing, the entire bleck has been highlighted in the following section.

4 Environment Canterbury Wells Database 2017. Canterbury Maps Advanced Map Viewer.
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Table 2: Summary of key findings from historical aerial photographs

Imaae.is
1940 And 1944. There are several resulentlal bulldmgs pment onsﬂe along_
. The centre of the Site appears to remain undeveloped. There is minor

urrounding res:dentlal land development east of the Site and pastoral land use along the
Q}Q western bank of the Heathcote River.
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1955- 95@‘@:"Canterbury Mapviewer (htt
This I photograph shows that there has been an increase in residential development

\ and the surrounding area post 1940-1944. No potential HAIL activities have been
dentified onsite between 1955 and 1959. However, any soil disturbed onsite during the
ork phase of the development may have been subjected to HAIL activities prior to the
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1970-1974 Source: Canterbury Mapviewer (https: /i jovt.nz
aatiaPHAIL activities have been identified onsite between 1970 and 1974. There
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‘No potential HAIL activities have been identified onsite between 1990 and 1994. There
appears to have been no further land development at the Site post 1980-1984.
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In summary, the site has been predominantly used for residential development since the 1940s. There
has been no evidence of potential HAIL activities identified between 1940 and 2017. However, any soil
disturbed onsite during earthwork phases of residential development, may have been subjected to
potential HAIL activities prior to the 1940s.
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2.3.2 Listed Land Use Register Information (LLUR)

Some of the properties under investigation are listed on the Environment Canterbury Listed
Land Use Register (LLUR) which identifies properties that have had historic use that falls within
the categories in the MfE’s Hazardous Activities and Industries List (HAIL).

The following land uses from the HAIL were recorded on the LLUR to have occurred on the
properties at the site:

[ Uncontrolled fill

The relevant HAIL category relating to this site is as follows:
e  G3 - Landfill Sites
The following properties are not currently listed on the LLUR:

* s9)@

The remaining 15 properties are listed are listed on thé,LLUR under category ‘G3 - Landfill
Sites’.

2.3.3 Previous Investigations

INV103917 —s9(2)(@) — LIM Hazard — ‘Uncontrolled Fill’ (Eliot Sinclair)

A geotechnical investigation was ufidertaken at §19(2)(@) in 1998 to assess the
hazard posed to the foundations of\an\existing structure by the presence of uncontrolled fill as
listed on the Land Information Memorandum (LIM). The uncontrolled filling inferred on the
Council LIM was not identified. The buildings foundations were deemed suitable for the ground
conditions.

INV109485 - Preljminarfy and Detailed Site Investigation Report, §l9(2)(@)
(Cook Costello™Btd)

An environmenjal PSI and DSI was undertaken at §9(2)(@a) in 2015. It was reported
that a landfilblikely operated at the site between 1900 and 1930 in the area. Shallow soil
samplingwithin the upper 1 m at the site identified concentrations of arsenic, cadmium, lead,
nickel and zinc which exceed the NESCS residential guideline criteria and was considered likely
tOvpOse a risk to human health and environmental receptors.

INV116002 — Soil Contamination Investigation Report, s19(2)(@) (Tonkin
& Taylor)

A DSI was undertaken in 2015 to assess the risk posed to workers repairing the foundations of
an earthquake damaged garage. Three locations were sampled by hand auger to a maximum
depth of 1 mgbl. Six soil samples were submitted for analysis. Three of the soil samples
submitted exceeded the NESCS commercial land use standards for either lead and/or
benzo(a)pyrene (BaP) (eq). All exceedances were from samples collected from 0.4 mbgl or
deeper.

Three of the samples analysed tested positive for asbestos.

GHD | Report for Environment Canterbury - §19(2)(a) Detailed Site Investigation, 51/37675/ | 15
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INV117351 — Environmental Soil Investigation, sI9(2)(@) , Christchurch
(ENGEO)

A DSI was undertaken in 2015 as the site was identified as a former landfill site. Soil testing
showed that concentrations of arsenic, cadmium, lead and BaP were present that exceeded the
NESCS criteria for a residential land use. Concentrations of lead and BaP also exceeded the
NESCS criteria for a recreational and commercial/industrial land use. Due to the
commercial/industrial exceedance, it was identified that a complete expose pathway exists
between the impacted area of the site and the site redevelopment workers and end users. The
material from 0.4 mbgl was deemed not suitable for disposal at either Burwood or Kate Valley
Landfill.

INV125390 — Additional Soil Contamination Investigation Report, Drainage Repdir \Wérks,
s 9(2)(a) (Tonkin & Taylor)

A DSI was undertaken in 2016 after fill was discovered during drainage works= Four hand
augers were advanced to a maximum depth of 1.2 mbgl with fill being noteehin,each location.
Analytical testing of obtained soil samples showed that concentrations of heavy metals and
polycyclic aromatic hydrocarbons (PAH) above the published background concentrations for the
area. Lead within the sample obtained from 0.6 mbgl within “Hand,Auger 1” contained
concentrations of lead that exceeded the NESCS outdoor worker(unpaved) criteria and shallow
samples contained concentrations of asbestos that exceededithe WorkSafe New Zealand
criterion.

INV145729 — Soil Sampling Letter Report, sl9(2)(@)

A DSI was undertaken in the driveway close 1059(2)(@) during 2016 to assess soil
disposal options. Three test pits within the upper 0.4 m were dug and two samples submitted
for analyses. Concentrations of leadtwere _discovered to be above the Burwood landfill
acceptance criteria.

INV28335 — Environmental Soillpvestigation at §19(2)@) , Christchurch.
D3464919 (ENGEO)

A DSl was undertaken in 2013 as the site had been identified as being a historic landfill site.
Four shallow surfage samples (0.3 mbgl) were collected and submitted for analysis. Arsenic,
lead, cadmium,zinc,and BaP concentrations were recorded that exceed the NESCS residential
criteria. Coneentrations of arsenic and lead also exceeded the NESCS guideline criteria for the
protectiop=ef'eommercial workers and the NESCS recreational guideline criteria.

INV920Q18 — Detailed Site Investigation, §l9(2)(@) , Christchurch (Coffey
Geatechnics)

A DSI was undertaken in 2015 to characterise the soil at the site due to known contamination
on neighbouring properties. Arsenic, cadmium, chromium, copper, lead, nickel and BaP
concentrations were reported above the selected NESCS guideline criteria for a residential land
use.

INV98475 — Environmental Soil Investigation at §19(2)(@) , Christchurch
(D3423475) (ENGEO)

A DSI was undertaken in 2014 to characterise soil contaminant concentrations as the site has
been identified as historically being used for landfill purposes. Four samples were obtained
from 0.3 to 1.9 mbgl and submitted for heavy metals and PAH analysis. Arsenic, cadmium, lead
and BaP concentrations were reported that exceed the selected NESCS residential guideline
criteria. Lead and BaP also exceeded the guideline criteria for the protection of commercial
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workers. A site management plan (SMP) was proposed to protect onsite workers during
redevelopment works.

INV146128 - Validation Report for Works Completed at gi9(2)(@)
Christchurch (ENGEO)

Concentrations of arsenic, cadmium, lead and BaP were known to be elevated at the site.
During redevelopment works a site management plan was imposed and conditions were set out
in consent §9(2)(@) . A total of 160 m3 of soil was removed from site
during works and disposed of at Burwood Landfill. No site wide characterisation or remediation
of site soils was undertaken.

2016/2017 Environment Canterbury Investigation

In December 2016 and March 2017 Environment Canterbury (Environment Canterbury)
undertook a shallow site wide investigation using hand auger methods with supporting analysis
using an XRF machine to characterise concentrations of heavy metals within‘the*upper 1m at a
number of locations across each identified property. Concentrations of arsenic, chromium and
lead were shown to exceed the NESCS residential guideline criteria.at'a number of sites.

Figure A shows locations that were analysed with exceedances_ofllead above the NESCS®
guideline criteria for a residential land use with 10% producegise (NESCS residential) shown in
red.

Whilst there is a swathe of red dots representing exceedances in a roughly north west to south
east pattern which was thought to represent the area'of filling, there are also a number of red
dots which don't fit the pattern. Those at §9(2)(@) are
outside the general area of lead exceedances. It was suspected that these lead exceedances
may be related to lead paint in the shallow’soil. As the Environment Canterbury investigation
only focussed on the shallow soil, furthexrassessment could not be made. Therefore part of the
purpose of the GHD 2018 investigation was to try and distinguish between shallow lead
contamination caused as a result of’historical lead paint use versus that from emplaced fill.

5 National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect

Huma

n Health (2012).
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Figure A: Reproduction of Environment Canterbury Investigation Data

g SRR sample Locations

Scale: 11,000 @A4
ST ey te ey [ 2 i (1/

Locations which exceed the NESCS residential criteria of 210 mg/kg are shown in red, those
below the NESCS are shown in blue.
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3.

Initial Conceptual Site Model

3.1 Context

The project area covers a number of residential properties in the §9(@2)(@)" area believed to be
impacted by historical landfilling. A number of un-associated investigations have taken place on
individual properties, mainly as a result of insurance works after the Canterbury Earthquakes in
2010/11 which identified fill material and exceedances of relevant human health guidelines.
Investigations have stated that there is no historical aerial photography evidence of the
landfilling activity.

Research indicates that the §9(2)(@) operated on §9(2)(@) in the
early 20th Century, although on which part of §9(2)(@) operations occurred(is.unclear.
Anecdotal evidence was provided by an elderly local resident who remembered hofse and carts
travelling down s9(2)(a) to dispose of waste from the old gas works atthe,site. The carts
would then take away the sand and gravel from the site. Itis considered likely'that aggregate
extraction has occurred across the project area and that subsequent filling Was used to provide
a future building platform. The wider area is known to have been affected by such activity.

s 9(2)@) to s19(@)@ was formerly a landfill and the nearby.s9(2)(@) was
impacted and subsequently remediated under the MfE contaminated site remediation fund
(CSRF) in 2014.

An initial conceptual site model (CSM) was considergdiprior to the 2018 investigation (displayed
as Figure 5 within Annex A). The CSM brings togethenthe known information on contaminant
sources, receptors and the pathways which maylink them. Where a source, pathway and
receptor are present, a potential pollutant linkage'is said to exist. If one of the components is
missing, the linkage is incomplete. Thosé linkages that are considered potentially complete are
defined at the end of the CSM.

The following sections discuss the initial CSM prior to the 2018 investigation.

3.2 Sources

The data obtained by*Environment Canterbury in 2016/17, appears to indicate a source solely
related with landfillilmaterials. However many of the data points with lead and arsenic
exceedances could be related to lead paint as the source, given that many of the exceedances
are shallow @nd appear limited to the surface. In other areas, the presence of slag, brick, bone,
ceramics(ete, confirms the presence of filling. Anecdotal evidence provided by Environment
Canterbury suggested that the fill material was easily distinguishable in the field.

The,fill material is characterised by high lead and arsenic concentrations but additionally
ehromium, copper and zinc appear at high concentrations in the areas of fill material. Polycyclic
aromatic hydrocarbon (PAH) analysis has been limited, but exceedances of human health
criteria have been noted at several locations. The presence of slag would suggest that foundry
waste may have been deposited in the fill material.

The fill material described in previous investigations showed no evidence of household waste or
other putrescible waste likely to cause landfill gas. Consultants who have previously
investigated individual properties have dismissed the likely presence of landfill gas due to the
lack of a putrescible source.

Asbestos was found within soil samples obtained at both of the residential properties in the
investigation area (5'9(2)(a) ) where asbestos testing was
undertaken. Asbestos was not tested during investigations at the other properties within the
wider investigation area. As with the lead paint issue, care needs to be taken to understand the
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provenance of the asbestos —i.e. it is important to understand whether the asbestos is a result

of the emplaced fill or rather it has come from the housing built after the fill was emplaced. The
fill material and its characteristics are the key focus of the investigation rather than deteriorated
material from current housing.

Information sourced from the Ministry of Business, Innovation and Employment (MBIE) indicates
that prior to World War Il asbestos in New Zealand was limited to imported manufactured items.
Asbestos-cement based materials were produced since that time, with production in
Christchurch commencing in 1943. As the fill material is thought to have been emplaced
sometime prior to the 1940s it is considered that the likelihood of asbestos being present within
the fill is low. However, as a precaution, limited asbestos testing within the fill across the project

area was undertaken.

The primary contaminants of concern are displayed below.

3.2.1 Contaminants of Concern

Contaminants

Heavy metals (inc.
CrVI)

Potential Source

Uncontrolled filling with
industrial waste

Likelihood of Presence in Soil

High — Identifi edz(}lmmg previous
investigations, ‘ / I*

Cyanide

Uncontrolled filling with
industrial waste

Moderatq f‘,z.u known to consist of industrial
waste. A&eéﬂotal evidence of disposal from
gas Works.

Polycyclic Aromatic
Hydrocarbons (PAH)

Uncontrolled filling with
industrial waste

J-;hgh§ Identified during previous

“ir tmuestlgatlons

Asbestos

Uncontrolled filling w;th\
industrial waste *_ 3 ( j(
. k s

Low in emplaced waste, (but may be present
in near surface shallow soil associated with
deteriorated current building material)

3.3 Receptors

3.3.1 Residents

Site residents are the key'receptor. Residents have garden areas and potential contact with
soil. Given the number, of properties there are likely to be a variety of age ranges including the
elderly and young*children. Pets should also be considered, e.g. dogs digging into impacted fill

material.

3.3.2 Ei(cavation Workers

It.is reasonable to assume that below ground works will be required at some stage within the
properties. Tasks involving utility placement or repair, building foundation work or any other
works disturbing the soil may mean workers come into contact with impacted fill material.

3.3.3 Plant Uptake

The metals present in fill have the potential to be phytotoxic (poisonous to plants) and to be
absorbed into plant material. Vegetable gardens may be susceptible to metal uptake.

3.3.4 Groundwater/Surface Water

According to the Canterbury Maps GIS there are no groundwater abstraction wells present in
the project area. The area is not in a Community Drinking Water Protection Zone, with the

closest zone being s9(2)(@)

. Although groundwater is not used, the shallow aquifer is still

likely to be considered as a sensitive receptor. The area lies within s9(2)(@)
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s 9(2)(a) of the project area and should also be considered a
receptor.

3.4 Pathways Connecting Sources to Receptors

We have summarised potentially complete pollutant linkages and those discounted in Table 3:
and in the initial CSM, Figure 5 of Annex A.

Table 3: Pollutant Linkages

Source Pathway Receptor

Fill - Metals, PAHs | Soil Ingestion/Dermal Contact Residents/Excavation Workers/Pets,

Previous investigations indicate that the fill material may be shallow and there is therefore potentialy
for the residents to come into contact with the contaminated material. This may be through
gardening, children playing in impacted dirt, pets digging into impacted areas or excavation workers
digging into impacted areas. Previous sampling has indicated exceedances of human health
guidelines in shallow soil and therefore this linkage is considered to be potentially complete

Fill - Volatile Inhalation of landfill gas/volatile Res|dents/Excavatlon{.Workers/Pets
Vapours vapours -

Previous investigations have found no evidence of putrescible waste or of volatrle vapours during
sampling. Sampling undertaken to date is spatially limited so the presencey ofwapours cannot
entirely be ruled out, though it is considered unlikely. This is not believed to be a complete pollutant
linkage as there appears to be no vapour source, however it was proposed to undertake field vapour
screening during the investigation as a precaution.

Fill - Asbestos | Inhalation of asbestos fibres | ;Residehts/Excavation Workers/Pets

Asbestos has been found during previous site investigations in, the soil. There is uncertainty as to
the source of the asbestos, whether it be related to the-ﬁll,r’,r:_eTat'ed to the houses built on the site or a
combination of the two. This project is focused on the fill material risk and until proven otherwise
there is potential for the fill to contain asbestos matenals It is believed that this is unllker as the
date of fill emplacement is earlier than the period 6f‘asbestos manufacture and use in New Zealand,
however there is potential for this pathway to be potentlally complete.

Fill - Metals | Plant/Vegetable Uptake | Residents

Concentrations of metals are presentin.the shallow soil at concentrations which exceed human
health guidelines including those which lnclude a proportion of produce growth and consumption.
The extent of the issue is unknown therefore this is considered to be a potentially complete pathway.

Fill - Metals Contact with fill material - Plants
phytet6xicity
The presence of elevated phytetoxic metal concentrations in the soil has the potential to damage
plants and cause vegetation die-back. No evidence of vegetation die-back has been noted in
historical investigatioﬁs,:vhowever this is considered to be a potentially complete pathway.

Fill — Metals, PAHs [*Leaching of metals and saturation | Groundwater
of organic contamination in fill

Contamlnants in the fill have the potential to leach to groundwater beneath the project area. The

historical investigations undertaken have not included any testing to assess the Ieachablllty of the

soil. Thespathway is potentially complete, however shallow groundwater is not used in the area of

the study. Residents are unlikely to come into contact with groundwater. Leachability testing of the
fill Will'be undertaken however given the focus of the investigation on human health impacts to
‘résidents we have not considered assessing the groundwater quality itself as part of this
‘assessment.

Fill - Metals, PAHs | Groundwater flow | Heathcote River

Groundwater may act as a pathway for leachable contaminants associated with the fill to enter the
Heathcote River to s9(2)(@)

of the project area. This pathway has not been proven, as leachability and groundwater
testing has not been undertaken to date. It is considered that this pathway may be potentially
complete, however, given the focus of the investigation on human health impacts to residents, this
pathway (including surface water sampling) has not been considered further.
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4.

Scope of Works

4.1 Preliminary Tasks

4.1.1 Site inspection

The site inspection included a walk over to identify areas of potential contamination based on
observation of surface conditions and evidence of current or former potentially contaminating
activities or site operations. Specifically the site inspection included the following tasks:

. Document site infrastructure and key site features

. Identify evidence of potential contamination including discolouration or stainingfonhe
ground surface, disturbed or affected vegetation or notable odours

. Identify surface water on or adjacent to the site (if any)
. Identify surrounding land uses

The site was identified as consisting of residential properties with a yariety of associated
gardens and vegetation, swimming pools, garages and greenhouses

No discolouration or staining to the ground surface or vegetation dieback was noted during the
site.

s 9(2)(@)

Neighbouring land use was identified as being primarily residential with the nearest park
(s 9(2)(a) ) being located approximately §9(2)(@) of the southern site boundary. No
commercial activities were identified

4.1.2 Utility Scanning

Utility scanning was undertaken by Underground Service Locators Limited on the 19t of
December 2017. A cable,avoidance tool (CAT) and ground penetrating radar (GPR) was used
to confirm the path ofyonsite underground services at each property. Suspected service pipes
and cables were identified and the sampling locations were selected to avoid these services.

4.2 Intrusive Locations

Each sampling location was given a unique identifier to allow fast and clear identification of
samples taken. Each location is identified by its street number followed by the sampling method
used and the depth that the sample was obtained from. For example (41_WNS_0.1) indicates
that'the sample was obtained from number §92)(@) using a window sampler at a
depth of 0.1 mbgl.

4.3 Summary of Locations

This section provides a summary of the overall sampling and monitoring locations for the DSI
followed by a rationale for each one. The sampling has been split as follows:

. 27 shallow hand augers to supplement existing data or fill data gaps
. 10 bores drilled by window sampling methods in less accessible areas
. 13 bores drilled by a Power Probe restricted access drilling rig

Samples locations were selected to confirm areas of contamination identified by the previous
investigations and to delineate the presence of fill beneath the Site. Sample locations were also
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selected to provide spatial coverage in areas that had previously not been investigated. A map
of the sampling locations is shown as Figure 2 of Annex A.

4.4 Hand Augering

4.4.1 Methodology

A hand auger was used to drive a small core barrel into the soil in order to obtain shallow
surface samples to a maximum depth of 2 mbgl. As no monitoring wells were installed during
works; the hand auger bores were backfilled with soil arisings before reinstatement of each
location using the removed topsoil to return the surface to its original condition.

4.5 Window Sampling

4.5.1 Drilling Methodology

A petrol powered window sampler was used to drive a small core barrel intexthe soil. Extensions
were added to the core barrel allowing the target depth to be reached,, This-Was designed to be
a maximum of 5m or until the base of fill had been penetrated and natural ground reached.

As no monitoring wells were installed during works; bores weresbackfilled with soil arisings.
Reinstatement of each location was undertaken using the removed topsoil to return the surface
to its original condition.

4.6 Drilling

4.6.1 Drilling Methodology

A drilling rig was used to advance the«drill hales in this area to a depth of between 4 and 4.8
mbgl. As no wells were installed ddring works; bores were backfilled with soil arisings.
Reinstatement of each location/vas,undertaken using the removed topsoil to return the surface
to its original condition.

4.7 Sample Gollection

The soil sampling was tindertaken by GHD Environmental Scientists between the 8"of January
and the 27" of February at a variety of depths to characterise the soil conditions. Soils were
sampled direetly.from the core into sample jars using clean nitrile gloves and trowels, with
cleaning between samples as discussed in Section 4.8.

Samplesywere submitted to IANZ accredited Analytica Laboratories, for analysis of pH, heavy
metals, Cyanide, polycyclic aromatic hydrocarbons (PAH) and asbestos.

4.8 Quality Assurance / Quality Control

Quality samples were collected during the soil sampling works. Duplicate sample sets were
collected to check for laboratory precision, with rinsates and trip blanks to check for cross
contamination and contamination during transport.

The following methodology was put in place in order to prevent cross contamination between
the soil samples taken at the site. The drill pieces and hand tools used were decontaminated
between locations using deionised water. The HDPE sleeves utilised for sampling with the drill
rig and window sampler were replaced between each sample location. The soil was sampled
with fresh nitrile gloves for each sample collection and placed into pre-labelled laboratory
supplied containers for analysis submission.
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5. Field Observations and Field Data

51 Ground Conditions and Geology

The site geology predominantly consisted of a thin layer of top soil underlain by silt, silty
sands, and sandy gravels.

Fill material consisted of industrial slag, glass, metal, wood and ceramics. Fill thickness variedqu
across the site from not being present to a maximum identified thickness of 3.4 m at %

Images 1-6 display the typical ground conditions encountered during site works.

2)

@ Image 3 — Foundry slag within fill material Image 4 — Metal fragments within fill
Q‘ material
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4— \% ) S
Image 5 — Natural soil / fill interface Image BX—Q’\SIi‘TaIIow fill material

Location and thickness of identified historical fill is displayed befo‘n f:m :‘Table 4 and on Figure 6

of Annex A. Graphical cross sections of fill thickness across’ the site is presented in Figures 7,
8 and 9 within Annex A and borelogs of all sample Iopabon;s are presented within Annex D.

Table 4: Fill Thickness by Property

Number | Street Fill (depthinm) | Notes

(@)
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9(2

)@)

HA — Hand Auger
WS — Window Sample
BH — Borehole

The emplaced historical fill was observed at 15 sampling locations covering 11 properties (refer

to Figure 6). Fill was thickest in the vicinity of s9(2)(@) and thinned towards s9(2)
. The main area of fill appears to lie in a north west / souf east
orientation between s9(2)(@) . The following paragraphs

should be read in conjunction with Figure 6.
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51.1 Northern Extent

To the north, the fill thins to 1.3m thick ats9(2)@) and down to 0.4m thick beneath

s 9(2)(@) . Fill was not observed in §9(2)(@) . In the eastern half of the site
the fill was observed at §9(2)(@@) , but not at §9(2)(@) to the north of it. The fill
found to the northwest at 59(2)(@) would suggest there may be some impacts
crossing the western edge of §9(2)(@)

5.1.2 Western Extent

The western edge of the filling has been identified in an approximate north-south direction with
the boundary between filling and non-filling area cutting through §9(2)(@) ,
where the back gardens contain fill, but the front gardens close to the river contained peo fill.

s 9(2)(@) contained no fill in either back or front garden locations, howeverthevadjacent
s 9(2)@) to the east contained evidence of fill, suggesting the fill boundary lies close to
the eastern edge of §9(2)(@)

5.1.3 Eastern Extent

To the east there are similar divides between the front and rear of pragperties. The front gardens
of §9(2)(@) had no observed fill, whilst fill was identified in the back
gardens. To the south east the fill boundary could not be defermined as fill was encountered at
the front (eastern) gardens of both §9(2)(@)

5.1.4 Southern Extent

To the south, no fill was found at §9(2)(@) . No fill was found by GHD ats
however, previous testing.by Eliot Sinclair Ltd has identified fill on the n?)rthern
site boundary in the vicinity of the driveway.q Fill was encountered in §9(2)(@) and
the fill boundary is likely to run in a&outheasterly direction cutting throughout §9(2)(@)
. No access was’granted to the properties to the south of §9(2)(@) SO
the south eastern extent remains unclear.

5.2 Visual Indicators of Contamination

Visual indication of ,contamination was in the form of fill material (brick, glass, metal and
ceramics) and industrial slag. This was present at the locations noted in Table 4.

Ats 9(2)(a) contamination was noted between 2.0-3.0 m bgl in the form of a
substance with an oily smell and black discolouration. This was not encountered at any other
locations,in the project area.

5.3 Gas Monitoring Results

5.3.1 Field Headspace Testing

Headspace testing of soil was undertaken throughout works using a photo ionisation detector
(PID). Readings were typically below 5 parts per million (PPM). The highest reading was a
peak 21.9 ppm taken from sample 231_BH_1.2 which quickly dissipated. Whilst slightly higher
than background concentrations, given the depth of reading this is not considered to present an
issue.

For full field headspace testing results, please refer to Table A within Annex E.

A lower explosive limit (LEL) gas detector was carried throughout field works. No indication of
concentrations of gases above the warning levels of 1% (methane), 0.5% (carbon dioxide) or
less than 19.5% (oxygen) was identified during works.
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Overall, the results support the conclusions from previous investigations that there is no
evidence of widespread gas/vapours associated with a putrescible waste source.
5.3.2 Groundwater Depth

Groundwater was encountered within the boreholes and window samples at depths that ranged

between 0.8 (231_WNS) and 3.9 (233_BH) mgbl. As no piezometers were installed during site
works, piezometric contours are unable to be defined. It is expected that shallow groundwater (L
flows westward to the Heathcote River based upon site topography. %

Please refer to Table B within Annex E for depths to groundwater. \%
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6.

Soil Sampling Results

6.1 Selection of Guideline Criteria

6.1.1 Metals

The NESCSF¢ sets national standards for contaminants in soil to protect human health. It contains
a set of soil contaminant standards for 12 priority contaminants for five standard land use
scenarios. This includes land on which any activity in the HAIL has occurred. The principal land
use category selected for this investigation was ‘residential with 10% produce use’. This is based
on the exposure of residents to near-surface soil during routine maintenance and gardening
activities with low level produce production for personal use. The recreational land use Criteria
soil contaminant standards (SCS) have been selected as this is the acceptance critéria adopted
by Burwood Landfill should the fill be removed from site.

The SCS for the residential land-use scenario are to be used for comparisomwith the site data.

The intention of the NESCS is to determine whether the land is suitable,for its proposed end use
when considering prescribed contaminant standards.

In the absence of New Zealand risk based human health critefia for certain contaminants of
concern, the Australian National Environment Protection Measure 2013 (NEPM) guidelines”
have been adopted for this investigation. Contaminants,ineldded from the NEPM guidelines are
nickel, zinc and beryllium.

The NEPM covers a range of land uses. For the,purposes of this assessment, the NEPM Health-
based Investigation Levels (Residential A) hasjbeen selected based on the land use and site
attributes, to best represent likely exposure pathways.

The MfE Class A land fill acceptance eriteria® has been selected for metal comparison has been
selected as this is the acceptance, criteria adopted by Kate Valley Landfill should the fill be
removed from site and metal concentrations be above the Burwood Landfill acceptance criteria.

The Canterbury Regional Background Soil Concentrations (CRBSC)? for a recent earth type
have been selected as guidance on the average regional concentrations for the natural soil type
identified onsite.

6.1.2 Cyanide

The MfE/Quid€lines for assessing and managing contaminated gasworks sites? has been
selectedhas the guideline criteria for cyanide. Values have been obtained from Table 4.2.7.3
(Residential 10% produce home grown) to give a conservative measure for the protection of
human health.

& Ministry for the Environment, 2012. Users Guide: National Environmental Standard for Assessing and Managing Contaminants
in Soil to Protect Human Health. Wellington: Ministry for the Environment

" National Environment Protection (Assessment of Site Contamination) Measure. 2013. Schedule B (1) Guideline on the
Investigation Levels for Soil and Groundwater.

8 The Ministry for the Environment Landfill Waste Acceptance Criteria. Module 2 — Hazardous Waste Guidelines : Landfill waste
acceptance criteria and landfill classification

9 Background Concentrations of Trace Elements in the Major Soil Groups of the Canterbury Region, Jarred Pettersson, Vinvent
Salomon, Helen Davis.

10 The Ministry for the Environment Guidelines for assessing and managing contaminated gasworks sites in New Zealand

(1997)
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6.1.3 Hydrocarbons

The Oil Industry Guidelines!! (OIG) provide nationally consistent risk based criteria for the
assessment of risks from petroleum based contaminants found in typical fuel products (petrol and
diesel) to human health and the environment. The OIG can be applied to a range of land uses,
environmental settings, and exposure pathways including groundwater.

The guidelines include a range of “generic” land uses to support the development of “tier one” risk
based criteria for soil and groundwater quality.

The guidelines selected for this assessment relating to PAH are based upon a residential land
use setting for a sand and sandy silt based matrix.

6.1.4 Asbestos

As only asbestos presence / absence analysis was performed, no guideline values/ave been
selected for comparison.

6.1.5 SPLP testing

Leachability testing was undertaken using laboratory SPLP testing.(This test is designed to
mimic the effects of leaching on the material in question, in this,case the emplaced fill material.
It was undertaken on selected soil samples identified as havihgielevated concentrations of
heavy metals above the recreational guideline criteria. ,The"ANZECC 20002 guideline criteria
for the protection of 90% of fresh water species was used to assess the potential impacts on
surface water.

6.2 Analytical Results

For full analytical results, refer to the tables presented within Annex F. Laboratory transcripts
are presented within Annex G.

6.2.1 Metal

Arsenic

Samples collected from nine of the 20 properties contained concentrations of arsenic that
exceeded the NESCS residential criteria of 20 mg/kg. The distribution of exceedances is shown
on Figure 10 within Annex A. These properties were §9(2)(@)

s 9(2)(a) also exceeded the NESCS
recreational guideline criteria of 80 mg/kg.

The highest concentration recorded was 187 mg/kg obtained from the borehole at s9(2)(@)
from a depth of 2.4 mbgl.

All the exceedances are coincident with areas of observed historical fill with depths ranging from
near surface 0.1m to 4.2m.

Beryllium

No concentrations of beryllium exceeded the selected guideline criteria.

11 Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in
New Zealand — Tier 1 soil Screening Criteria

12 Australia and New Zealand Guidelines for Fresh and Marine Water Quality, 2000
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Boron

No concentrations of boron exceeded the selected guideline criteria.

Cadmium

Samples collected from seven of the 20 properties contained concentrations of cadmium that
exceeded the NESCS residential guideline criteria of 3 mg/kg. The distribution of exceedances
is shown on Figure 11 within Annex A. These properties were §9(2)(@)

The highest concentration recorded was 14.1 mg/kg obtained from the borehole at§9(2)(@)
from a depth of 2.4 mbgl. All the exceedances are coincident with areas of observed
historical fill.

Chromium

No concentrations of chromium exceeded the selected guideline criteria.

Chromium VI

No concentrations of chromium VI exceeded the selected guideline criteria.

Copper

No concentrations of copper exceeded the selected guideling criteria.

Lead

Samples collected from 14 of the 20 propertiesycontained concentrations of lead that exceeded
the NESCS residential guideline criteria of 210.ng/kg. Lead is the most prevalent of the
contaminants present in the fill material, “The distribution of exceedances is shown on Figure 12
within Annex A. The properties with exceedances of lead criterias’9(2)(@)

s 9(2)(a)
also exceeded the NESCS recreational guideline criteria of 880 mg/kg.

Many of the propertiesshave concentrations in excess of 5,000 mg/kg —§9(2)(@)

were in excess of 10,000 mg/kg. The highest concentration recorded was

16,500 mg/kg obtained from the window sample at§9(2)(@) from a depth of 3.5 mbgl.
Of notenisithat the lead exceedances at §9(2)(@) and the
samples/from the western halves of s9(2)(@@) were not coincident with observed

fill material. This is discussed further in Section 7.

Mercury

No concentrations of mercury exceeded the selected guideline criteria.

Nickel

Samples collected from 3 of the 20 properties contained concentrations of nickel that exceeded
the NEPM Residential ‘A’ guideline criteria of 400 mg/kg. The distribution of exceedances is
shown on Figure 13 within Annex A. These properties were §9(2)(a)

The highest concentration recorded was 8,980 mg/kg obtained from the window sample ats
rom a depth of 3.5 mbgl. All the exceedances are coincident with areas of g;
observed historical fill.
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Zinc

Samples collected from 2 of the 20 properties contained concentrations of zinc that exceeded
the NEPM Residential ‘A’ guideline criteria of 8,000 mg/kg. The distribution of exceedances is
shown on Figure 14 within Annex A. These properties were §9(2)(a)

The highest concentration recorded was 11,700 mg/kg obtained from the borehole at§
om a depth of 2.4 mbgl. Both exceedances are coincident with area%bf
observed historical fill.

6.2.2 Asbestos

Asbestos analysis was undertaken for presence / absence only. White crystalline asbestos
fibres were detected within a single sample within the fill material obtained from the“berehole at
s 9(2)(a) at a depth of 3.5 mbgl. A shallower sample from 0.4m and a deéper sample
from 4.7m at the same location did not detect asbestos fibres.

The remaining sixteen samples analysed did not detect the presencewoftasbestos fibres.

The asbestos therefore appears to be a small isolated amount buried/within the fill at depth in a
single location, well below the surface.

6.2.3 Cyanide

No concentrations of cyanide exceeded the selected/guideline criteria.
6.2.4 PAH

Naphthalene

No concentrations of naphthalene é€xceeded the selected guideline criteria.

Pyrene

No concentrations of pyren€ exceeded the selected guideline criteria.

Benzo(a)pyrene (BaR)

Samples collectedfrom nine of the 20 properties contained concentrations of BaP that
exceeded the NESCS residential guideline criteria of 10 mg/kg. These properties were §9(2)(@)

s 9(2)@) also exceeded the
NESCS recreational guideline criteria of 40 mg/kg.

The’highest concentration recorded was 150.58 mg/kg obtained from the borehole ats
rom a depth of 1.2 mbgl. The distribution of exceedances is shown ori(Figure 15
within Annex A. All the exceedances are coincident with areas of observed historical fill.

6.2.5 Soil pH

Soil pH was measured in 11 samples. Soil pH was found to be typically neutral around pH7 and
varied between a slightly acidic pH 6.1 and pH 7.4.

6.2.6 SPLP

A total of 17 samples were selected to undergo leachability testing using the SPLP (Synthetic
Precipitation Leaching Procedure) method. This simulates the effects of normal weathering on
the fill material and provides a concentration in liquid. The samples were chosen based on high
metal results in the initial soil samples.
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As we are concerned with groundwater as a potential pathway to the nearby Heathcote River,
we have considered concentrations against ANZECC 90t percentile water quality guidelines.
There will be notable dilution upon entering the river and the guidelines specify that reasonable
mixing should be included. As a result, the potential exceedances of the ANZECC criteria
provide a very conservative approach in this instance. A more detailed assessment focused on
surface water risks would be required to understand this further. The numbers presented are
therefore designed to act as a guide for further investigation.

Of the 17 samples tested, all contained concentrations of leachate which would exceed the
ANZECC guidelines. The contaminants which exceeded the guidelines were consistently
cadmium, copper, lead and zinc, with one nickel exceedance.

Table 5: SPLP Exceedances

ANZECC 90%ile (mg/L) Range of Site Exceedances
(mg/L)

Cadmium 0.0004
Copper 0.0018
Lead 0.0056
Zinc 0.013
Nickel 0.015

6.2.7 Summary of Exceedances

Exceedances of NESCS residential ériteria.are provided in the table below.
Table 6: Exceedances of NESCS Soil Residential Criteria

s9(2)(a Arsenic Cadmium Lead BAP Nickel Zinc

X X X
X
X X X X X
X X
X X
X X
X X X
X X X
X
X X X
X
X
X
X
X
X X X X
X
X X X X X
X
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$9(2)(a)
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X
X
X
X
X X X
X X X
X X X X
X X
X X X X
X X
X X X

The data collected shows contamination closely matches the presence of historical fill"material.
Chemically the fill is characterised by high lead concentrations, typically assogiated'with
cadmium, arsenic and BaP and occasionally associated with isolated nickel.and zinc hot spots.
There are some differences towards the edges of the project area where, there are isolated,
lower level lead exceedances, without the associated other metals ornBaP’(e.g. §9(2)(@)

). These are likely to,be a result of a
secondary source, most likely lead based paint from house painting.

Leachability testing indicates that the fill material is leaghingtorgroundwater and potentially may
be transported to surface water via groundwater flow._Further investigation would be required to
understand actual concentrations in groundwater,*groundwater flow direction, gradient and
concentrations in the river.

6.3 Quality Assurance /Quality’Control

Twelve duplicate sample sets were(taken,during site works.

The relative percentile differential (RPD) varied from 0% to 53.71%. This is likely due to the
heterogeneous nature of the soil'teSted and the small fraction of soil taken from the laboratory
during analysis of the heavy,/metals. GHD considers that the analytical results are acceptable
for the purposes of this\repert.

The Trip and Rinsate Blank detected trace concentrations of some metals within the same order
of magnitude ag the‘detection limits for each element. Further discussion with the laboratory
indicated that during the deionisation process very low concentrations of elements can persist.
Laboratafies, régularly test batches of deionised water and elements have been proven to
persist after treatment due to the degradation of filter membrane from multiple treatment cycles.
Therefore, it is considered likely that the elements were present within the supplied deionised
water and does not indicate that cross contamination occurred onsite or during sample transit.

For full quality assurance and control results refer to the tables provided within Annex F.
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7.

Revised Conceptual Site Model

An updated conceptual site model is presented as Figure 16 within Annex A. Contaminant
sources, pathways and receptors are detailed below.

71 Sources

71.1 Emplaced historical fill

Fill was identified at 11 of the 20 properties investigated during the January 2018 DSI. These
properties are identified on Figure 17 of Annex A. Properties with identified fill at each.sampling
location are shaded as red, properties with partial fill material are shaded orange andproperties
with no identified fill material are shaded green.

The thickest area of fill (up to 3.4 m) was identified within the window sample taken ats
Neighbouring samples locations at §9(2)(a) %
also showed fill thickness in all sample locations of greater than 2 m. A central
band of fill runs through these properties with the top of the fill being identified within 0.1 m in
most sample locations.

At properties §9(2)(@) , Fill was
identified at one sample location only indicating variance across the properties. At§9(2)@)

, Fill was identified within two locations at the(rear of the property with no fill identified at
the front of the property. All of these properties adjoin‘the properties within the central band of
fill that runs through the site.

Consistency with Previous Sampling

s 9(2)@) - Results confirmythe,Environment Canterbury testing in 2017 and the Cook
Costello Ltd 2015 report whichfreported high concentrations of arsenic, lead, nickel and zinc
above the NESCS residential guideline criteria. All four samples appeared to encounter fill,
whereas the GHD sample location WS_17 did not encounter fill material. This would appear to
indicate there may be‘isolated pockets where fill is not present or it becomes patchy towards the
edge of the historical filling area.

s 9(2)@) —Results confirm the Environment Canterbury testing in 2017 and the
ENGEO 2014 report which reported high concentrations of arsenic, lead, nickel, zinc and BaP
above the"NESCS residential guideline criteria within fill material.

s 9(2)@) — Results confirm the Environment Canterbury testing in 2017 and the Coffey
2015 report which reported high concentrations of arsenic, lead, nickel and BaP above the
NESCS residential guideline criteria within fill material. This report also identifies with
concentrations of chromium which were not found by the subsequent Environment Canterbury
and GHD investigations. The Coffey 2015 investigation shows exceedances in the front
(eastern) yard of the property. The GHD sample location in the front yard was further east and
close to the eastern edge of the property. This would suggest that the filling is present under
the house at this location with the edge of filling ceasing close to the road.

s 9(2)(a) — Results confirm the Environment Canterbury testing in 2017 and the
ENGEO 2015 report which reported high concentrations of arsenic, lead and BaP. There is a
clear distinction from fill being present to the rear of the property but not in the front of the
property.

s 9(2)@) - Results confirm the Environment Canterbury testing in 2017 and the Tonkin
and Taylor 2015 report which reported high concentrations of arsenic, cadmium, lead and BaP
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above the NESCS residential guideline criteria. The Tonkin and Taylor sampling was only in the
back yard of the property, no samples from the front were collected.

s 9(2)(a) - Results confirm the Environment Canterbury testing in 2017 and the
ENGEO 2013 report which reported high concentrations of arsenic, cadmium, lead, zinc and
BaP above the NESCS residential guideline criteria. Fill material was noted within the logs
taken during sampling. The samples collected were composited into a single sample for
analysis so the exact location of the exceedances is unknown.

s 9(2)(a) — The Environment Canterbury testing in 2017 reported concentrations of
lead above the NESCS residential guideline criteria. No other analytes were found to be above
the NESCS during the Environment Canterbury sampling. Further investigation by GHD in 2018
did not identify any fill material at this site and analytical testing reported that all analytes were
below guideline criteria. This would suggest that the lead encountered during thetEnvironment
Canterbury sampling is likely related to a non-fill source, e.g. leaded paint.

s 9(2)(a) — An Eliot Sinclair investigation in 2016 concerned the removal of 100 mm of
buried topsoil from under the existing driveway of the property near the garage. Three test pits
were excavated to 400 mm and soil composited into a single sample.. Analysis found lead at a
concentration of 990 mg/kg and exceeds the NES Soil Criteria for.regidential use. These
combined samples were collected from the eastern end of the property. The GHD samples
from the western end of the property found no evidence of filhand chemical analysis showed
compliant concentrations. This property has therefore‘been shaded as orange on Figure 17, to
reflect that fill was only present on parts of the property, not all of it.

For the most majority of sampling locations, concentrations of contaminants that exceed the
selected guideline criteria coincide with the properties that have displayed shallow fill. The
highest elevations of the primary contaminants-identified that exceed guideline criteria (arsenic,
cadmium, lead and BaP) strongly cogrelate with the fill material encountered at each sample
location.

Where the fill has been shown "o end at depth, the concentrations of contaminants have sharply
decreased within the naturalsoil to acceptable concentrations.

7.1.2 Other sources

Ats9(2)@) , high concentrations of lead in surface samples were reported during
the 2017 Environment Canterbury investigation. Further sampling by analysis by GHD in 2018
did not identify }he presence of any fill material and all analytes were below the relevant
guideline criteria. As lead was the only analyte identified in elevated concentrations, and due to
the shallow location of identified contamination, it is believed that this source is not the fill
material typical at other properties across the site. Lead paint was typically used within New
Zealand prior to 1965 and it is deemed likely that this is potentially the source of shallow
contamination identified during the Environment Canterbury investigation.

Isolated but lower level lead exceedances that are not associated with other contaminants were
also encountered by GHD ats9(2)@)
9

Ats9(2)@) , ho visual evidence of the fill was encountered during sampling and
analysis indicated lead exceedances only. Nonetheless, there are lead exceedances at shallow
depths on the property at three separate locations. Given its location, it is suspected thats

may be close to the edge of the former fill edge and the lead exceedances%’nay
be related to some overspill of impacted material at the fill edges.

Ats9@2)@) , there is one isolated lead exceedance. Two additional locations located
either side of the exceedance had NES-compliant concentrations. There was no evidence of fill
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during the works and the exceedance lies close to a fence. Lead paint from the fence may be
the source of the exceedance.

At s 9(2)(a) , there is one isolated lead exceedance. Similar to §9(2)(@) ,
the other two locations contain NES-compliant concentrations. The location at §9(2)(@)
also backs onto the same fence at §9(2)(@) Paint from the fence or

remnants from the demolition and removal of a previous dwelling may be the source of the lead
contamination.

s9(2)(a) contains the largest number of sample points. At the front (west) of the property,
lead exceedances were found at two shallow locations §9(2)(@) with other.
locations in the same area containing compliant concentrations §9(2)(@) ).
These exceedances are close to the fence line and given the lack of other contaminants and the
relatively lower levels compared to those typically seen in the historical fill; it is thoughtlikely
that the fence paint may be the source of the impacts.

Towards the centre of the property, locations at §9(2)(@) found
concentrations of lead which exceeded the NES criteria. This was caificident with some shallow
modern fill material which anecdotal evidence indicates is related to the\lifting of the dwelling for
flood protection. This fill has quite different characteristics to the historical fill. No other
contaminants of concern exceeded the criteria. It is likely the gxeeedances are related to this
more modern fill as opposed to the historical fill material.

At the rear of the property both the window sample §9(2)(@) contained visual
evidence of the historical fill material prevalent across other properties. This was confirmed by
the laboratory results.

s 9(2)@) therefore has a more complex mixture of contamination sources, with identified
historical fill at the rear of the property,and’'some isolated impacts from modern fill at the south
side of the house and lead exceedanges,Close to the fence line at the front of the property.

7.2 Receptors

7.2.1 Residents

As fill material has been shown to be present at shallow depths across a number of properties,
Site residents are‘the key receptor. Residents have garden areas and the likelihood of contact
with contaminaled soil is high. Given the number of properties, there are likely to be a variety of
age ranges (ncluding the elderly and young children. Pets are also considered as being at risk
of expase torcontaminated soil, e.g. dogs digging into impacted fill material.

7:2.2 Excavation Workers

It,iS reasonable to assume that below ground works will be required at some stage within the
properties. Tasks involving utility placement or repair, building foundation work or any other
works disturbing the soil will mean workers come into contact with impacted fill material at the
properties identified as having fill material.

7.2.3 Plant Uptake & Plant Damage

The metals present in fill have the potential to be absorbed into plant material and at higher
concentrations to be phytotoxic (poisonous to plants). Vegetable gardens may be susceptible
to metal uptake.
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Ecological soil guideline values have been proposed by Landcare Research!®. These are
designed to be protective of both plant and animal life. They are designed to be used as a
guide in areas such as contaminated land management, but not as absolute thresholds.
Exceedances of SGVs are meant to point the assessor to potential further investigation. We
have not undertaken a full risk assessment in relation to plant and animal impacts, but rather
used the Eco-SGVs to indicate whether there is likely to be issues for plant growth.

The concentrations of the principal contaminants in the fill material (e.g. lead, arsenic, cadmium,
BaP) would exceed the ecological SGVs and therefore pose a potential risk to plants in garden
areas with impacted fill material. There are many factors to consider, such as type of plant, the
depth of plant roots and the exact location of fill material in growing areas, however the potential
for plant damage is considered to be plausible given the high concentrations of metals recorded
in the subsurface.

7.2.4 Groundwater/Surface Water

According to the Canterbury Maps GIS there are no shallow groundwaterz@bstraction wells
present in the project area. The three active groundwater wells are drilled ‘into a deeper
confined aquifer at a depth greater than 40 mbgl. The area is not in"axCommunity Drinking
Water Protection Zone, with the closest zone being 1km east. Altheugh groundwater is not
used within the project area, the shallow aquifer is still likely to'be eonsidered as a sensitive
receptor by the regulator.

s 9(2)(a)

7.3 Pathways

7.3.1 Dermal Contact and Ihgestion

Fill material present in soil hias,the potential to come into contact with residents and pets in
garden areas (e.g. via‘gardening activities, pets digging or children playing and ingesting soil).
Excavation workers also have the potential for contact and ingestion with impacted fill material,
if appropriate precautions are not undertaken. Ingestion is also possible through consumption
of vegetables, grewn in impacted areas.

7.3.2 Vapour Inhalation

Monitoring for volatiles with a PID and LEL during site works did not identify any areas with high
coneentrations of vapour or gas.

There is no evidence to suggest that waste is present which is likely to give rise to landfill gas
(or other volatile vapours) beneath the project area. No landfill gas/vapour monitoring points are
considered necessary. As a result, vapour issues have not been considered further in the risk
assessment.

7.3.3 Leachability and Groundwater Flow

As the fill material is likely saturated in places, leaching of metals to groundwater is likely to
have occurred. Groundwater may act as a contaminant transport mechanism (as well as being
a receptor). There are no known abstraction wells in the area, §9(2)(@)

13 Development of soil guideline values for the protection of ecological receptors (Eco-SGVs):
Technical document Envirolink Tools Grant: C09X1402, Landcare Research, June 2016

38 | GHD | Report for Environment Canterbury - §19(2)(a) Detailed Site Investigation, 51/37675/



19-D-02771

Source Pathway Receptor

s 9(2)(a)

Leachability testing confirmed that the fill material is likely to leach into groundwater. All 17
samples tested from areas of fill found concentrations of leachate containing cadmium, copper,
lead and zinc which would exceed ANZECC surface water quality guidelines.

7.4 Risk Assessment

The following table summarises the exposure pathways which are considered to be potentially
complete and those which have been ruled out. For a complete exposure pathway there must

be a source, pathway and receptor.

Table 7: Risk Assessment

Fill = Metals,
PAHs

Soil Ingestion/Dermal Contact Residents/Excavation Woxke’rslPets

The investigation has shown that the fill material is shallow and there is therefore potentlal for
the residents to come into contact with the contaminated material. This, may 'be through
gardening, children playing in impacted dirt, pets digging into |mpacted areas or excavation
workers digging into impacted areas. Sampling has indicated exceedances of human health
standards in shallow soil and therefore this linkage is considered to be potentially complete.

Fill - Inhalation of asbestos fibres ReSIdenIlexcavatlon Workers/Pets
Asbestos

Asbestos was found during the site investigation at one Iocatlon within fill material at 3.5m.
Sixteen others samples did not detect asbestos. The'presence of asbestos fibres does not
necessarily constitute a human health risk, as the! mmal testing was a presence/absence test
and quantitative analysis would be required to, understand the actual concentrations of
asbestos fibres. Due to the depth of the asbestos at 3.5m, with shallower asbestos-free
samples above it, residents and pets are, not, con5|dered at risk. It is unlikely that workers
undertaking excavation activities (e.g- uhhty pipe works) would need to reach such a depth so
we consider it unlikely this exposure pathway would be realised.

Fill - Metals | Plant/Vegetable Uptake | Residents

Concentrations of metals are present in the shallow soil at concentrations which exceed the
NESCS human health standards The NESCS include a proportion of produce growth and
consumption. This is therefore a potentially complete pathway, as there is shallow
contaminated fill material,in some properties, with vegetable growing occurring.

Fill - Metals Contact with fill material - Plants
phyﬁotoxwlty

The presence” of elevated metal concentrations in the soil has the potential to damage plants
and causewegetation die-back. No evidence of vegetation die-back has been noted in
historical investigations or in the GHD 2018 investigation, however given the concentrations
measi]reci in the soil we consider this a potentially complete pathway.

Fill-~ Metals Leaching of metals and saturation | Groundwater
PAHs of organic contamination in fill

“The historical investigations undertaken have not included any testing to assess the

“Contaminants in the fill have the potential to leach to groundwater beneath the project area.

leachability of the soil. SPLP testing was undertaken on 17 samples and confirmed that
leachate contained elevated levels of cadmium, copper, lead and zinc. The pathway is
potentially complete, however shallow groundwater is not used in the area of the study.
Residents are unlikely to come into contact with groundwater.

Fill - Metals, | Groundwater flow Heathcote River
PAHs

Groundwater may act as a pathway for leachable contaminants associated with the fill to
enter the Heathcote River s9(2)(@)

Leachability testing indicated that metals are likely to
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be leaching to groundwater and hence has the potential to reach nearby surface water
courses.

We consider that this pathway may be potentially complete, however, further work would be
required to understand the hydrogeology and transport mechanisms to the river. This was not
part of the scope of this investigation.
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Q.

Jog
%
2

Conclusions and Recommendations

8.1 Conclusions

8.1.1 Extent of Fill Material

The area of the site upon which fill was emplaced has been further delineated. Ten of the (L
properties investigated were identified as being impacted by fill material. %

A summary of fill conditions is outlined below: %
e Depth to fill has shown to be typically within 0.1 m from the surface at all i |mpa sites.

e Four properties were identified as having fill within all sample locations. £)
properties were

e Seven properties were identified as being partially impacted by fill material. These
properties were

e At the remaining seven properties, historical fill material wa% identified during GHD
sampling. These properties were

P However, historical fill was
identified during sampling by Eliot Sinclair Ltd 6\ which contained lead

contamination.

e Although no historical fill material was noted,'shallow lead contamination was noted at
three locations at

1 &

e The identified thickness of@ks from 0.5 to 3.4 m. Fill is likely to thin at the edge of
emplacement and may, r within areas in the vicinity of so@j@mmmy,
where the thickest fill nd

e The fill contains m including industrial slag, glass, metal, wood and ceramics. No
decomposinq{ﬁ@tation or putrescible waste was identified during site works.
it

e Vapour mﬂ oring during site works did not identify any locations with high vapour or
ga:@ ations. The highest reading recorded with a PID was 21.9 ppm taken from
1_BH_1.2.

The fi fé‘ is unknown at the following locations:
e he properties to the south and southwest of gg@j@ e

— access was not granted by property owners.

@ e To the east of s@@)@ iy - the easternmost samples at the front of these

properties encountered fill. The extent of fill beyond the housing and into the roadside
berm is unknown.

8.1.2 Nature of Contamination

Contaminant concentrations were shown to be highest within samples taken within the fill
material and these sharply decreased when the natural material at the base of the fill was
reached. A summary of contaminant findings is as follows:

Metals

Concentrations of heavy metals were shown to be present in concentrations above the selected
guideline criteria at 14 of the 20 properties investigated. The majority of these exceedances are
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coincident with the fill profile that runs in a north west to south east pattern across the area.
However, but some properties have isolated metal concentration exceedances that are
unrelated to fill material.

Asbestos

Asbestos was identified within one sample at59(2)(@) at a depth of 3.5 mbgl. Due to
the depth of this sample, there is no identified risk posed to residents from asbestos. If deep
excavation were to occur in the future, management procedures would need to be implemented
to ensure the safety of excavation workers, however it is unlikely works would extend to 3.5m

Cyanide

Detected cyanide concentrations were many orders of magnitude below guideline criteria.
Therefore, cyanide is not considered to pose a risk to residents or works on the inyestigated
properties.

Polycyclic Aromatic Hydrocarbons

BaP was shown to exceed guideline criteria at nine of the properties-sinvestigated. All BaP
concentrations that exceed guideline criteria were located within the fill material.
Concentrations of naphthalene and pyrene were below guideline eriteria within all samples
analysed.

Leachability

Leachability testing of samples from the fill found that copper, cadmium, lead and zinc were
leaching from the samples at concentrations which exceeded ANZECC guidelines.

8.2 Risks to Human Health

The primary identified risk is via.diteet soil ingestion, dermal contact with fill material and
ingestion of produce grown in impacted areas.

The investigation has shown that the fill material contains elevated concentrations of metals and
BaP and as it is located/@atashallow depth at properties across across the site, the potential for
residents, pets and onsite-workers to come into contact with the contaminated material is
considered high. This may be through gardening, children playing in impacted dirt, pets digging
into impacted areas or excavation workers digging into impacted areas. At several locations,
sampling has indicated the concentrations of metals and BaP are many times in excess of the
NESCS fiuman health guidelines for a residential property.

As asbestos was positively identified by the laboratory in one location and with sixteen negative

samples it is not deemed a typical contaminant associated with the fill material. Given the depth
of the one sample at 3.5 m it is not considered to present a risk to human health as exposure is

unlikely.

Concentrations of metals and BaP are present in the shallow soil in which plants and vegetables
are grown. Concentrations of contaminants exceed the NESCS human health guidelines for
residential sites which include a proportion of produce growth and consumption. Therefore
there is a risk posed to human health by the ingestion of produce grown at all investigated sites
with the exception of §9(2)(@) where the
fill was found to be absent and acceptable concentrations were recorded.

8.3 Risks to the Environment

The results indicate that soil concentrations in areas where the fill has been observed contain
concentrations of metals which may affect plant health. As discussed in Section 8.1.1 there are
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also properties containing lead contamination not associated with the historical fill. Metals at
high concentrations may be phytotoxic, i.e. poisonous to plants, and plants may exhibit stunted
growth or not grow at all. This is highly species dependent and is subject to a number of
factors; however the concentrations measured are typically in excess of ecological soil guideline
values and suggest that this is a valid risk.

Leachability testing found that the fill material is likely to be leaching certain metals to
groundwater. This has the potential to migrate and reach surface water, although this will be
subject to attenuation processes and dilution in the receptor. The risk to human health was the
focus of this investigation and further work would be required to fully understand the risk to
surface water.

8.4 Mitigation of Impacts and Potential Remedial Actions

The scope of this investigation was not to provide a full remedial options study, but(to provide
general guidance on the types of remediation that may be considered. We have considered
three options to mitigate the impact of the contaminated fill material and renmediate the impacted
properties to a safe level.

8.4.1 Option 1: Full Source Removal

Source removal would involve excavation of the entire fill material, both vertically and laterally
from beneath each of the impacted properties. The behnefits of this solution are that it fully
removes the source, provides some certainty aroundsthe vesidual risk (if any) and reduces the
future risk in areas of soil access. However, this is'eonsidered impractical as a number of
houses would need to be physically removed in‘erder to excavate all of the source material and
has not been considered further.

8.4.2 Option 2: Targeted Source-Removal

Partial source removal by the excavation of the shallow soil of properties in accessible areas
and backfilling with clean topsoihand marker layer/bidim would allow existing structures to
remain in place.

The benefits of this selutionrare that it removes the source to a depth where contact during
routine activities will be‘unlikely. The marker layer would be laid at the base of the cleanfill
material to provide Vvisual warning that the remaining impacted fill layer is underneath. This
option provides seme certainty around the residual risk and reduces the future risk in areas of
soil access

This remedial option would allow the growth of vegetables in designated areas without the need
fosraised garden beds.

The implications of this mitigation option is that the fill material will be difficult to remove and
Cause significant disruption to residents. There is currently no engineering access to some back
gardens and fences and planted gardens would require removal. This likely would mean some
access agreements would need to be made between neighbours. Affected residents may be
required to (or wish) relocate during remediation works. Management processes would need to
be implemented on affected sites to protect personnel performing deeper excavations in the
future.

Many residents are unlikely to be open to this option due to sentimental association with
features of their properties and some gardens may have undergone decades of development.
However others may welcome the opportunity to have the material removed and redesign their
garden. As a result, individual property discussions are recommended.
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8.4.3 Indicative Disposal Costs

Environment Canterbury requested some preliminary information regarding potential costs of
impacted soil disposal. At this stage only indicative costs around transport and disposal have
been considered, a full remedial options study and costings would be required to more
accurately understand costs.

Preliminary discussion with soil contractors has indicated a minimum rate for disposal (transport
and landfill fees) is in the order of §9(2) per tonne of freated material. The material would
require pre-treatment by a special‘Bl‘@ontractor, as the current concentrations are higher than/™ %,
the acceptance criteria for the regional landfill at Kate Valley. There would be additional costs . '
to be considered including (but not limited to) excavation, pre-treatment, costs of clean backfill
material, l[aboratory fees, validation sampling, consenting and reporting. .

In estimating the transport and disposal costs for treated soil, we have looked at sdmé’pbtential
scenarios, with a summary provided in Table 8:

1. Full fill removal across all properties - Based on conservative estinfatés of contaminated
fill volume (averaged identified fill thickness across site area)forted-sites and half this
value across orange sites (as shown on Figure 17) an estimated volume of 24,000 m3
of impacted material was reached. Assuming a bulk denSity'ef x 2.0 (due to the high
metallic content) this equates to approximately 48,000'tonnes. Excluding the cost of
pre-treatment prior to disposal at Kate Valley Landfill, full source removal would incur
disposal costs in excess of s9@)B)n NZD. :

() N
2. Full removal of all impacted areas to a depth of Tm — similar to 1) above this assumes a
removal across all properties but with removal limited to a depth of 1m.

3. Full removal of all impacted areas to a depth of 0.5m — similar to 2) above this assumes
a removal across all properties,but with removal limited to a depth of 0.5m.

4. Targeted removal of garden‘areas (e.g. excludes driveways/sealed surface) to a depth
of 1m — this assumes that only 30-50% of property areas comprise unsealed garden
areas, and the top 1m is removed in those garden areas.

5. Targeted rer_nova'l!of garden areas (e.g. excludes driveways/sealed surface) to a depth
of 0.5m — simi!ar_to 4) above this assumes a removal of the top 0.5m from garden
areas.

Table 8: Ontline Soil Disposal Estimates

Scenario Approximate Approximate Transport & Disposal Cost
Tonnage

; ;?D’ull Removal of Fill 48,000t s 9(2)(b)
N jz. Full Removal of Top 1m 10,500 t s 9(2)(b)
3. Full Removal of Top 0.5m 5,250 t s 9(2)(b)
4. Garden Area - Removalof 3,150t-5,250t s9(2)(b)ii)
Top 1m
5. Garden Area - Removal of 1,575t—-2,625t s9(2)(b)i)
Top 0.5m
t - tonne
M — Million NZD
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8.4.4 Option 3: Soil Access Restrictions and Management Procedures

An active management procedure could be investigated and would be designed to prevent
residents being exposed to the contaminated fill material.

This would effectively mean preventing vegetable growth in soils with impacted fill and instead,
would restrict growth to raised beds to prevent root contact with the contaminated material or
contaminated groundwater.

The solution would be a lower cost than other approaches and the impact on residents would be
minimal when compared to either of the excavation options. However this option is reliant on a
self-management approach. Given that vegetables were still being grown in garden areas
during the 2018 investigation, despite advice from Environment Canterbury not to growsand
consume vegetables, this approach cannot be relied upon.

Residents with children would need to manage children’s garden activities in contact with soil
areas which still had access to impacted fill material. There would be minimal“epportunity for
regulators to check and maintain compliance, unless regular compliance ¢hecks are
undertaken.

8.5 Summary of Affected Properties

There are 14 properties that currently contain concentrations.of ‘contaminants at levels that
exceed the NESCS criteria for a residential land use. As(these properties exceed the NESCS
criteria, the cultivation and consumption of produce isrdeemed to be potentially hazardous to
human health and should cease immediately until remedial measures have been implemented.
Ingestion of soil is also deemed a potential risk to human and animal health and contact with
soil on sites should be avoided. Pets shall bekept away from areas of exposed soil upon
properties until mitigation measures have been implemented.

Of the 20 properties investigated by«GHD;, 11 properties contained evidence of historical fill
material and associated soil contaminant guideline exceedances. Three properties contained
exceedances of soil contaminantgdideline exceedances with no fill identified. On 5 properties
fill was not identified and all eontaminant concentrations were below guideline criteria.

Based on the samples cellected and visual observations made by GHD, the following properties
have shown evidence of'the presence of fill and are considered to be impacted by saoil
contamination:

b s 9(2)(a)
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Based on the samples collected and visual observations by GHD, the following properties have
shown no evidence of the presence of fill but are considered to be impacted by soil
contamination:

u [ (no fill was found in the locations investigated by GHD at519(2) q%

P but fill was found in a previous investigation by Eliot SinclafP)Ltd)

Based on the samples collected and visual observations made by GHD, the following properties
have shown no evidence of the presence of fill and are considered to be unimpacted@
contamination:

. ] Q;S}O
¢ — &
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Appendix B - Previous Geological Bores



Associates

Soil Borehole Log

Golder

Location:s 9(2)(a)

Christchurch

Reference:

GA_RO_8493

North (m):S 9(2)(a)
East (m):5 9(2)(a)
Elevation (m): 9
Hole Depth (m): 15.95

Orientation (°):

Grid: NZTM Datum: Ground Inclination (°): 90
oy 2
c c| ©
o o > ) .
22, o | 52|88 |55| s | TSR [ SPT Samples Backfill
g g9 Description » 25|28 |83 g (%) |N-value Py A
5|6 > 2 §|2a|3¢g| o (Uncorrected) In-situ Testing Installation
w °18~| &8 2308 |2s8%
‘-"':I_Q 24 Clayey organic TOPSOIL; dark brown. Soft; moist to wet; oL M-W 3 E
low plasticity. 0.50 SPTN=9
| Sandy gravelly S LT with some brick and organics (FILL); Depth: 0 50m 3 E
dark brown with red. Soft; wet; low plasticity; sand, fine; = 100 [——Type: Solid 60° cone =
— gravel, subrounded; fine. '! : 2,4/3,2,2,2 S I
. [=
:_ _ 450mm penetration ]
| - 1.50_: ) E
= 2,00 SPTN=4
a S = Depth: 2 00m 200
ML = 550 ] [——Type: Solid 60° cong
— " 4,3/1,1, 474 |
- _ 450mm py netraiion
3.00
= 350 SRT Nu=b
= | = Dep'h: 3 50m E
= = ==—Type: Solid 60° cone
. 400, 41,5/2,1,1,1 | :
T Silty fine SAND with trace organic material; light bluish SP L . 450mm penetration
: | grey. 'Loose'; wet; poorly graded; organics, fibrous material. 4.50 | :
| Sandy fine to coarse GRAVEL; dark greenish grey. Medium = 5.00 SPTN =34 K] E
dense to dense; wet; well graded; subangular to w Depth: 5 QOm g
subrounded; sand, fine to medium. - 5.50 = ——Type: Solid 60° cone
| =5 7.8/7,8,10,9 E
. _ 450mm penetration
GwW D 6.00
650 SPTN =29
| I Depth: 6 50m E
2 = [——Type: Solid 60° cone
. 2 = 57/8,7,8,6 E
A _ 450mm penetration
7.50
Fine to medium SAND; dark bluish grey. Medium dense; P MD
wet; poorly graded. S = 8.00 SPTN=0
SILT with minor clay; light bluish grey. Very soft; wet; low Depth: 8 00m 800
ici - = 3 ——Type: Solid 60° cone
plasticity. 8.50 3
— — 1,0/0,0,0,0 |
. _ 450mm penetration ]
. ML Vs  9.00_ é E
[
9.50 SPTN=0 m
El E- E| Depth: 9 50m
E E - [——Type: Solid 60° cone
E| Coral E 1000 3 1,0/0,0,0,0 E
E oreloss E = 450mm penetration 10.00 3
10.50
= 14.00 | SPT N =30
Fine to medium SAND with some siltfidark bldish grey. Deptr_1: 11.00m
Medium dense to dense; wet; poorly grded = 11,50 Type: Solid 60° cone
— — T BEE 0,1/2,8,10,10 =
- _ 450mm penetration
| MD-D : 1200 : ga_ =
<
12.50 SPTN =17 3
| = I~ Depth: 12 50m o E
= = ——Type: Solid 60° cone 5
= . 1300 = 2,2/4,4,4,5 g |
Medium to coarse, SAND; light yellowish brown. Dense; 450mm penetration >
; 3 ¥ £
- | wet; poorly graded: sp w : 13.50 : 3 | :
5
— - o
14.00 SPTN =31 £
| = Depth: 14 00m %] E
= = ——Type: Solid 60° cone
- D 1450 ¢ 3,2/5,6,9, 11 E
. _ 450mm penetration
15.00
= 15.50 SPT N =40
3 = Depth: 15 50m E
- = ——Type: Solid 60° cone
- 202t
EOH: 15.95m 450mm penetration
Driller Logger Remarks
Pro-Drill LW Coordinates and elevation are estimates only.
Drill Method / Rig
HQ3
Start Date Checked By
24/07/2012 LC Hole Depth
End Date 15.95m
Borehole logged in accordance with NZGS guideline "Field description of soil and rock" 2005
24/07/2012 Vane tests completed in accordance with NZGS guideline Page 10f3




METHOD OF SOIL DESCRIPTION
USED IN BOREHOLE AND TEST PIT REPORTS

FILL

GRAVEL (GP or GW)

SAND (SP or SW)

SILT (ML or MH)

CLAY (CL, Cl or CH)

ORGANIC SOILS (OL or OH or Pt)

COBBLES or BOULDERS

CLASSIFICATION AND INFERRED STRATIGRAPHY

Soil and Rock is classified and descr bed in Reports of Boreholes and Test Pits using the descriptions given in NZGS 2005 Field Description of Soil and
Rock. The material properties are assessed by visual/tactile methods.

PARTICLE SIZE — NZGS 2005

Major Division Sub Division Particle Size
BOULDERS 5200 mm
COBBLES 60,to 200 mm
Coarse 20 to 60 mm
GRAVEL Medium 6.0 to 20 mm
Fne 2.0t0 6.0 mm
Coarse 0.6t0 2.0 mm
SAND Medium 0.2t0 0.6 mm
Fine 0.06 t0 0.2 mm
SILT 0.002 to 0.006 mm
CLAY <0.002 mm
MOISTURE CONDITION — NZGS'2005
Symbol Term , “Description
D Dry Sands and gravels are free flowing. Clays and silts may be brittle or friable and powdery.
M Moist Soils are darker than in the dry condition and may feel cool. Sands and gravels tend to cohere.
w Wet Soils exude free water. Sands and gravels tend to cohere.
S Saturated Feels cool, darkened in colour and free water is present on the sample.

CONSISTENCY AND DENSITY — NZGS 2005

Symbol Term Undrained Shear Symbol Term Density | SPT "N" Value Dynamic Cone
Strength Index % | (blows/300 mm) | (blows/300 mm)
VS Very Soft <12 kPa VL Very Loose <15 <4 <2
S Soft 12 to 25 kPa L Loose 15t0 35 4t010 1t03
F Firm 25 to 50 kPa MD Medium Dense | 35 to 65 10 to 30 3to7
St Stiff 50 to 100 kPa D Dense 65 to 85 30 to 50 7t017
Vst Very Stiff 100 to 200 kPa VD Very Dense > 85 > 50 >17
H Hard > 200 kPa

In the absence of test results, consistency and density may be assessed from correlations with the observed behaviour of the material.

SPT “N-Values” are uncorrected.
No correlation is implied between Standard Penetration Test (SPT) and Dynamic Cone Penetrometer Test values.

GANZL Form No. 10 RLO
June 2012




EXPLANATION OF METHOD OF SOIL DESCRIPTION
USED IN BOREHOLE AND TEST PIT REPORTS

DRILLING/EXCAVATION METHOD

AS* Auger Screwing RD Rotary Blade or Drag Bit NQ Diamond Core — 47 mm

AD* Auger Drilling RT Rotary Tricone bit NMLC Diamond Core — 52 mm

*V V-Bit RAB  Rotary Air Blast HQ Diamond Core — 63 mm

*T TC-Bit, e.g. ADT RC Reverse Circulation HMLC Diamond Core — 63 mm

HA Hand Auger PT Push Tube BH Tractor Mounted Backhoe
ADH Hollow Auger CT Cable Tool Rig EX Tracked Hydraulic Excayator
DTC Diatube Coring NDD  Non-Destructive Digging EE Existing Excavation

WB Washbore or Bailer SON  Sonic Drilling HAND Excavated by Hand Methods
WATER

! Water level at date shown

GROUNDWATER NOT The observation of groundwater, whether present or not, was notypossible due to
OBSERVED drilling water, surface seepage or cave in of the borehole/testipit
GROUNDWATER NOT The borehole/test pit was dry soon after excavationgs However, groundwater
ENCOUNTERED could be present in less permeable strata. Inflow-may have been observed had

the borehole/test pit been left open for a londer period.

SAMPLING AND TESTING

SPT
23/34,44
N=15
30/60 mm
RwW

HW

HB

DS
BDS
G

W

FP
FV
PID
PM
PP
U50
WPT
DCP
CPT
CPTu

Standard Penetration Test to NZS4402 Test 6.5,1:1998

2,3/3,4,4,4 = Blows per 75 mm.

N = Blows per 300 mm penetration following 160 mm seating

Where practical refusal occurs, the blews and'penetration for that interval are reported
Penetration occurred under rod weight only

Penetration occurred under the hammerand rod weight only

Hammer double bouncing on anvil

Disturbed sample

Bulk disturbed sample

Gas sample

Water sample

Field permeability test over section noted

Field vane sheartest expressed as uncorrected shear strength s, = peak value, s, = residual value
Photoionisation Detector reading in ppm

Pressuremeter test over section noted

Pocket'penetrometer test expressed as instrument reading in kPa

Thin walled tube sample — number indicates nominal sample diameter in milimetres
Water pressure tests

Dynamic cone penetration test

Static cone penetration test

Static cone penetration test with pore pressure (u) measurement

SAMPLING AND TESTING

TCR

Length of core recovered

Total Core Recovery (%)

x 100

Length of core run

GANZL Form No. 10 RLO
June 2012




- Location:$ 9(2)(@) , Christchurch
- .’ Reference: GA_18599
Golder
Associates North (m):592)@
East (m):5 9(2)(a)
Elevation (m): 6
. Hole Depth (m): 16.45
Soil Borehole Log Orientation (°): -
Grid: NZTM Datum: MSL Inclination (°): 90
oy 2
c oS | 2>
2|2, o | 58|88 |5 % g | TCR [ SPT Samples Backfill
gl 8s Description 2 BT |85 |52| & (%) |N-value & &
5|0 E° 5| 2a|=g| o {Uncorrected) In-situ Testing Installation
v °18~| 8 P YEIEREE
] CONCRETE E 3¢
E SILT_V\_/ith trace _organics; dark brown. Wet to saturated; low W-s E 3 = 020
F plasticity; organics, rootlets. o 050 R g A
;_ Sandy SILT; light brown. Saturated; low plasticity; sand, ML S ;_ ’ _; 2 E
3 fine. o 7] 060 E
F SILT with trace sand; light brown. Wet; low plasticity. w E A SPTN=3 E
F F 100 3 Depth: 1 00m E
E Silty fine SAND; light brown. Very loose; moist; poorly E E Type: Raymond SplitiSpoon E
E graded. o 7 1,0/1,0,1,1 1
3 = = 450mm penetration E
3 Moo — E
- SM = sPTN =6 E
El E 200 3 Depty, 2 00m 13
E Becoming loose and saturated below 2.0 metres. o ] /Type: Raymond Split Spoon ]
E E ] 0/7,2,1,2 B
3 = = 450mm penetration E
| E 250 ] E
F Sandy fine to coarse GRAVEL; grey. Loose; saturated; well L F 3 ]
E graded; sand, fine to coarse; gravel, subrounded to ! = = 3
o rounded. GW o ] SPTN=14 E
E F 3.00 3 Depth: 3 00m 7
Fl F B = Type: Raymond Split Spoon B
E Fine to medium SAND; grey. Medium dense; saturated; E E 3,5/4,3,3,4
E poorly graded. = = 450mm penetration ]
: | E aso 3% E
E SP E 3 E
2 E g SPTN =26 E
o Fa4.00 3 Depth: 4 00m 7
E Sandy fine to coarse GRAVEL; grey. Medium dense; E E Type: Raymond Split Spoon E
E saturated; well graded; sand, fine to coarse. E = 5,7/7,7,6,6 3
E F B 450mm penetration E
E E 450 3 — E
- = SPTN =25 E
E W F 500 3 Depth: 5 00m E
Fl GW T ] Type: Raymond Split Spoon a B
o E ] 3,6/6,6,7,6 £ 7
3 = = 450mm penetration 3 E
o F 550 1 I = ]
3 S 5 E
3 E SPTN=24
E s F 6.00 ] HE Depth: 6 00m
E Fine to medium SAND; trace gravel, grey. Medium dense E 7 Type: Raymond Split Spoon E
E saturated; poorly graded; gravel, fine to medium"angular to F 1 3,6/56,7,6 3
E subrounded. SP o E 450mm penetration B
| 650 ] - E
E_ Sandy fine to coarse GRAVEL; grey sMediurmndense to E_ _E é
F dense; saturated; well graded; sand fine toycoarse. F E SPTN =232 E
o F 7.00 ] Depth: 7 00m E
El E E Type: Raymond Split Spoon E
o F 3 1,6/6,8,8,10 7
F = = 450mm penetration
Fl F 750 3+ E
3 = SPTN=23 E
o F 8.00 ] Depth: 8 00m 7
F E E I Type: Raymond Split Spoon E
E E ] 2,8/7,5,5,6 ]
E GW MD-D E 3 450mm penetration E
F | Foso 3 1 E
e E SPT N =29
o E 9.00 ] Depth: 9 00m
El S 1 Type: Raymond Split Spoon E
o o ] 5,10/8,8,7,6 ]
3 E E 450mm penetration E
4 Foso 3t L E
3 = SPTN=15 E
o E ] Depth: 10 00m ]
Driller Logger Remarks
Speight Drilling CJA Coordinates and elevation are estimates only.
Drill Method / Rig Water level reading taken at completion of drilling.
Hammer energy ratio Ce. 0.95
HQ3/CS1000 v
Start Date Checked By
01/08/2013 NAC Hole Depth
End Date 16.45m
Borehole logged in accordance with NZGS guideline "Field description of soil and rock" 2005
01/08/2013 Vane tests completed in accordance with NZGS guideline Page 1 of 2




- Location:$ 9(2)(@) , Christchurch
- , Reference: GA_18599
Golder -
Associates North (m):59(2)@
East (m):5 9(2)(a)
Elevation (m): 6
. Hole Depth (m): 16.45
Soil Borehole Log Orientation (°): -
Grid: NZTM Datum: MSL Inclination (°): 90
oy 2
c oS | 2>
CHE . o | 58|85 52| s | TSR | SPT Samples Backfill
gl g3 Description @ |85 |2c|52| & | (%) |Nvalue & &
506 ° |85|2a|3g| o (Uncorrected) In-situ Testing Installafion
= °187| § 5322|2889
o Becoming medium dense below 10 0 metres. o ] Type: Raymond Split Spoon 0.60 ]
3 E 3 6,6/5,5,3,2 4 E
E E E 450mm penetration .g’ E
= Gw MD £1050 3 B 3 =
- = SPTN=0 g E
F F 11.00 3 Depth: 11 00m 7
E SILT with trace fine gravel; grey. Very soft; saturated; low E E Type: Raymond Split:Spoon: 11.00 E
E plasticity. E E 1,0/0,0,0,0 3]
3 = = 450mm penetration E
E E 1150 3 E
3 vs S E
3 = sPTiN=% E
o E 12.00 ] Depty, 12/00m ]
Fl ML F B Type: Raymond Split Spoon B
F Sandy SILT; grey. Soft to firm; saturated; low plasticity F E / 0/0,0,3,2 E
3 = = 450mm penetration E
E E 1250 J E
3 SF = E
3 E SPTN=10 E
F 3.00 3 | ¢ Depth: 13 00m E
E i1 Fine SAND with minor silt; grey, Loose to medium dense; SE LMD E Type: Raymond Split Spoon g E
E | | | | | saturated; poorly graded. MH s S 1 2,1/2,2,2,4 3 3
F SILT minor fine sand; grey. Soft; saturated; low plasticity E 450mm penetration § E
= Silty fine SAND; grey. Loose to medium dense; saturated; 3'50—_ [ g H
o poorly graded. SM L-MD ] 3 7
F 3 SPTN =26 > E
o 4.00 7 Depth: 14 00m _g 7
E —HEHR SILT trace fine sand; grey, Very stiff; saturated; low — _— E Type: Raymond Split Spoon S E
E plasticity. E 1, (1) /6,7,8,5 e 3
F Fine to medium SAND; light brown. Medium dense; E 450mm penetration @ E
E saturated; poorly graded. il E 4-50__ = -
E E 3 SPTN =41 E
F F 15.00 3 Depth: 15 00m 13
E Becoming dense below 15 0 metres. E 7 Type: Raymond Split Spoon 3
o E ] 6,8/10,9, 11,11 7
3 SP = = 450mm penetration E
| F 1550 3 E
3 D E 3 E
E o E SPTN =45 E
o F 16.00 ] Depth: 16 00m 7
Fl F B Type: Raymond Split Spoon B
o E 7] 6,8/10,10, 11, 14 7
3 = = 450mm penetration E
EOH: 16.45 m
Driller Logger Remarks
Speight Drilling CJA Coordinates and elevation are estimates only.
Drill Method / Rig Water level reading taken at completion of drilling.
Hammer energy ratio Ce. 0.95
HQ3/CS1000 9y
Start Date Checked By
01/08/2013 NAC Hole Depth
End Date 16.45m
Borehole logged in accordance with NZGS guideline "Field description of soil and rock" 2005
01/08/2013 Vane tests completed in accordance with NZGS guideline Page 2 of 2




METHOD OF SOIL DESCRIPTION
USED IN BOREHOLE AND TEST PIT REPORTS

FILL

GRAVEL (GP or GW)

SAND (SP or SW)

SILT (ML or MH)

CLAY (CL, Cl or CH)

ORGANIC SOILS (OL or OH or Pt)

COBBLES or BOULDERS

CLASSIFICATION AND INFERRED STRATIGRAPHY

Soil and Rock is classified and descr bed in Reports of Boreholes and Test Pits using the descriptions given in NZGS 2005 Field Description of Soil and
Rock. The material properties are assessed by visual/tactile methods.

PARTICLE SIZE — NZGS 2005

Major Division Sub Division Particle Size
BOULDERS 5200 mm
COBBLES 60,to 200 mm
Coarse 20 to 60 mm
GRAVEL Medium 6.0 to 20 mm
Fne 2.0t0 6.0 mm
Coarse 0.6t0 2.0 mm
SAND Medium 0.2t0 0.6 mm
Fine 0.06 t0 0.2 mm
SILT 0.002 to 0.006 mm
CLAY <0.002 mm
MOISTURE CONDITION — NZGS'2005
Symbol Term , “Description
D Dry Sands and gravels are free flowing. Clays and silts may be brittle or friable and powdery.
M Moist Soils are darker than in the dry condition and may feel cool. Sands and gravels tend to cohere.
w Wet Soils exude free water. Sands and gravels tend to cohere.
S Saturated Feels cool, darkened in colour and free water is present on the sample.

CONSISTENCY AND DENSITY — NZGS 2005

Symbol Term Undrained Shear Symbol Term Density | SPT "N" Value Dynamic Cone
Strength Index % | (blows/300 mm) | (blows/300 mm)
VS Very Soft <12 kPa VL Very Loose <15 <4 <2
S Soft 12 to 25 kPa L Loose 15t0 35 4t010 1t03
F Firm 25 to 50 kPa MD Medium Dense | 35 to 65 10 to 30 3to7
St Stiff 50 to 100 kPa D Dense 65 to 85 30 to 50 7t017
Vst Very Stiff 100 to 200 kPa VD Very Dense > 85 > 50 >17
H Hard > 200 kPa

In the absence of test results, consistency and density may be assessed from correlations with the observed behaviour of the material.

SPT “N-Values” are uncorrected.
No correlation is implied between Standard Penetration Test (SPT) and Dynamic Cone Penetrometer Test values.

GANZL Form No. 10 RLO
June 2012




EXPLANATION OF METHOD OF SOIL DESCRIPTION
USED IN BOREHOLE AND TEST PIT REPORTS

DRILLING/EXCAVATION METHOD

AS* Auger Screwing RD Rotary Blade or Drag Bit NQ Diamond Core — 47 mm

AD* Auger Drilling RT Rotary Tricone bit NMLC Diamond Core — 52 mm

*V V-Bit RAB  Rotary Air Blast HQ Diamond Core — 63 mm

*T TC-Bit, e.g. ADT RC Reverse Circulation HMLC Diamond Core — 63 mm

HA Hand Auger PT Push Tube BH Tractor Mounted Backhoe
ADH Hollow Auger CT Cable Tool Rig EX Tracked Hydraulic Excayator
DTC Diatube Coring NDD  Non-Destructive Digging EE Existing Excavation

WB Washbore or Bailer SON  Sonic Drilling HAND Excavated by Hand Methods
WATER

! Water level at date shown

GROUNDWATER NOT The observation of groundwater, whether present or not, was notypossible due to
OBSERVED drilling water, surface seepage or cave in of the borehole/testipit
GROUNDWATER NOT The borehole/test pit was dry soon after excavationgs However, groundwater
ENCOUNTERED could be present in less permeable strata. Inflow-may have been observed had

the borehole/test pit been left open for a londer period.

SAMPLING AND TESTING

SPT
23/34,44
N=15
30/60 mm
RwW

HW

HB

DS
BDS
G

W

FP
FV
PID
PM
PP
U50
WPT
DCP
CPT
CPTu

Standard Penetration Test to NZS4402 Test 6.5,1:1998

2,3/3,4,4,4 = Blows per 75 mm.

N = Blows per 300 mm penetration following 160 mm seating

Where practical refusal occurs, the blews and'penetration for that interval are reported
Penetration occurred under rod weight only

Penetration occurred under the hammerand rod weight only

Hammer double bouncing on anvil

Disturbed sample

Bulk disturbed sample

Gas sample

Water sample

Field permeability test over section noted

Field vane sheartest expressed as uncorrected shear strength s, = peak value, s, = residual value
Photoionisation Detector reading in ppm

Pressuremeter test over section noted

Pocket'penetrometer test expressed as instrument reading in kPa

Thin walled tube sample — number indicates nominal sample diameter in milimetres
Water pressure tests

Dynamic cone penetration test

Static cone penetration test

Static cone penetration test with pore pressure (u) measurement

SAMPLING AND TESTING

TCR

Length of core recovered

Total Core Recovery (%)

x 100

Length of core run

GANZL Form No. 10 RLO
June 2012
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Boreho e ID. QE BH1
- - sheet: 10of 3
-
Engineering Log - Borehole o GENZCHRI15217QE
c ent: IAG Insurance date started: 16 Jul 2013
prncpa: - date competed: 16 Jul 2013
project:  IAG Insurance Claims ogged by: C. Harris
ocaton: 59(2)(@) , Christchurch checked by: D. Harris
position Not Specified surface elevation Not Specified angle from horizontal 90°
drill model Sonic Drill Rig mounting Track hole diameter 150 mm
drilling information material substance
5 o | & material description ~% | hand _sstruCure and
o3 ] samples & £ 8 § sie T§ | penetro- add tiona observations
ot z ieldtests | —~ £ Q =3 SOIL TYPE plasticity or particle characteristic 58 §§ meter S \
-g g 5 % 3 % & § £ colour secondary and minor components ‘g 3| 3 2 (kPa)
g3 o |8 g|S] & |55 g8 | 8% |=ggs
il e [ o] TS -
2 1 FILL: Sandy GRAVEL medium grained Wep ]
E Ll E ML sub-rounded to sub-angular grey sand is fine to M S | 71N g:§'m¥%EM¥%m E
[ 11 | medium brown AW ]
L1 Sandy SILT low plasticity pale brown sand is fine LT 1
11 1 to medium ol 11 ]
11 104 [ 111 _
1] [ i
1] SP | SAND fine to medium grained pale brown with ve | 1T i
1 1 minor silt N -
|11 SP 1 at 1 37-1 38m with fibrous material dark brown 111 i
I 1010 \ 30mm long R ]
11 4 ]
L1l N=3 3 LT .
[ 11 20 : [ =]
an L fine to medium graine ]
L T.°1 GP | Sandy GRAVEL i edium g mo | 111
L1 L. o sub-rounded to sub-angular darkgrey sand is fine LT H
[ e to medium brown [l —
11 Tl [111 ]
L 1 | SP | SAND fine to medium gramed brown grey with L1 ]
[ 11 5 30 trace of silt [l _
I i :
I11|2] 68 : IR ]
8 |11 |8 [_N=20 PR RN ]
& ¥ z cp [\at34-36" wih gravel fragments up to 50mm —
= 11 i dark b lar t la [ 11 i
® e Rt ark grey. sub-angular to angular R ]
& R ; Sandy GRAVEL medium to coarse grained L1 E
g subsraunded to sub-angular grey/dark grey sand is n
b L1 fing to'medium brown LI i
Y B Ll at 405m gravel becoming sub-rounded I ]
[ g S]] at4,2m gravel becoming fine to coarse with minor 111 1
£ 1] dark orange iron staining [ 1] ]
6 [ 11 67910 D [ 111 ]
b [ 11 12 10 [T .
& 1] Nedt [ ]
g [ 11 SAND fine to coarse grained dark grey [ 11 E
z [ [T ]
a 11 . ‘ [ 111 .
E L1 GW | Sandy GRAVEL fine to medium grained LET 1
L1l sub-rounded dark grey/grey sand is fine to coarse LT i
§ 1 SW | SAND fine to coarse grained grey LI 1
w | [ l B8P & 60 MD I [ l | .
g L1 3856 | RN ]
11 g [T 1
N=28 . .
! | LI at 6 45m re-drive run 100mm fine™]
1] [T
. to coarse sub-angular to E
8] H : N . : { { : sub-rounded gravel recovered E
g > & 70-] ]
] g1 [ 111 ]
2N | 1 RN y
&l [ - I ]
§ l } { 5 582 i 4. " | GW | Sandy GRAVEL fine to coarse grained D l } { { ]
99 b. "o sub-rounded to sub-angular dark grey with trace of i
L1 N=38 i quartz gravel sand is fine to coarse [ 111 ]
Ll e Ll
method support samples & field tests dmrﬁ::abonsymbol& y / relative d y
AD  auger drilling* M mud N nil Us# undisturbed sample ##mm diameter = y Vs verysot
AS  auger screwing® C casing D disturbed sample basedon Unijed s sot
RR roller/tricone penetrati B bulk disturbed sample Classi ication System E m
W washbore E environmental sample St sti
C  cable tool HP hand penetrometer (kPa) moisture Vst very sti
HA hand auger ; N standard penetration test (SP ) D dry H hard
D diatube waker N SP - sample recovered o moist Fb riable
B blankbit 10-Oct-12 water Nc SP  with solid cone s gtu ted VL very loose
V. Vbit —|level on date shown Vs vane shearpeak/remouded i L loose
. JChe ) P— | water inflow (uncorrected kPa) MD medium dense
bit shown by su ix | water outh R re usal D dense
eg AD/ VD very dense




coffey ?

CDF 4 9"04AS GLB Log COF BOREHOLE: NON CORED BH GINT.GPJ <<DrawingFile>> 19/08/2013 14:26

Boreho e ID. QE BH1
a - sheet: 2 of 3
-
Engineering Log - Borehole o GENZCHRI15217QE
c ent: IAG Insurance date started: 16 Jul 2013
prncpa: - date competed: 16 Jul 2013
project:  IAG Insurance Claims ogged by: C. Harris
ocaton: S9(2)(a) , Christchurch checked by: D. Harris
position Not Specified surface elevation Not Specified angle from horizontal 90°
drill model Sonic Drill Rig mounting Track hole diameter 150 mm
drilling information material substance
5 o | & material description ~% | hand Strucwre and
o3 ] samples & £ 8 § _— T§ | penetro- add tiona, observations
- s ieldtests [ ~ = Q =3 SOIL TYPE plasticity or particle characteristic 58 §§ meter
% 8 & % E % & § £ colour secondary and minor components ‘g‘ k-] »33 (kPa)
g3 S. 2 g| S| & |33 e8| 8% |s 238
: { { M D : { { : SPRINGSTON FORMATION -
[ 11 A | 47N ]
[ 11 ] AN ]
[ 11 N T ]
: { { i 22 ° | GW | GRAVEL fine to coarse grained rounded to : { { : ]
SP 90— o sub-rounded grey/dark grey .
11 99119 1- [ ]
[ 11 99 P o® [0 1
[ N=38 T o Il 7
[ 11 1%, [ 111 E
11 i IS [0 ]
11 P © [l g
[ 11 100 ° o [ =]
[ 11 {- at 10 1m with cobbles dark grey sub®gunided to [ 111 E
| 1] P2 rounded 60mm |11 ]
111 722, at 10 2m cobbles absent R .
I 121 13 v MO, [T T ]
842 4
: : : N=27 | SP | SAND fine to medium grained, blue grey with : : : : E
01 110 trace of silt X il ]
[ 11 T [ 111 ]
[ 11 . [0 h
11 3 [ 11 i
[ 11 ] [ 111 :
§ 1] [T ]
= [N SP 120 [ 111 ]
Sl 2322 ! Lolinn i
[ 11 [ 111 ]
N=6 . .
[ 11 o — - [ 111 2]
I g , ML “fwSandy SILT low plasticity grey sand is fine VSt (] g
11 . [l 1
1] [ ]
13 0% =1
[ 11 } [0 E
[ q Il ]
[ 11 . [ 111 .
L SP 4" | SW | SAND fine to coarse grained dark grey with trace o |l :
11 2578 e of sit LET ]
10 9 - : H
L1 N34 at 13 8m silt absent becoming brown LI 1
[ 1] 140 [ 1] =
[ 11 1 [ 11 ]
11 | [T 1
[ 11 [ 111 i}
1] : 111 ]
Fip! . [l ]
g ( [ 111 i
I | [T o | 1111 .
¥l 6 12 . [0 ]
11 N=24 . [ 11 -
[ 11 i [ 111 =]
1] [T .
[ 11 ] [ 111 ]
L !
method support samples & field tests clas::n::aﬁon?yﬁlzol& y / relative d y
AD  auger drilling* M mud N nil Us# undisturbed sample ##mm diameter D Vs verysot
AS  auger screwing® C casing D disturbed sample basedon Unijed S sot
RR  roller/tricone B bulk disturbed sample Classi ication System F irm
W washbore E environmental sample St sti
C  cable tool HP hand penetrometer (kPa) moisture Vst very sti
HA hand auger N standard penetration test (SP ) D dry H hard
D diatube Srater N* SP - sample recovered M moist Fb riable
B blankbit 10-Oct-12 water Nc SP  with solid cone ‘év we‘:‘ ted VL very loose
V. Vbit —|level on date shown Vs vane shearpeak/remouded S L loose
C bit P— | water infiow (uncorrected kPa) MD medium dense
bit shown by su ix R re usal D dense
eg AD/ —| water outfiow VD very dense




coffey ?

CDF 4 9"04AS GLB Log COF BOREHOLE: NON CORED BH GINT.GPJ <<DrawingFile>> 19/08/2013 14:26

Boreho e ID. QE BH1
i - sheet: 3of 3
-
Engineering Log - Borehole o GENZCHRI15217QE
c ent: IAG Insurance date started: 16 Jul 2013
prncpa: - date competed: 16 Jul 2013
project:  IAG Insurance Claims ogged by: C. Harris
ocaton: S9(2)(a) Christchurch checked by: D. Harris
position Not Specified surface elevation Not Specified angle from horizontal 90°
drill model Sonic Drill Rig mounting Track hole diameter 150 mm
drilling information material substance
5 o | & material description ~% | hand sStruciure and
o3 ] samples & £ 8 § _— T§ | penetro- add tiona, observations
ot z ieldtests | ~ = Q =2 SOIL TYPE plasticity or particle characteristic 58 §§ meter :
% g 5 % 3 % & § £ colour secondary and minor components ‘g 3| 3 2 (kPa)
g3 o |8 g| S| & |33 g8 | 8% |=ggs
Fr -] SsW | SAND fine to coarse grained dark grey with trace M | Mp | T T SPRINGSTON FORMATION i
[ 11 & of silt (continued) I 114 i
[ 11 A | 47N ]
[ 11 SP ] AN ]
1] 2022 LT ]
[ 11 1 lol 11 ]
=17 1 i
R N2t — RN %
11 2 [ 11 ]
Ll ", > ] GP | sandy GRAVEL fine to medium grained N ]
|11 W \sub-nounded pale yellow brown sand is fine to ﬁ (NN ]
[ 11 i coarse [ 111 .
Il ] SAND fine to coarse grained brown [ 111 ]
o) 11 at 17 8m becoming grey brown [l g
2ol 5P 180" == 11l I ]
11 6150898 4 [ 111 :
L1 N=35 +7.° ] GP | sandy GRAVEL medium grainet dark gréy sand LI ]
L1 e \is fine to coarse -~ [l —
I 1 L2 : VL (11 I ]
SILT high plasticity blue grey' with'trace of 1
(11 7 rootlets 9| [ ]
1] 190 L1 .
[ 11 i [ 111 ]
[ 11 [ 111 ]
[ 11 1 ’ [0 N
L1 2 1sp2 1 E at 19 5m with tr ce fine of sand becoming medium LT E
[ 11 3 | plasticity ] [ 111 i
11 N=8 [0 ]
1 1266 - [ 111
I | Bo eliolé QE BH1 terminated at 20 0 m R ]
Targetdepth
[ 11 ] [ 111 i
[ 11 [ 111 2]
[ 11 § [l ]
11 . [l -
11 [ 11 i
21 0% o]
[ 11 ? [0 -
[ q Il ]
[ 11 4 [ 111 E
11 i [0 ]
11 [l .
[ 11 ) [ ]
11 220 [ 111 =]
[ 11 ] [ 11 ]
11 i [T ]
[ 11 [ 111 i}
1] : 111 ]
Fip! i [N ]
g ( [ 111 :
T4 =9 111 .
¥l 7 [0 i
11 . [ 11 i
[ 11 ] [ 111 =]
11 [0 .
[ 11 7 [ 111 i
L] L1 1|
method support samples & field tests classif.i::aﬁon.sy!nbol& y / relative d y
AD  auger drilling* M mud N nil Us# undisturbed sample ##mm diameter = D Vs verysot
AS  auger screwing® C casing D disturbed sample basedon Unijed s sot
RR roller/tricone B bulk disturbed sample Classi ication System £ m
W washbore E environmental sample St sti
C  cable tool HP hand penetrometer (kPa) moisture Vst very sti
HA hand auger N standard penetration test (SP ) D dry H hard
g g:“:(b:,t N SP - sample recovered \hfdv mﬁ‘ Fb riable
N 1l 0 H
4 0-Oct-12 Nc SP  with solid cone VL very loose
V. Vbit — I‘avelondﬂw::‘m Vs vane shearpeak/remouded S saturated L loose
C bit ) P— | water inflow (uncorrected kPa) MD medium dense
bit shown by su ix R re usal D dense
eg AD/ —| water outfiow VD very dense




coffey

Borehoe ID. AQE-BH1

E i - L B h I sheet: 10f 3
-
ngineering Log - borenoie o GENZCHRI15217AQE
cent  IAG Insurance date started: 11 Apr 2014
prncpa: = date competed: 11 Apr 2014
project:  IAG Insurance Claims ogged by: C. Harris
ocaton: S9(2)(a) , Christchurch checked by: H. Toi
position Not Specified surface elevation Not Specified angle from horizontal 90°
drill model Comacchio MC300 Track mounted casing diameter 150 mm
drilling information material substance
5 o | & material description ~% | hand _sstruCure and
o3 ] samples & £ 8 § sie T§ | penetro- add tiona observations
ot z ieldtests | —~ £ Q £3 SOIL TYPE plasticity or particle characteristic 58 §§ meter S \
% &l § % E % & 2 colour secondary and minor components 3 8 2 (kPa)
g3 o |8 g|S] & |55 g8 | 8% |sgss
I GW | \ASPHALT 20mm thick M P NRAVEMENT 1
L 1 FILL: Sandy GRAVEL fine to coarse grained L1 :I‘,FILL i
Ll E ML |\rounded to sub-rounded dark grey-brown sand is | 1N E
[ 11 | fine to coarse grained with some silt :'! | | ]
L1 o FILL: SILT low liquid limi ith mi RN T .
e M : low liquid limit dark brown with minor PRINGSTON FORMATI
[ & 1 | S \ﬁneto medium grained sub-rounded gravel with A NP (S o o ]
I 104" ] sp [|trace rootiets [T =
[ 11 N e Silty SAND fine to medium grained pale [ 11 ]
|11 s ellow-brown silt is low liquid limit 111 ]
[ - 1 - SAND fine to medium grained pale yellow-brown N Il ]
|11 o T with trace silt W 1111 ]
N t30A | IR at15m becoming grey-brown > s RN .
11 N*=3 o [T g
[ 11 20 [ =]
[ 1] - [ 1] .
& [ 11 i [ 11 ]
2 LT at 2 4m with minor silt = A (N -
N 1|8 T-L{ SM | Siity SAND fine to medium glaisi€). grey g RN )
g : { { : B e SP SAND fine to medium grainéd grey with minor : { { : ]
R O S —s 301 sik ¢\ ) MD || ]]] 7
A T 14586 ] \ |
4 [ 11 78 : ! [ 111 ]
2 |11 N*=29 Sandy GRAVEL fine "o coarse grained rounded 111 g
H R to sub-angular ‘darkebrown-dark grey sand is fine to RN =
s coarse gained ]
v [ 11 “~ S [111 _
=
ol 111 11 ]
b g1l RN 2
§ e I RN -
T 11 [ 111 ]
g [ 11 —— [0 =]
] 11 2123 [T ]
z L1 33 LEL !
4 Il b4 L1 ]
2 [ 11 [ 11 E
8 [ [T ]
o [ 11 [ 111 h
E 11 [0 i
11 [T :
g 1] RN ]
4 Il - 1] -
3 L1 8 &8 8" L1 ]
B[ . 1 i
I N'=30 at 6 3m becoming dark grey R ]
8 1114 L1 ]
8] 11 N, [l ]
g g ¥) [ 111 ]
; 1 [ 111 ]
BN | RN ;
&l [ ) [ 11 i
|11 S — ] N at 7 4m single root up to 40mm fresh 1111 =]
§ N 8646 R orange-brown [ ]
1] 0:8 1o RN 1
i Nc=24 | SR Ll ]
classification symbol & PP
method support samples & field tests . X y/ Y
AD  auger drilling* M mud N nil B bulk disturbed sample sod ¥ Vs verysot
AS auger screwing” C casing D disturbed sample ba?‘?“."“"‘ tod S sot
\’:IR roile;/:;:ne penetration E environmental sample Classi ication System E im
was it t ti
C  cable tool o resistance Sui# 33&5&?32?’"”? #émm di i \S/s: 3ery sti
HA hand auger : 1_|_ rengingto HP hand penetrometer (kPa) D dry H hard
D diatube Srater N standard penetration test (SP ) M moist Fb riable
B blankbit 10-Oct-12 water N* SP - sample recovered ‘év wet:‘ tod VL very loose
V. Vbit = | level on date shown Nc SP  with solid cone s L loose
X bfgzywn — P— | water infiow \'_‘(S vane slhear peak/remouded (kPa) BAD ;nedium dense
‘ i re usa iense
eg AD/ borab HB hammer bouncing VD very dense
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coffey

Borehoe ID. AQE-BH1

” - sheet: 2 of 3
-
Engineering Log - Borehole o GENZCHRI15217AQE
c ent: IAG Insurance date started: 11 Apr 2014
prncpa: = date competed: 11 Apr 2014
project:  IAG Insurance Claims ogged by: C. Harris
ocaton: S9(2)(a) Christchurch checked by: H. Toi
position Not Specified surface elevation Not Specified angle from horizontal 90°
drill model Comacchio MC900 Track mounted casing diameter 150 mm
drilling information material substance
5 5 material description ~% | hand _sstruciure and
o3 ] samples & = 3 § _— T§ | penetro- add tiona, observations
TE 5 ieldtests | — | € £ =3 SOIL TYPE plasticity or particle characteristic £8 §§ meter : \
% & 5 % 3 % & § £ colour secondary and minor components ‘g 3| §2 (kPa)
g3 o |8 g | 3 3,‘ 58 g8 | 8% |sgss i
Fr *-] GP | Sandy GRAVEL fine to coarse grained rounded s | mp [T 1] SPRINGSTON FORMATION i
[ 11 o to sub-angular dark brown-dark grey sand is fine to R § 1
|11 B LR coarse grained (continued) | 47N ]
[ 11 | TR AN ]
[ 11 P N T ]
[ 11 _BIOISII [l 1 ]
[ —— 90-f .J° | oM | silty GRAVEL fine to medium grained Ll o]
1] 1223 1 sub-rounded to sub-angular grey silt is medium to [ ]
[ 11 52 ° high liquid limit [ 1] ]
R Nc=12 —_— : (NN i
MH | SILT high liquid limit grey with minor clay w VS —
[ 11 . : [ 111 -
11 i [0 ]
11 [T .
[ 11 100 [ =
[ 1] - [ 1] .
[ 11 ] [ 11 ]
11 S i ) [T =]
11 0000 [ 111 ]
01 - |
1] L8 [ 111 1
1] 110 [T 4
[ 11 i [ 111 ]
[ 11 [ 111 ]
[ 11 1 [0 N
11 ] [ 11 ]
[ 11 : y [ 111 i
: 2 : { { 56 SM | Silty, SAND fine to medium grained dark grey L-MD : { { ! .
e 1 0 =
g [ 11 2 %%2 . RN i
[ 11 [ 111 i
N*=10 e B
[ 11 [ 111 2]
[ 11 § i - [l ]
11 . WML | SILT low to medium liquid limit grey with trace st [ 1111 i
| 1] 130 [ fine grained sand [ 111 ]
111 p. . at 12 9m with trace shell fragments (up to 5mm) 111 ]
[ 1 Il ]
[ 11 4 [ 111 E
=51 . = at 13 4m grading to low liquid limit with some fine —
:H 34SP44 1. SP \grainedsand [ MD HH ]
111 NS ;1 : b s SAND fine to medium grained grey with some RN .
R silt ]
I { { : 140+ -~ at 13 8m grading to fine to coarse grained I { { I ]
1 l I | ML | sandy SILT low liquid limit grey sand is fine S ]
11 i h [T 1
I BRI /| Mooy :
[ i SAND fine to coarse grained pale yellow-brown RN ]
- with trace silt i
Fip! i [l ]
g ( vl [ 111 ]
41l .1 [C°1 : : NN N
2491 JEE at 15 0m single coarse grained sub-rounded E
4 12 12 gravel L1 ]
11 Nc=44 400 [ 11 i
[ 11 [ 111 =]
4 w ]
1] [T .
[ 11 7 [ 111 i
L] L1 1|
classification symbol & PP
method support samples & field tests . X y/ Y
:[S) auger driling” M mud N nil B bulk disturbed sample l:::edonulni iod 'S verysot
auger screwing C casing D disturbed sample FrE S sot
RR roller/tricone E environmental sample Classi ication System £ m
é’ wa;:bore ss split spoon sample - St sti
cable tool U##  undisturbed sample ##mm di VSt very sti
HA hand auger HP hand penetrometer (kPa) D dry H hard
D diatube N standard penetration test (SP ) \hfdv m°t'3‘ Fb riable
3 \‘;l?a?tkb“ 10-Oct-12 water N* SP - sample recovered s gturate d VL very loose
. = |level on date shown Nc SP  with solid cone L loose
X bfggwnb o i P— | water inflow Vs vane shear peakiremouded (kPa) MD medium dense
AGT y o vater out R re usal ) D dense
g HB hammer bouncing VD very dense
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Borehoe ID. AQE-BH1

E i - L B h I sheet: 3 of 3
-
ngineering Log - borenoie o GENZCHRI15217AQE
c ent: IAG Insurance date started: 11 Apr 2014
prncpa: = date competed: 11 Apr 2014
project:  IAG Insurance Claims ogged by: C. Harris
ocaton: S9(2)(a) Christchurch checked by: H. Toi
position Not Specified surface elevation Not Specified angle from horizontal 90°
drill model Comacchio MC900 Track mounted casing diameter 150 mm
drilling information material substance
s s |8 material description ~% | hand sstruciure and
o3 ] samples & £ 8 § _— T§ | penetro- add tiona, observations
TE 5 ieldtests | ~ | £ £ =3 SOIL TYPE plasticity or particle characteristic £8 §§ meter \
% & 5 % 3 % & 2 colour secondary and minor components ‘g 3| §2 (kPa)
g3 o |8 g| S| & |33 g8 | 8% |sgss
Fr .| SP | SAND fine to coarse grained pale yellow-brown w [MD-D| I'T T 1 {SPRINGSTON FORMATION i
[ 11 i o with trace silt (continued) I 114 i
[ 11 i | 47N i
[ 11 SP AN ]
Il 5787 O% N\ T ]
11 A G 15 lol 11 i
R N'=33 — RN %
L 4 at 17 1m with trace pockets of Clayey S LT (up to LI .
11 10mm) [ 111 i
[ 1 Il ]
ol Il . [ 111 .
8 § N | i ; 1] ;
sl 180—. at 17 85m becoming blue-grey with minopsilt trace LEE ]
L1 s organics (decomposed fibrous material up to 2mm LT i
[ 11 i in thickness) T [ 111 :
L1 i SILT low to medium liquid limit Blue-grey ‘with . RN ]
11 —sp—1 | trace fine grained sand with trace drganics [T =]
|11 0000 (decomposed fibrous material’ up'to 4mm in |11 ]
[ 01 ] thickness) \ [ 111 ]
11 e igod RN ]
[ 11 i [ 111 ]
[ 11 \ w [ 111 ]
: { : — s 7] sM | silty SAND fine,gréined blue-grey MD : { : : -
E 2222 1 ]
g [ 11 2% | [ 111 i
¥ 11 N*=11 ol [0 -
[N 2007 Bo/ehole AQE-BH1 terminated at 19 95 m N o
[ 11 . Target depth RN i
[ 11 ] [ 111 ]
[ 11 [ 111 ]
11 1 [ 11 ]
11 . [T i
11 [ 11 '
21 0% -
11 } [ 111 E
[ ] Il ]
[ 11 - [ 111 E
11 i [0 ]
11 [T E
[ 11 ) [ ]
11 220 [ 111 =]
[ 11 ] [ 11 ]
11 i [T ]
[ 11 [ 111 2]
1] 1 [ 11 ]
Fip! i [ 11 ]
g ( [ 111 :
T4 =9 111 .
¥l b [0 ]
11 . [ 11 -
[ 11 ] [ 111 =
11 [0 .
11 1 [ 111 ]
L] L1 1|
classification symbol & PP
method support samples & field tests e R y/ Y
AD  auger drilling* M mud N nil B bulk disturbed sample sod P Vs verysot
AS  auger screwing® C casing D disturbed sample basedon Unijed s sot
RR roller/tricone E environmental sample Classi ication System £ m
W washbore ss split spoon sample St sti
C  cable tool U##  undisturbed sample ##mm di i Vst very sti
HA hand auger HP hand penetrometer (kPa) D dry H hard
D diatube Srater N standard penetration test (SP ) o moist Fb riable
B blank bit 10-Oct-12 water N* SP - sample recovered s wem tod VL very loose
V. Vbit = | level on date shown Nc SP  with solid cone kot L loose
C bit ) P— | water inflow 'S vane shear peak/remouded (kPa) MD medium dense
bit shown by su ix - gl war cuiow R re usal D dense
eg AD/ HB hammer bouncing VD very dense




+.19-D 02771 Location:$ 9(2)(@) Christchurch
; Reference: GA_RO_4546
Golder
Assoclates North (m): 5177285.2
East (m): 1572622.4
Elevation (m): 0.0
. Hole Depth (m): 7.20
Soil Borehole Log Orientation (°): -
Grid: NZTM Datum: MSL Inclination (°): 90
oy 2
c c o
s |.e e c2 2 :
S |£o o o é :g eS|l 55| s TER SPT Samples Backfill
£l &3 Description 17} 2% | Dc |82 o (%) |N-value &
516 ° |85|2a|3g| o (uncorrected In-situ Testing Installation
i °187| § 5322|2889
r Fine GRAVEL F LL with minor sand, grey, dry o ] ]
r Fine SAND with minor silt, dark brown, dry, brick fragments r ] ]
- at 0.4 m, becoming clayey from 1.4 m -~ - =
| E oso ] E
| ALE E
3 ALE E
:— Sandy SILT with minor clay, brown, soft to locally firm, :— —: E
- moist, moderate plasticity, trace of rootlets between 1.7 m - b E
L and 2 m becoming wet at 2.5 m F 200 ] ]
| EEE E
| SUE E
E —.—+.o Clayey silty SAND, brown with orange mottle, saturated, E E E
[ dilatant [ 350 4 1
r Sandy SILT with minor clay, brown, soft to locally firm, wet, r ] 1
F moderate plasticity, r ] b
3 FLE E
:— Sandy SILT with minor clay, grey, soft to locally firm, wet; :— —: E
. high plasticity E ] b
F ! I 450 4 =
E 1| -1*| Silty fine SAND, grey, saturated, dilatant E E E
r Sandy SILT with minor clay, grey, soft to lgcall» firm, wet, - ] 7
E high plasticity o ] ]
- [ 5007 -
E Silty fine SAND, grey becoming brown from 5.4 m, E E E
F saturated, dilatant [ 550 o ]
N Silty sandy fine to medium GRAVEL with minor clay, grey o ] ]
F and brown, wet F 1 b
r Silty fine to medium SAND, grey, saturated, becoming - ] 7]
F coarser from 6.2'm F 1 b
E I 6.00 4 1
3 ILE E
:— Fine to medium GRAVEL with some medium to coarse :— —: E
F sand and trace silt, grey, saturated, gravel supported r ] b
r [ 700 7 -
EOH: 7.2 m
Driller Logger Remarks
Brown Brothers MF Groundwater was measured at 4.50 m (bgl) following completion of the borehole.
Drill Method / Rig
Geoprobe 6620DT
Start Date Checked By
28/09/2011 NULL Hole Depth
End Date 7.20m
Borehole logged in accordance with NZGS guideline "Field description of soil and rock" 2005
28/09/2011 Vane tests completed in accordance with NZGS guideline Page 1 of 3




19-D 02771

METHOD OF SOIL DESCRIPTION
USED IN BOREHOLE AND TEST PIT REPORTS

FILL

GRAVEL (GP or GW)

SAND (SP or SW)

SILT (ML or MH)

CLAY (CL, Cl or CH)

ORGANIC SOILS (OL or OH or Pt)

COBBLES or BOULDERS

CLASSIFICATION AND INFERRED STRATIGRAPHY

Soil and Rock is classified and descr bed in Reports of Boreholes and Test Pits using the descriptions given in NZGS 2005 Field Description of Soil and

Rock. The material properties are assessed by visual/tactile methods.

PARTICLE SIZE — NZGS 2005

Major Division Sub Division Particle Size
BOULDERS 5200 mm
COBBLES 60,to 200 mm
Coarse 20 to 60 mm
GRAVEL Medium 6.0 to 20 mm
Fne 2.0t0 6.0 mm
Coarse 0.6t0 2.0 mm
SAND Medium 0.2t0 0.6 mm
Fine 0.06 t0 0.2 mm
SILT 0.002 to 0.006 mm
CLAY <0.002 mm
MOISTURE CONDITION — NZGS'2005
Symbol Term , “Description
D Dry Sands and gravels are free flowing. Clays and silts may be brittle or friable and powdery.
M Moist Soils are darker than in the dry condition and may feel cool. Sands and gravels tend to cohere.
w Wet Soils exude free water. Sands and gravels tend to cohere.
S Saturated Feels cool, darkened in colour and free water is present on the sample.

CONSISTENCY AND DENSITY — NZGS 2005

In the absence of test results, consistency and density may be assessed from correlations with the observed behaviour of the material.

SPT “N-Values” are uncorrected.
No correlation is implied between Standard Penetration Test (SPT) and Dynamic Cone Penetrometer Test values.

Symbol Term Undrained Shear Symbol Term Density | SPT "N" Value Dynamic Cone
Strength Index % | (blows/300 mm) | (blows/300 mm)
VS Very Soft <12 kPa VL Very Loose <15 <4 <2
S Soft 12 to 25 kPa L Loose 15t0 35 4t010 1t03
F Firm 25 to 50 kPa MD Medium Dense | 35 to 65 10 to 30 3to7
St Stiff 50 to 100 kPa D Dense 65 to 85 30 to 50 7t017
Vst Very Stiff 100 to 200 kPa VD Very Dense > 85 > 50 >17
H Hard > 200 kPa

GANZL Form No. 10 RLO
June 2012



19-D 02771

EXPLANATION OF METHOD OF SOIL DESCRIPTION
USED IN BOREHOLE AND TEST PIT REPORTS

DRILLING/EXCAVATION METHOD

AS* Auger Screwing RD Rotary Blade or Drag Bit NQ Diamond Core — 47 mm

AD* Auger Drilling RT Rotary Tricone bit NMLC Diamond Core — 52 mm

*V V-Bit RAB  Rotary Air Blast HQ Diamond Core — 63 mm

*T TC-Bit, e.g. ADT RC Reverse Circulation HMLC Diamond Core — 63 mm

HA Hand Auger PT Push Tube BH Tractor Mounted Backhoe
ADH Hollow Auger CT Cable Tool Rig EX Tracked Hydraulic Excayator
DTC Diatube Coring NDD  Non-Destructive Digging EE Existing Excavation

WB Washbore or Bailer SON  Sonic Drilling HAND Excavated by Hand Methods
WATER

! Water level at date shown

GROUNDWATER NOT The observation of groundwater, whether present or not, was notypossible due to
OBSERVED drilling water, surface seepage or cave in of the borehole/testipit
GROUNDWATER NOT The borehole/test pit was dry soon after excavationgs However, groundwater
ENCOUNTERED could be present in less permeable strata. Inflow-may have been observed had

the borehole/test pit been left open for a londer period.

SAMPLING AND TESTING

SPT
23/34,44
N=15
30/60 mm
RwW

HW

HB

DS
BDS
G

W

FP
FV
PID
PM
PP
U50
WPT
DCP
CPT
CPTu

Standard Penetration Test to NZS4402 Test 6.5,1:1998

2,3/3,4,4,4 = Blows per 75 mm.

N = Blows per 300 mm penetration following 160 mm seating

Where practical refusal occurs, the blews and'penetration for that interval are reported
Penetration occurred under rod weight only

Penetration occurred under the hammerand rod weight only

Hammer double bouncing on anvil

Disturbed sample

Bulk disturbed sample

Gas sample

Water sample

Field permeability test over section noted

Field vane sheartest expressed as uncorrected shear strength s, = peak value, s, = residual value
Photoionisation Detector reading in ppm

Pressuremeter test over section noted

Pocket'penetrometer test expressed as instrument reading in kPa

Thin walled tube sample — number indicates nominal sample diameter in milimetres
Water pressure tests

Dynamic cone penetration test

Static cone penetration test

Static cone penetration test with pore pressure (u) measurement

SAMPLING AND TESTING

TCR

Length of core recovered

Total Core Recovery (%)

x 100

Length of core run

GANZL Form No. 10 RLO

June 2012
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coffe y'> geotechnics
Boreho e ID. BH 1
” - sheet: 10of 3
-
Engineering Log - Borehole o GENZCHRI15217EV
c ent: IAG Insurance date started: 01 Feb 2013
prncpa: D. Sullivan date competed: 071 Feb 2013
project:  IAG Insurance Claim ogged by: J. Byron-Joyce
ocaton: S9(2)(@) Christchurch checked by: F. Haryono |
position Not Specified surface elevation Not Specified angle from horizontal 90°
drill model Sonic Drill Rig mounting Track hole diameter 100 mm
drilling information material substance
s o | & material description ~% | hand _sstrucure and
o3 ] samples & £ 8 § _— 5 | penetro- add tiona observations
153 — ® ieldtests | —~ £ Q = E SOIL TYPE plasticity or particle characteristic 58 §§ meter S \
% & 5 % 3 % & § £ colour secondary and minor components ‘g 3| §2 (kPa)
g3 o |8 AN ERELD £8| 8% |g2sp
P OL | TOPSOIL dark brown S LT with some sand and M T -
[ 11 organics (Fill) I 114 i
L1 11| sM | SILTY SAND fine dark brown with minor w | 7N ]
[ 11 | \organics and trace gravel (Fill) /1 AN ]
L1 SILTY SAND brown-green-orange with gravel LT 1
L1 i (Fill) Nl ] |
11 14 [ _
11 | [ 11 ) ) i
111 | ||| |at12m deleterious material ]
I 2 R (brick rubble wire and glass) i
|1 SP R present until 2 2m —
W i 11 ]
00 - 4
11 N=1 [T g
[ 11 2] [ =]
[ ]| . ’ [ 111 .
1l e ML | SILT low liquid limit grey-brown, with mifigr ‘ine S VS [ E
e 8 1 sand (Fill) 1
: i -
[ 11 ] ]
|11 - RN at 2 8m deleterious material ]
Ll RN (wire and metal fragments) i
No SP 37 until 3 6m —]
L undertaken ] LT SPT sunk under own weight (No ]
[ 11 ['1'1'l|Recovery) ]
[ 11 . [0 i
11 [ 11 &
I "o GP |\ENDOFFLL] /TW VD ||]]] ]
1] Fooe Sandy GRAVEL fine to coarse poorly graded [ 1] ]
111 sub’f@»nded to sub-angular grey sand - fine to 111 —
Il na¥ny RN ]
I a4 0mi’ becoming pale brown T ]
[ 11 —— [0 -
Ll 10 11 13 FETd ]
[ 11 é/ss 16 [T -
11 et [ 11 i
N=R o}
[ 11 \—/ Sandy GRAVEL fine to coarse well graded (NN E
111 sub-rounded to sub-angular pale brown sand - fine R 1
I to coarse 1] ]
11 729 [0 ]
11 it [T :
4 11 )
11 (i R =
[ 42':’89 i at6 Om becoming grey D I { { I .
1 2 8 | 1] ]
i 1 1 o
[ 1% a9 [ 111 ]
iy 0. [N ]
LI, [ 111 N
1 I e [ 111 ]
¥l (o [0 ]
11 SEAK [ 11 i
[ 11 SP 103 [ 111 =]
1 36910 P, 2y [0 .
1] 10,13 i RN i
5 N=42 W WOOD red-brown lense of decomposed wood 151 E
method - support ) samples & field tests classs::ubons y!nbol& y / relative d Y
AD  auger driling ., M mud N nil Us# undisturbed sample ##mm diameter based UInA od Vs verysot
AS auger screwing C casing D disturbed sample ey S sot
RR roller/tricone penetrati B bulk disturbed sample Classi ication System £ m
W washbore E environmental sample St sti
C  cable tool HP hand penetrometer (kPa) moisture Vst very sti
HA hand auger N standard penetration test (SP ) D dry H hard
D diatube N SP - sample recovered \hfdv moist Fb riable
B blankbit 10-Oct-12 water Nc SP  with solid cone s g‘:‘ ted VL very loose
V. Vbit —|level on date shown Vs vane shearpeak/remouded i L loose
X bfggwnb o i P— | water inflow (uncorrected kPa) MD medium dense
eg AD/ Y o vater outtiow R re usal D dense
VD vezdense
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coffe y'> geotechnics
Boreho e ID. BH 1
" - sheet: 2 of 3
-
Engineering Log - Borehole o GENZCHRI15217EV
c ent: IAG Insurance date started: 01 Feb 2013
prncpa: D. Sullivan date competed: 071 Feb 2013
project:  IAG Insurance Claim ogged by: J. Byron-Joyce
ocaton: S9(2)(@) Christchurch checked by: F. Haryono |
position Not Specified surface elevation Not Specified angle from horizontal 90°
drill model Sonic Drill Rig mounting Track hole diameter 100 mm
drilling information material substance
s o | & material description ~% | hand sStruciure and
o3 ] samples & £ 8 § _— 5 | penetro- add tiona observations
ot z . ieldtests | ~ = Q =2 SOIL TYPE plasticity or particle characteristic 58 §§ meter :
% &l § £ E % & 2 colour secondary and minor components z3 $2 (kPa)
£3| 2. |% 2|38 |35 e8| 88 |g8s8
TT1 LI W D | 1111 i
| 1] S A GW | Sandy GRAVEL fine to coarse well graded [NEE! E
[l T Sp [\ sub-rounded to sub-angular pale brown sand -fine /g | 7M. i
Il 7 SAND fine to medium grey with some fine to N ]
0 coarse subrounded gravel dilatant A NNl ]
ML | SILT low liquid limit grey with minor fine sand W-S| (VSY ]
11 =5 9 [ 111 _
N 51 | L1 ]
[ 11 00 [0 1
[ N=0 7 Il 7
11 . [ 111 .
[ i [0 ]
11 [l g
[ 11 10 [ =]
[ 1] - [ 1] .
[ . [ 11 ]
L1 No SP o LTI SPT sunk under own weight (No
[ 11 undertaken ['111|Recovery) ]
[ 1 [ 111 1
[ 1 : g [l ]
|11 SP | SAND fine to meflium_blue-grey M-W| MD ||| || i
11 [ 111 ]
11 1 [0 h
11 of [ 11 i
: } } | [ 111 ]
[T ]
[ 11 53 12 { [ 111 =
N 2113 at’20m sand becoming medium to coarse R 1
55 ‘ ]
=t 11 % I :
4 » MH 4wSILT medium to high liquid limit grey with minor St E
[ 11 [l
R i : clay and organics (wood fragments) 111 ]
i i £
(N . SP | SAND medium pale brown MD | ||| -
Il . ol RN ]
[ . 1sr>3 i [0 i,
5 B
|| & : i ]
N0 i
[ 1] , 14— [ 1] =
[ ] [ 11 Z
11 | [T k
11 [ 111 2]
1] : LI :
Fip! . [l ]
WY . , i ;
2325 ) at 15 Om sand becoming fine to medium 1
i 22 LT :
[ N=17 . [ -
11 | [ 111 =]
1] [T .
[ 11 7 [ 111 ]
L !
method support samples & field tests classif.i::aﬁon.s y!nbol& y / relative d y
AD  auger drilling* X M mud N nil U##  undisturbed sample ##mm diameter ;:; o4 UInA iod Vs verysot
AS  auger screwing C casing D disturbed sample O S sot
RR roller/tricone B bulk disturbed sample Classi ication System £ m
W washbore E environmental sample St sti
C  cable tool HP hand penetrometer (kPa) moisture Vst very sti
HA hand auger N standard penetration test (SP ) D dry H hard
D diatube wber N SP - sample recovered o moist Fb riable
B blankbit 10-Oct-12 water Nc SP  with solid cone s wem ol VL very loose
V. Vbit —level on date shown VS vane sheapeak/remouded kot L loose
bfi:ywnb o i P— | water inflow (uncorrected kPa) MD medium dense
eg AD/ Y o vater outtiow R re usal D dense
VD vel_’xdense




CDF 4 9'04AB.GLB Log COF BOREHOLE: NON CORED MACHINE BOREHOLE 1.GPJ <<DrawingFile>> 20/03/2013 14:13

C()gff@y') geotechnics
Boreho e ID. BH 1
a - sheet: 30of 3
-
Engineering Log - Borehole o GENZCHRI15217EV
c ent: IAG Insurance date started: 01 Feb 2013
prncpa: D. Sullivan date competed: 071 Feb 2013
project:  IAG Insurance Claim ogged by: J. Byron-Joyce
ocaton: §9(2)(a) Christchurch checked by: F. Haryono (
position Not Specified surface elevation Not Specified angle from horizontal 90°
drill model Sonic Drill Rig mounting Track hole diameter 100 mm
drilling information material substance
s o | & material description ~% | hand Strucwre and
o3 ] samples & £ 8 § _— T§ | penetro- add tiona, observations
E © s . ield tests £ = Q =3 SOIL TYPE plasticity or particle characteristic 58 §§ meter
3 % g | g < % & 2 colour secondary and minor components z3 $2 (kPa)
gal 2|32 2| 3] 8|33 e8| 88 |g8s8
: { { | SP | SAND medium pale brown (continued) M-W/| MD : { } : -
[ 11 A | 47N ]
[ 11 SP ] AN ]
1] 2236 LT ]
[ 11 7] lol 11 ]
N=25 |
11 174 [ 111 _
1] | [ i
[ 11 [0 1
: { { at 17 4m becoming blue-grey : { { : .
11 i [0 ]
11 [l g
L1 P Wi ve 1111 =
Il 1010 RN ]
Il 1_0 ML | SILT medium liquid limit grey with minosfine M VS || 1
L N=2 1 sand trace clay and black organiGinclusions RN h
[ 11 ] [ 111 ]
: : : . [T .
19 [l ]
[ 11 [ 111 §
[ 11 T : [ 111 ]
11 41 1] at 19 3m beeofming Sandy S LT St [|]]] E
L1 " | N RN &1
[ 11 [ 111 ]
23 . _
1] N=10 [T i
[ 20 Bo'eholeBH 1 terminated at 19 95 m LEE ]
|11 A Target depth 11 i
[ 11 i [ 111 ]
[ 11 [ 111 2]
[ 11 7 [l ]
: { { - [l 1
[ ]
21 .
[ 11 [0 E
[ q Il ]
[ 11 . [ 111 .
11 i [0 ]
: { : [l :
] [ ]
[ 1] 22 [ 1] =
[ 11 1 [ 11 ]
11 | [T k
[ 11 [ 111 2]
1] : 111 ]
: { { i [l ]
[ 111 i
(41 @ L1 4
¥l 7 [0 ]
11 - [ 11 i
[ 11 i [ 111 =]
1] [T .
! E E ] [ 111 ]
!
method B support samples & field tests classif:n::aﬁon .sy!nbol& y / relative d y
AD auger driling M mud N nil Ut#  undisturbed sample ##mm diameter ;:; o4 Ult‘!::i Vs verysot
AS  auger screwing C casing D disturbed sample ovion S sot
RR roller/tricone B bulk disturbed sample Classi ication System £ m
W washbore E environmental sample St sti
C  cable tool HP hand penetrometer (kPa) moisture VSt very sti
HA hand auger N standard penetration test (SP ) D dry H hard
D diatube Srater N* SP - sample recovered o moist Fb riable
B blankbit 10-Oct-12 water Nc SP  with solid cone s wem ted VL very loose
V. Vbit —level on date shown VS vane sheapeak/remouded kot L loose
bf g:mn — P— | water inflow (uncorrected kPa) MD medium dense
g AD/ o vater outtiow R re usal D dense
VD veﬁdense




coffey

Boreho e ID. AQF.BH1
a - sheet: 10f 3
Engineering Log - Borehole o GENZCHRI15217AQF
c ent: IAG Insurance date started: 26 Mar 2014
prncpa: = date competed: 26 Mar 2014
project:  IAG Insurance Claims ogged by: J. McLennan
ocaton: S9(2)(@) Christchurch checked by: H. Toi

position Not Specified
drill model Comacchio MC-900 Track mounted

surface elevation Not Specified

angle from horizontal 90°

hole diameter 100 mm

CDF 4 9°04BB.GLB Log COF BOREHOLE: NON CORED 15217AQF GINT FILE.GPJ <<DrawingFile>> 15/04/2014 15:27

drilling information material substance
s 5 material description ~% | hand _sstruciure and
o3 ] samples & £ § _— 5 | penetro- add tiona observations
ot s ieldtests | ~ £ = E SOIL TYPE plasticity or particle characteristic 58 §§ meter X
28| § 3 E| £ colour secondary and minor components 28 | 42 Pa
k] S o © ) g § [ =] 5 {Pa)
ED | vel| = x| o R £ § g 2888
P Sp | \ROAD SURFACE: ASPHALT /T m FET T dm -
L FILL: Gravelly SAND fine to medium grained 14 ]
[ brown gravel is fine to coarse grained rounded to | 71N E
11 sub-rounded AN ]
11 LT ]
[ 11 [N 11 ]
i i E
[ 11 SP | SAND fine to medium grained brown minor silt VL | I 1] | SPRINGSTON FORMATION .
[ 7 Il 1
SP | ]
e o |
00 B B
11 N*=0 [l .
[ 11 20 [ =]
[ 1] - [ 1] .
[ . [ 11 ]
[ [T —
I 1 at2 5m silt absent [0 1
[ 1 [ 111 1
[ f [l ]
1] . §F’7 o GP | Sandy GRAVEL (ineito coarse grained rounded S [ MD [|]1] .
1] 78 to sub-rounded brown“sand is fine to coarse 111 ]
N*=30 grained : 4
11 [0 h
11 [ 11 i
11 _ [ 111 ]
8 [ ]| = b, o] [T -
£Z111 f 40— . [ 111 =]
Ll g .0 i RN 1
|ll§ P [ 11 ]
N — [ 11 -
|11 6885 I ]
11 85 [l 1
L1 N'=26 L 2]
[ 11 [0 .
[ Il ]
11 [ 111 .
[ [0 i,
11 [l .
: } : at 5 8m becoming grey : } : : ]
SP i
[ 7 %88 [ 11 g
[ 65 [T 1
I N2 Rl o]
N L1 ]
g I i '
T4 B0 L1 .
| RN ]
11 % [ 11 .
L1 P I L1 .
51056 T ]
: { { 56 ] SP | SAND fine to coarse grained grey with some fine : { { : ]
i N*=: to coarse grained rounded to sub-rounded gravel R -
method support samples & field tests clas::n::aﬁon? y!nbol& y / relative d y
AD auger driling M mud N nil B bulk disturbed sample basedonUIni iod Vs verysot
AS  auger screwing C casing D disturbed sample Classi ication S S sot
RR  rollerftricone tration E environmental sample assi lcation Systom F irm
W  washbore F ss split spoon sample St sti
C  cabletool o resistance U##  undisturbed sample ##mm di i Vst very st
HA hand auger ; ranging to HP hand penetrometer (kPa) D dry H hard
D diatube wber N standard penetration test (SP ) o moist Fb riable
B blankbit 10-Oct-12 water N SP - sample recovered s gturate d VL very loose
V. Vbit = level on date shown Nc SP with solid cone L loose
bfi:ywnb o i P— | water inflow Vs vane shear peak/remouded (kPa) MD medium dense
e Y —— | water outfiow R re usal ) D dense
eg H_B hammer bouncing VD very dense




coffey

Boreho e ID. AQF.BH1
i - sheet: 2 of 3
Engineering Log - Borehole o GENZCHRI15217AQF
c ent: IAG Insurance date started: 26 Mar 2014
prncpa: = date competed: 26 Mar 2014
project:  IAG Insurance Claims ogged by: J. McLennan
ocaton: S9(2)(@) Christchurch checked by: H. Toi

position Not Specified
drill model Comacchio MC-900 Track mounted

surface elevation Not Specified

angle from horizontal 90°

hole diameter 100 mm

CDF 4 9°04BB.GLB Log COF BOREHOLE: NON CORED 15217AQF GINT FILE.GPJ <<DrawingFile>> 15/04/2014 15:27

drilling information material substance
< o | § material description ~% | hand _sstrucure and
o3 ] samples & £ 8 § _— T§ | penetro- add tiona, observations
153 — s ieldtests | —~ £ Q = E SOIL TYPE plasticity or particle characteristic 58 §§ meter S \
% &l § ,2 E % & 2 colour secondary and minor components 3 8 2 (kPa)
g3 s |3 gl 3|5 |57 e8| 82 |s333 g
Fr | sP s s | Mo | I'TT1 "SPRINGSTON FORMATION i
111 E at8 1m with minor wood fragments (up to 50mm) | [HEE E
11 ] ML | SILT low to medium liquid limit grey with minor F 114N i
|11 fine to medium grained sand and wood fragments KNP 1
: : { SP | SAND fine to coarse grained grey L% } l{ } : E
11 90 dREN )
L1 yB | RN .
[ 11 14 [0 E
LI =8 1 RN ]
[ 11 4. [ 111 E
L E ML | SILT low liquid limit grey trace organics (wood F LET 1
11 pol fragments) 3 (N B
at m organics absent E
i 1 sogfion s i
[ 11 i [ 11 ]
11 [T : -
I E RN Drill sank from 10 5mto 11 8m ]
1] 8 [T 1
[ | [l ]
10
L i RN ]
[ 11 [ 111 ]
[ 11 . s~ § ? [0 h
: { { 4771 sp | SAND fie to coarse grained grey VL : { { : ]
1] SP ] ML | SILT low liquid limit grey with some fine to S-F||]|]]| ]
8 =z 0010 120 megditim grained sand trace wood fragments ]
1 [ 11 10 : [ 111 ]
: : : N*=2 . at 12.4M becoming with trace sand : : : : .
[ 11 i [0 2}
[ 11 7 [l ]
11 SP . [l E
1] 0011 [ ]
N 22 . RE ]
N N*=6 SM | Silty SAND fine to medium grained grey L EE ]
L1 . NN ]
11 SP i [0 ]
| {2322 MO 3
L1 N1 SP | SAND fine to coarse grained brown LI 1
L1 140 L .
[ 11 1 [ 11 il
11 | [T 1
[ 11 [ 111 ]
[ 1% 1 [T .
Fip! . [l ]
g ( [ 111 i
41 P B L1 N
1355 of ]
¥l 6 6 [0 ]
|11 N*= 4 [ 11 .
[ 11 i [ 111 =
1] [T .
[ 11 ] [ 111 ]
L !
method support samples & field tests classs::ubons ymbol & y / relative density
AD  auger drilling* . M mud N nil B bulk disturbed sample i edd“mu'pbfed" VS verysot
AS auger screwing C casing D disturbed sample Sovion -l S sot
RR roller/tricone E environmental sample Classi ication System £ m
W  washbore ss split spoon sample St sti
C  cabletool U##  undisturbed sample ##mm di i vst very sti
HA hand auger HP hand penetrometer (kPa) D dry H hard
g g:h:(b;' N standard penetration test (SP ) \hfdv mﬁ‘ Fb riable
NK DI -
! 10-Oct-12 water N SP - sample recovered VL very loose
V. Vbit X evel on dats shown Nc  SP withsolid cone S luigied L loose
bfgt bveu i P— | water inflow Vs vane shear peakiremouded (kPa) MD medium dense
= own by su ix R re usal D dense
eg AD/ e o HB hammer bouncing VD very dense
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coffey ¥

Borehoe ID. AQF-BH1

E " - L B h I sheet: 3 of 3
-
ngineering Log - borenoie o GENZCHRI15217AQF
c ent: IAG Insurance date started: 26 Mar 2014
prncpa: = date competed: 26 Mar 2014
project:  IAG Insurance Claims ogged by: J. McLennan
ocaton: S9(2)(a) Christchurch checked by: H. Toi
position Not Specified surface elevation Not Specified angle from horizontal 90°
drill model Comacchio MC-900 Track mounted hole diameter 100 mm
drilling information material substance
s o | & material description ~% | hand sstrucure and
o3 ] samples & £ 8 § _— 5 | penetro- add tiona observations
ot z ieldtests | ~ £ Q =2 SOIL TYPE plasticity or particle characteristic 58 §§ meter :
% &l § % E % & 2 colour secondary and minor components z3 $2 (kPa)
Ed o % 2| 8|8 |85 28| 8% |sass
: { { | SP | SAND fine to coarse grained brown (continued) s | MD : { H SPRINGSTON FORMATION i
[ 11 A | 47N ]
[ 11 SP ] AN ]
11 3466 N T ]
11 4 1 ol | | .
Ol N*=30 — dB RN —
11 | A [ 11 ]
[ 11 (NN 1
[ N DR Il 7
[ 11 ™ B [ 111 .
11 i [0 ]
© [ 11 $ NN g
300 P 1801 - RN =
1] 1344 N [ ]
: : { N'=12 Y77 ML | Clayey SILT medium liquid limit grey St : : { : ]
Il '/ NN ]
[ W77 [ 11 1
Il ] I 7777 & RN ]
|11 AYA] at 19 0m clay abent ; A [ 11 .
] 111 SM | Silty SAND fidesd medhm grained grey M1 L ]
[ 11 11 s b [0 :
(N . 1SF‘2 5 i I ]
[ 11 [ 111 ]
33 4 ]
11 N*=11 cle [0 .
11 20 Bo/ehole AQF-BH1 terminated at 19 95 m LI ]
[ 11 - Target depth RN 1
[ 11 | [ 111 ]
[ 11 [0 2}
I 1] 7 NN ]
[ 1] - (NN i
11 [ 11 ]
21 0 ]
[ 11 } (NN E
[ q Il ]
[ 11 3 [ 111 :
11 i [0 ]
[ 11 NN E
[ 11 ] [ ]
11 220 [ 111 =]
[ 11 4 [ 11 ]
11 | [ 1
[ 11 [ 111 o
1] 1 [ 11 ]
r'p i [N ]
g ( [ 111 i
T4 1 =9 1T ]
¥l b [0 ]
(N 4 I 1
[ 11 | [ 111 =
11 [0 -
|11 7 [N ]
L] L1 1|
classification symbol & PP
method support samples & field tests e R y/ Y
AD auger drilling* M mud N nil B bulk disturbed sample soil D 'S verysot
AS  auger screwing” C casing D disturbed sample Dasedion Lni jed s sot
RR roller/tricone E environmental sample Classi ication System £ m
W  washbore ss split spoon sample St sti
C  cable tool U##  undisturbed sample ##mm di i VSt very sti
HA hand auger HP hand penetrometer (kPa) D dry H hard
D diatube wber N standard penetration test (SP ) o moist Fb riable
B blankbit 10-Oct-12 water N SP - sample recovered s we‘:‘ i VL very loose
V. Vbit —level on date shown Nc SP with solid cone b shncs L loose
C bit ) P— | water inflow Vs vane shear peak/remouded (kPa) MD medium dense
bit shown by su ix | weter outfiow R re usal D dense
eg AD/ HB hammer bouncing VD very dense
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Appendix C - Environment Canterbury Well Search

50 | GHD | Report for Environment Canterbury - §1g(2)(@) " Detailed Site Investigation, 51/37675/



-D 02771

nmmrmmhmsoom“

WELL_NO WELL_TYPE_ 'WELL STATUS LocauTy ROAD/STREET DEPTH (m) DIAMETER (mm) 'USE CODE HIHEI._::A'IEI Mﬁl’vzﬂ'ﬂ INITIAL WATER LEVEL | Link
5 Boorwes  (acie(eitpesen)) G | o o Onverveton ° o m
s Gororuien  [acoe(erst preen) GO | o o Otmerveson ° o E
s Boreorwen |acte(ext presem)| U [ ® » Obmerveton o o E
g Boreorwell  |Active (exist present) g [ ° ° ::W:":r: o ° “
— Bore or Well Active (exist present) - — o 32 Domestic Supply o o o
g soreorwen  |actve (exst presen)| UG I . 7 Otmersaion ° o
N
.
s Boreoruien  |actve (exst preent)| UG I . » Oneervaton ° © O M
A
g | e e So@yE | m—— u b 0 (‘b °
Al
s Borcorwer  ache(esit preserel| GG . 7 Otmervation \ o
= | e s p— - | 1{&\5 | 2
_ Bore or Well Active (exist present) m ] 2 1\ ater Level B & E
Observation
L)
o < ‘Water Level
— Bore or Well Active (exist present) “ _ Ls’ .)\: Observation o L]
g sorcorwien  |actve (esist present)|  SIGRY q\ 2 P irigation 057 033 0733 “
- Bore or Well Active (exist present) “ 7 51 Domestic Supply 32 133 139 E
zz [
_ Bore or Well Sy xﬁ' - \® 18 130 Domestic Supply [} o 06 E
| e T S 9Va) s o ovsresion 0 0 E

5137675

3
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Appendix D - Borelogs
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BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18

GHB' Limited

WINDOW SAMPLE LOG

PO Box 13468

Ste Identfcaton: 17-WNS

Chr stchurch 8141 Sheet1of1
Project: G DSl Coordinates: E 1572618, N 5177150 Datum: NZTM2000
Client: Environment Canterbury Total Depth: 3.5m
Site: s 9(2)(a) Commenced: 08 Jan 18 Contractor: Van Wat
Job No.: 51/37675 Completed: 08 Jan 18
Equipment: Logged: DJ
Shear Vane: Processed: | HJ
Hole Diameter (mm): Checked: MB
s
= SOIL DESCRIPTION (Soil Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
- %l S| %8 [zoning, defects, cementing], plasticity olg8 o & Comments
£ |8 o or grain size, secondary components, o |85l Fc|Z b
> I e - § = structure. 5|3 2|2 *a
£E(8(€|12| €% (Geological Formation) % [ew| g g g £
gls|8|8| E|= 5 (63 &9 | & &
o|2|a|lo]|] o |0 = 0| wes |0 a
X 7 ML | TOPSOIL: SILT w th m nor sand and trace rootetst | M 57
I ¥ " dark brown. Mo st. 17_WNS Depth,0 1 )
i e X g |
| 030 |
| F ne to med um SAND; grey sh brown. Mo st. M i
-_ 1 from 0.9 m: orange mott ng, wet. W 1 _
i 651 47 WNS Depth 1 5 1
- PD55 E
: from 1.8 m: grey.
._2 2_
: from 2.4 m:‘brown, saturated. S
i 63| 17_WNS Depth 2 6 1
- PD45 .
._3 3_
I |
[ 35 ]
Term nat on Depth = 3.5m (C) 66| 17_WNS Depth 35
i PD34 )
_4 4_
t |
5 5+




BOREHOLE LOG

' l1 . Ste Identfcaton: 17-BH
@ Qﬁ-ﬁyﬁmlted PO Box 13468
- Chr stchurch 8141 Sheet1of1
Project: s 9(2)(a) DSl Datum:
Client: Environment Canterbury Total Depth: 4.8m
Site: s 9(2)(a) Commenced: 16 Jan 18 Contractor: McM an Dr ng
Job No.: 51/37675 Completed: 16 Jan 18
Equipment: AMS 259 Logged: LP
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soil Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds 5
- =%l S| % [zoning, defects, cementing], plasticity olg8 -] & Comments 8
£ £l 8 o | .8 or grain size, secondary components, o §¢, . |2
Z|l.|T|2| 2|8 structure. 5la3 s |2 i
E|8|€|2| 8|9 (Geological Formation) (2w g- g g- <
g = 8|8 £ |= 5|69 89| & g
o|S|alo| o |0 = 0| s |0 a
X 7 ML | TOPSOIL: SILT, m nor sand, trace root ets; dark M
i ¥ " brown. Mo st. 1
I e X g ]
- X X X E
| x 24| 17¢.BH.Depth 0.4 |
X X
| 050 X 4
FILL: SILT, some ceramcs, s ag, gass and f ne M
i grave ; orange, b ack, brown. Mo st. 1
._1 1 -
I 120 88|17 BH_12 E
| No Recovery Inferred FILL. ]
._2 2_
| 240 ]
| FILL: SILT, “ome ceramcs, s ag, g ass and f ne M |
graye ; prange; b ack, brown. Mo st.
._3 3_
| 320 e 89| 17 BH 32 1
<% "X OL | Organc SILT, trace root ets; dark brown/b ack. M
I z xﬁr, Mo st. Strong organ ¢ odour. 1
I k] ]
I 5 ]
| 360 [l o\ i
No Recovery dr er states unab e to catch ]
matera, keys tyfne SAND.
_4 4_
t ]
480 i
Term nat on Depth = 4.8m (TD) ]
5 5+

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18




HAND AUGER LOG

' l1 . Ste Identfcaton: 35-HA
@ tﬁ-ﬁgﬁmlted PO Box 13468
_ Chr stchurch 8141 Sheet1of1
Project: s92xa) DSl Coordinates: §9(2)(@) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 2.0m
Site: s 9(2)(a) Commenced: 09 Jan 18 Contractor:
Job No.: 51/37675 Completed: 09 Jan 18
Equipment: 50 mm hand auger Logged: DJ
Shear Vane: Processed: | HJ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soil Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
P 2 § SI% [zoning, defects, cementing], plasticity o (8 a ] & Comments S
E £ .2 o | .8 or grain size, secondary components, o 85| Fc|Z
AR IR structure. 503 25 |2 i
E|8|€|2| 8|9 (Geological Formation) % |0 g- g g- <
=88 (= 5|63 A | & &
o|S|alo| o |0 = [Ox|ww | » a
| x XML TOPSOIL: Sandy SILT, dark brown. Mo st. M ]
- ) x ) B
- X E
| 050 76 i
| SAND; ght brown. Mo st. M PYA Depth 0.5 ]
: from 0.8 m: orange mott ng. :
4 100 14
| SAND; brown/grey w th orange mott ng. Wet. W, ]
- 71| 35_HA Depth 1 5 E
I 180 i
| SAND; brown/grey. Saturated. S ]
5 200 2]
| Term nat on Depth = 2p1TD) ]
- 3 3 -
of ]
S| 1
i ]
of ]
el
i | |
] 5 ]
w | |
3
s} 1
wy 4 4
( s e
&
4 ]
o L P
2 |
P | ]
]
§' - J
% 5 4
2 |
o
3 ]
I 5-




' l1 . Ste Identfcaton: 39-BH
@ Qﬁ-ﬁyﬁmlted PO Box 13468
- Chr stchurch 8141 Sheet1of1
Project: s 9(2)(a) DSl Datum:
Client: Environment Canterbury Total Depth: 4.8m
Site: s 9(2)(a) Commenced: 16 Jan 18 Contractor: McM an Dr ng
Job No.: 51/37675 Completed: 16 Jan 18
Equipment: AMS 259 Logged: HJ
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
= SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5 E‘ 2 §: . Sample/ Test Reco ds 5
P o i = [zoning, defects, cementing], plasticity Q (=] mme.
£ E|8| 3 3 or grain size, secondary components, o 5% -_|= e ] 3
Sl 2|2 2 |E structure. 5(a3 2% |2 2
E|8|€|2| 8|9 (Geological Formation) (2w g- g g- <
g1s| 8|8 | 5|63 80| & g
o2 |(a|lo| o |0 = o) v (o a
I X | ML| TOPSOIL: Sandy SILT; dark brown. Most. M ]
- ) x ) B
x X
- 5 B s 20| 35¢BH.0.3 .
- x =
| 050 x X A ]
FILL: SAND w th br ck fragments, ceramcs, grave|, | M
i sag; ght brown. Most. 1
._1 1 -
i 941 35 BH_12 1
[, 93| 35 BH 20 27
i 92| 35 BH 24 1
: 280 a%e?: 91
| " o] "@rgan ¢ SILT, trace root ets; dark brown/b ack. w 35.BH 28
[/ ,‘;7, Wet. 1
3 5 37
E 3 ]
| AN |
r ,;\—6 :-\-‘— -1
X x
- NS _
| 360 s |
X SM| S ty fne SAND; grey. Saturated. S ]
I ]
X . X
ok ]
X, ", X
-4 s 4
s £ . X, v e
X . X
- 2ol e
%, ‘. X
| o X ]
| N l
X . X
L "X 4
X, ", X
| o X 4 ]
Xe o X
- : . X. % -
480 K aste |
Term nat on Depth = 4.8m (TD) 90| 35 BH 48 ]
5 5+

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18




WINDOW SAMPLE LOG

—1 It Ste Identfcaton:
GHB Limited PO Box 13468 .

@ Chr stchurch 8141 37 WNS (1 ) Sheet1of1
Project: EREE DSl Coordinates: §9(2)(@) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 3.2m
Site: s 9(2)(a) Commenced: 08 Jan 18 Contractor: Van Wat
Job No.: 51/37675 Completed: 08 Jan 18
Equipment: Logged: DJ

Shear Vane: Processed: | HJ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5[=2 §: . Sample/ Test Reco ds g
P ~|®| Q| § [zoning, defects, cementing], plasticity o|e 3 o & Comments
£ |8 o or grain size, secondary components, o |5 ol Fe |2 b
e I el I~ § & structure. 53 2|2 i
E|8|€|2| 8|9 (Geological Formation) (2w g- g g- <
g = 8|8 | 5|69 89| & g
o2 |(a|lo| o |0 = 0| s |0 a
| 010 ¥ | ML| TOPSOIL: SILT, brown. Most. M = ]
FILL: Brck, ceramcs, gass, sag naSILT matrx;| | M 37T_W1_of

I dark brown sh b ack. Mo st. ]
i 541 3105 1
B 090 |
» VOID No recovery 1
I 120 i

FILL: Brck, ceramcs, gass, sag n a SILT matr; M

I dark brown sh back. Most. iy
I 581 37 w115 ]
._2 2_
| from 2.0 m: bue cay mrxed wth s ag. |
i 61 37 w1 22 1

260
i (XX 631 37.w1_26 1
"« - | GP| Saridyfne to coarse GRAVEL, subrounded, fnetd | S PD35

i p ~a‘°. eeanwesand; some s t; grey. Saturated. i
s 5 o .
i < %] ]
-3 3 o’oia' 3
- . ¢ N 4
| 320 o A ]

| Term nat on Depth = 3.2m (TD) ]

_4 4_

t i
5 5

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18
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= WINDOW SAMPLE LOG Ste Ident f cat on:
7 5

@Qﬁ-ﬁ% Cimited PO Box 13468 37 -WNS (2)

- Chr stchurch 8141 Sheet1of1
Project: G DSl Coordinates: §9(2)(a) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 3.0m
Site: s 9(2)(a) Commenced: 08 Jan 18 Contractor: Van Wat
Job No.: 51/37675 Completed: 08 Jan 18
Equipment: Logged: DJ

Shear Vane: Processed: | HJ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5| g 5 Name [minor MAJOR], colour, structure 5[=8 §: ) Sample/ Test Reco ds 5
= =8| 3 |® [zoning, defects, cementing], plasticity o248 S & Comments 8
E £ .2 o | .8 or grain size, secondary components, o 85| Fc|Z
AR IR structure. 503 25 |2 i
E|8|€|2| 8|9 (Geological Formation) % |0 g- g g- <
gls|8|8| E|= 5 (63 &9 | & &
o|2|a|lo]|] o |0 = 0| wes |0 a
o10] KXXH FILL: Sandy f ne to coarse GRAVEL (dr veway ]
x X mL[\matera) M
X X SILT wth trace f ne sand; brown. Mo st. 60 37_W2_06:2 )
X x| T
x =
X X
X 4
X X
X e
X X
x 4
X X
080 X _
F ne to med um SAND; brown. mo st. M ]
._1 1 -
from1.2m: mnors t.
68137 w215 1
PD41 .
from 1.8 m: s t absent.

._2 2_

220
Sandy f ne to med um GRAVEL; grey. Wet w |

641 37 w2 26 1

PD35 E

Term nat on Depth = 3m (R) ]

_4 4_
5 5+
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GHB' Limited

&

BOREHOLE LOG

PO Box 13468

Ste Identfcaton: 41-BH

Chr stchurch 8141 Sheet1of1
Project: EREE DSl Coordinates: §9(2)(@) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 4.8m
Site: s 9(2)(a) Commenced: 18 Jan 18 Contractor: McM an Dr ng
Job No.: 51/37675 Completed: 18 Jan 18
Equipment: AMS 259 Logged: HJ
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soil Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5[=2 §: . Sample/ Test Reco ds g
P ~|®| Q| § [zoning, defects, cementing], plasticity o|e 3 o & Comments
£ |8 o or grain size, secondary components, o |5 ol Fe |2 b
e I el I~ § & structure. 53 2|2 i
E|ls|€|2|1 5|9 (Geological Formation) % [e%| g s g £
g = 8|8 £ |= 5|69 89| & g
o|S|alo| o |0 = 0| s |0 a
Cam—
ML »
| T x TOPSOIL: SILT, trace root ets. | PP — ]
I 020 x i
FILL: SILT, some br ck fragments; dark brown. M
i Most. ]
: 070
| SAND; brown. Dry. D ]
._1 1 -
: from 1.2 m: Most. M 41.BH 12
._2 2_
| 210 i
Sandy GRAVEL; brown®.Mo st. Subangu ar to M
i subrounded greywacke i
i 41 BH 24 i
._3 3_
L ]
| =730 ]
o F ne SAND; brown. Mo st. M i
% J
VA ]
-4 400 200 D; 4
| ' < | GP| Sandy f ne to med um GRAVEL; brown. Wet. w |
P o) Subrounded to subangu ar greywacke. 41_BH_46
5 b o' p
2]
I B! i
| o |
R 5 k
i ‘0. ao. 4 )
L p oS i
| , o ]
480 prip o i
Term nat on Depth = 4.8m (TD) ]
5 5




WINDOW SAMPLE LOG

' l1 . Ste Identfcaton: 41 - WNS
@ %:HB?E‘mlted PO Box 13468
- Chr stchurch 8141 Sheet1of1
Project: BN DsI Coordinates: ES9(2)(@) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 5.2m
Site: s 9(2)(a) Commenced: 10 Jan 18 Contractor: Van Wat
Job No.: 51/37675 Completed: 10 Jan 18
Equipment: Logged: DJ
Shear Vane: Processed: | HJ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soil Code), Soil 5| 2 B
5 2 5 Name [minor MAJOR], colour, structure 5[=2 §: . Sample/ Test Reco ds %
_— - | ® -t .g [m'“"Q, defects, Wl‘*'ﬁ"gl' plasticity (&) = 3 (=] & cOnmnw
£ |8 o or grain size, secondary components, o |5 ol Fe |2 b
=l . l=l2 2| structure. Slez 2|2 <
sls|s|L| 5|32 (Geological Formation) B|eg| g g g S
g|l=(8|8| ¢ |= 5|63 A | & &
o|S|alo| o |0 = 0| s |0 a
Cam—
ML | TOPSOIL: SILT w th trace root ets; brown. Mo st. M |
i - L 5 331 41_WNS Depth 0 1 ]
i FILL: SILT; dark brown. Mo st, br ck fragments. M |
: from 0.8 m: ceramcs, s ag, grave, gass, meta.
-1 15
B PD32 g
_2 2_
I 32| 41_WNS Depth 2.5 iy
I PD41 ]
_3 3_
- 29| 41_WNS Depth 3.5 1
s 360 | &:9.¢ PDO9 ]
| 2% OL | Organ ¢ SILT wth trace roots and wood; dark M ]
i AN brown sh b ack; mo st. Strong organ ¢ odour. 28| 41_WNS Deptn 3.7 |
L A5 WX e
B ~ Al
o o "
i % o 31| 41_WNS Depth 4.2 .
i s "\, PDOS5 1
450 :‘2' :‘L
e ;d GP | Sandy f ne to coarse GRAVEL; grey. Wet. w |
[ ‘a o E
! PRAY 35| 41_WNS Depth 4.8 1
« Yo
- R PD21 1
-5 R s 3 5
I ) i
520 % o 9 |
': Term nat on Depth = 5.2m (TD) ]
6 6

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18







HAND AUGER LOG

' l1 . Ste Identfcaton: 43-HA2
@ t{ﬁﬁﬁmlted PO Box 13468
- Chr stchurch 8141 Sheet1of1
Project: s92xa) DSl Coordinates: §9(2)(@) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 1.1m
Site: s 9(2)(a) Commenced: 12 Jan 18 Contractor:
Job No.: 51/37675 Completed: 12 Jan 18
Equipment: 50 mm hand auger Logged: DJ
Shear Vane: Processed: | HJ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
P ~|®%|l S| % [zoning, defects, cementing], plasticity o (8 8 ] & Comments S
E £l 8 o or grain size, secondary components, o |8l Fc|Z
> I e - g & structure. 53 2|2 s
E|8|€|2| 8|9 (Geological Formation) % |0 g- g g- <
g|l=(8|8| ¢ |= 5|63 A | & &
o2 |(a|lo| o |0 = [Ox|ww | » a
% | ML| SILT; dark brown. Most, =
- x 43_HA Deptfi0,1 iy
I 1y ]
| 030 ]
| SAND; ght brown. Mo st. i
._1 1 -
i 110 from 1.0 m: grave . |
| Term nat on Depth = 1.1m (R) 4 | 43_HA Depth 12 |
._2 2_
._3 3_
of i
S i
-t i
ol ]
el
i | |
wl i
w, | |
3
g} 1
|.ul_4 4
( s e
&
¢ |
o L P
2 |
al ]
]
§' - i
% 5 4
2 |
o
5 ]
I 5-




BOREHOLE LOG
4 S Limited Ste ldentfcaton: 43-BH
mi PO Box 13468
- Chr stchurch 8141 Sheet1of1
Project: s9(2)Ka) DSl Coordinates: §9(2)(a) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 4.8m
Site: s 9(2)(a) Commenced: 19 Jan 18 Contractor: McM an Dr ng
Job No.: 51/37675 Completed: 19 Jan 18
Equipment: AMS 259 Logged: HJ
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soil Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5[=2 §: . Sample/ Test Reco ds I
e =%l S| § [zoning, defects, cementing], plasticity olg8 (-] & Comments s
E £l 8 ° E or grain size, secondary components, P § ol F |2
Z|l.|T|2| 2|8 structure. 5la3 s |2 i
E|8|€|2| 8|9 (Geological Formation) (2w g- g g- <
g = 8|8 £ |= 5|69 89| & g
o|S|alo| o |0 = 0| s |0 a
X =ML TOPSOIL: SILT; dark brown. Mo st. M 5
- x 43_BH Deptfi0,1 iy
I 1y ]
- X E
X
| 040 x _
FILL: SILT, some f ne grave , sand,ceramcs, brck| | M i
i g ass; brown. Most. 1
._1 1 -
i 20| 43 BH 12 1
: from 1.5 m: Poor recovery  poss b evofs.
._2 2_
I £ ]
I S ]
B (=] 4
-4
| § from, 2.5 41 Poor recovery possbe vods. |
|8 ]
I v ]
._3 3_
L ]
I 21( 43 BH_3.4 ]
I 350 ]
* % I ML| SILT, mnor f ne sand, trace roots, bone and wood| | M
i ¥y ¥ dark brown/b ack. Mo st. S ght su phur odour. i
X | )
X 2 x| T
X ® X )
W " x 2 4
s x e
X X
- x e
x x|
- X -
L 440 * % g
| * « X ML [ F ne sandy SILT, trace roots and wood; brown. M 5
X X Most. S ght su phur odour. 43 BH_45 1
I e X i
- x X PD13 .
480 X _
Term nat on Depth = 4.8m (TD) ]
5 5

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18




' l1 . Ste Identfcaton: 45 WNS
@ ﬁﬁ?Eimlted PO Box 13468
- Chr stchurch 8141 Sheet1of1
Project: s 9(2)(a) DSl Datum:
Client: Environment Canterbury Total Depth: 4.0m
Site: s 9(2)(a) Commenced: 08 Jan 18 Contractor: Van Wat
Job No.: 51/37675 Completed: 08 Jan 18
Equipment: Logged: LP
Shear Vane: Processed: | HJ
Hole Diameter (mm): Checked: MB
s
= SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
- %l S| %8 [zoning, defects, cementing], plasticity olg8 o & Comments 8
£ £l 8 o | .8 or grain size, secondary components, 2|84 Fc|® -
sl=|=l8 = |%& structure. 528 25 |2 @
£|ls(€[2]| €% (Geological Formation) % [ag| 8 g g S
|5 & ] | 5|63 80| & g
o2 |(a|lo| o |0 = 0| wes |0 a
| ;I;tLerg )ty GRAVEL; grey (poss b e od pathway 55| 45 WNS Depth 0.1 |
I 040 ]
| X « X ML| SILT; dark brown. Mo st. M |
- e X & e
X X
I - ]
| 080 X ]
| * « X ML| SILT; ye ow sh brown. Mo st to wet. M |
X X
-1 ” X % 14
- x -
X X
| 120 |
| F ne to med um SAND; brown. Mo st to wet. I\Vf; ]
- 74 | 45_WNS Depth 1.5 g
B PD32 i
._2 2_
i 78| 45 WNS Depth 25 1
B PD25 1
: 280 X
%8 8andy f ne to med um GRAVEL, subrounded. S
I P o] Saturated. i
._3 5 % _a' 3_
L .c. 'Oo‘ 4
| iy N |
| 3 2 do '°: |
| ,o. Oof ]
i o 80 45 WNS Depth 3.5 1
- 0% 4 PD37 :
- . 0.0- 4
-
: .C:, o )
A el !
i i 50, i)
| Term nat on Depth = 4m (TD) |
t _
5 5+

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18

WINDOW SAMPLE LOG




&

GHB' Limited

HAND AUGER LOG

PO Box 13468

Ste Identfcaton: 45-HA

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18

Chr stchurch 8141 Sheet1of1
Project: s 9(2)(a) DSl Datum:
Client: Environment Canterbury Total Depth:
Site: s 9(2)(a) Commenced: 08 Jan 18 Contractor: 1.5m
Job No.: 51/37675 Completed: 08 Jan 18
Equipment: Logged: LP
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
= SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
e ~|®%|l S| % [zoning, defects, cementing], plasticity o (8 8 (] & Comments
£ |8 o or grain size, secondary components, o |85l Fc|Z b
> I e - g = structure. 523 25| 2 i
£E(8(€|12| €% (Geological Formation) % [ew| g g g £
gls|8|8| E|= 5 (63 &9 | & &
o|2|a|lo]|] o |0 = 0| wes |0 a
X GM| FILL: S tyf :
| % : S ty f ne to med um GRAVEL; grey. |
X Rounded.
- z( [} .
% °
I Lo !
| 040 X o g
X X X
| X ML | SILT; dark brown. Mo st. M 77 |35 Pebeptn 0 5 |
- X X X e
- X -
X X
| 080 x ]
* | ML| SILT; ye ow/brown. Mo st to wet. M-
i X X w h
-1 ” X % 14
- x -
X
x
I % ]
X
E L o ]
X
B L% _
| 1.50 x ]
| Term nat on Depth = 1.5m (TD) 73 | 45_H Depth 1.5 |
._2 2_
._3 3_
L ]
[ ]
£ _
A !
f4 4
t _
5 5+







TEST PIT LOG SHEET WITH WELL PIEZOMETER

Client-D-027F#vironment Canterbury

Project: s9@)a)
Location: 59(2)(@)

DSl

HOLE No. HA_B_45

SHEET 1 OF 1

Position: NA

Surface RL: NA

Processed: WT

& basis of descriptions

PH :03 378 0900 www.ghd.com

Method of Exploration: Hand Auger Hole Size: 50 mm Checked: MB
Date: 27/02/18 Logged by: WT/PJ Date: 2/3/18
Note: * indicates signatures on origing
issue of log or last revision of log
~ 2 Material Description 38
= @ 3 :’) SOIL TYPE, colour, structure, minor components (origin), o 5|5 2 Comments
i 4 P2 ~wn = °© and é EE ; i
2 = g § £8 o OF ROCK TYPE, colour, grain size, structure, 2 gee ObsefVations
312 Beos 2 5 L& weathering, strength =388
raaal OL | Topsoll, dark brown. Damp. M| L
AAAA A, OH MD
A A AA
AAAAAAAA
AAAAAAAA
AAAAAAAA
ALAALAL
HA_B_45_0.1 A tatata PID - 0.1 PPM y
AAAA
AAAARAA
AAAAAAAA
AAAAAAAA
AAAAAAA:
AAAARAA _
AAAAAAAA
AAAAAAAA
AAAAAAA:
AAAARAA
AAAAAAAA
AAAAAAAA
AAAAAAA: -
AAAARAA
AAAAAAAA
AAAAAAAA
AAAAAAAA
AAAA
AAAAAAAA
0.40Q A_AAAfAAA J
|5'; | SM Silt, grey. ‘Moderately packed, damp, grading to a M |MD-
| l fine silty*sand at 1 m bgl. D
;lg I PID - 0.1 PPM '
B ;'; : 4
bl
e el
; e
= e
) il i
= I li
o 4 P
8 Ll
2 !
(O] . :
3 Fal ‘
S | |
b 1
2 Jeaenh End of hand auger at 1
) HA B 45 10 104 '|:.. :ﬁ|j metres. Target Depth. PID - 0.1 PPM
‘_ i ==
; See standard sheets for | B8 GHD Christchurch Job No.
£] details of abbreviations @ Level 3, 1387 Victoria Street, Christchurch, 8013 5137675
g ]
O




TEST PIT LOG SHEET WITH WELL PIEZOMETER

Client-D-027F#vironment Canterbury

Project: s9@)a)
Location: 59(2)(@)

DSl

HOLE No. HA_C_45

SHEET

1 OF 1

Position: NA

Surface RL: NA

Processed: WT

Method of Exploration: Hand Auger Hole Size: 50 mm Checked: MB
Date: 27/02/18 Logged by: WT/PJ Date: 2/3/18
Note: * indicates signatures on origing
issue of log or last revision of log
~ 2 Material Description 38
= @ x :’) SOIL TYPE, colour, structure, minor components (origin), o 55 Commeéents
- | _ 2 o0 = © and Sgo2 3
2 = g é £8 o OF ROCK TYPE, colour, grain size, structure, 2 gee ObserVations
312 Beos 2 5 L& weathering, strength =388
raaal OL | Topsoll, dark brown. Damp. M| L
v i
AAAARALA
AAAAAAAA
< larattet
HA_C.45 01 e =941 'SP Medium Sand, grey. Loose, damp, some brick p | L |PID-0.1PPM i
b@_ ‘of fragments. Fill.
O O-
. o 4
do i
0.2 'fn‘e'{ﬂ ] i
aaa sl OL/ | Organic soil, dark brown. Moderately packed M | MD
“aramatal  OH | damp. Suspect previous topsoil layer.
AAAAAAAA
AAAAAAAA
AAAAAAAA
AAI\AAAAA
ARARARAR J
AMAAAALA
AAAAAAAA
AAI\AAAAA
AAAAAAAA
AAAAAAAA
AAAAAAAA
AAAAAAAA -
AAI\AAAAA
AAAI\AAA:
AMAAAALA
AAAAAAAA
AAI\AAAAA
ApAAARAL
AAAAAA PID - 0.5 PPM '
AAAA
AAAAAALA
AAAAAAAA
AAAA
AAAAAAAA
A AN A A
AAAAAAAA
0.60 " 4" ASA W i
MH Silt, grey/brown. Firm, damp, homogenous. M| F
" J
g
=
(m]
()
w
=
=
& J
=
w
(=
o
AL
(5
[a]
I
o
P J
O
s
9
(
2 End of hand auger at 1
L. HA_C_45 10 - mettes: Target Depth: PID - 1.0 PPM
‘_ i —_———
a
‘E See :standard she'et.s for — GHD Christchurch Job No.
| details of abbreviations @ Level 3, 1387 Victoria Street, Christchurch, 8013 5137675
g & basis of descriptions PH : 03378 0900 www.ghd.com
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== HAND AUGER LOG
EHB [imited Ste Identfcaton: 47A-HA
mite PO Box 13468
- Chr stchurch 8141 Sheet10of1
Project: G DSl Coordinates: §9(2)(a) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 2.0m
Site: s 9(2)(a) Commenced: 09 Jan 18 Contractor:
Job No.: 51/37675 Completed: 09 Jan 18
Equipment: 50 mm hand auger Logged: DJ
Shear Vane: Processed: | HJ
Hole Diameter (mm): Checked: MB
s
= SOIL DESCRIPTION (Soll Code), Soil 5| 2 3
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
P 2 § S E [zoning, defects, cementing], plasticity o g 8 (] & Comments S
E £ .2 o | .8 or grain size, secondary components, o 85| Fc|Z
=l . l=l2 2| structure. S5la3 2|2 2
E|8|€|2| 8|9 (Geological Formation) % |0 g-% g- <
8' o % 8 g 8 © g 3 &9 | & 8'
o|2|a|lo]|] o |0 = o v [ » a
x = ML [ TOPSOIL: Sandy SILT; dark brown. Mo st. M 52
% X 47A-HA DepthiQ 1
X X|
X ¢ X
040 x
* . X ML| SILT; brown. Most. M
X G X
X X
x = X|
X X X|
X % X|
» 100
SAND; brown. Mo st. M
1| 47A-HA Depth 1 4
150
SAND; brown. Wet. w
> 200
Term nat on Depth = 2p1TD)
-3
-4
5










' l1 . Ste Identfcaton: 223-BH
@ %7ﬁmlted PO Box 13468
- Chr stchurch 8141 Sheet1of1
Project: EREE DSl Coordinates: §9(2)(@) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 4.8m
Site: s 9(2)(a) Commenced: 18 Jan 18 Contractor: McM an Dr ng
Job No.: 51/37675 Completed: 18 Jan 18
Equipment: AMS 259 Logged: HJ
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
= SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5 5 Name [minor MAJORY], colour, structure 5[=2 Sample/ Test Reco ds <
o = & g [zoning, defects, cementing], plasticity o248 §2 o & Comments
£ el8] 2|8 or grain size, secondary components, o |52 ~ 4 8
= |2 § & structure. 523 2€ |2 @
E|ls|€|2|1 5|9 (Geological Formation) % (o g 3 % £
g|l=(8|8| ¢ |= 5 (63 &9 | & &
o2 |(a|lo| o |0 = o) v (o a
| X 7 ML | TOPSOIL: SILT w th root ets; dark brown. Mo st. M |
x x|
- x x X B
- X X X E
- X x X =
- X x X e
- X X X e
- x X x| -
| 080 x |
<. ¥ SM| S ty fne SAND, trace root ets, trace sma back M
i ST nc us ons; brown. Mo st. i
._1 x. 1 . % 1 -
| x: x X ]
| 120 o . 10 |
| F ne SAND, some s t; brown. Mo st to wet. I\Vf; BFELL2 ]
._2 2_
I 1| from 26 m: saturated. s
._3 . 3_
: 320 R from 3.1 m: mnor ron stanng. 1
“ 0 X[ sM| S ty SAND; brown. Saturated. S 233-BH32
r £ X . x T
| § G ¥< ) J
| ™ ' X ]
o« XX
B é x x. )< 4
) x" x x| )
9 - Xe i
2 nEa
v s ]
L4 i " o 4]
| x: X " _
L ;< X. ;( p
[ < '
E T ]
- .X' X 'x -
- e I oo 12| 233BH4 5 1
| SAND; grey. Saturated. S ght su phur odour. S |
480 i
Term nat on Depth = 4.8m (TD) ]
5 5+

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18

BOREHOLE LOG










HAND AUGER LOG

' l1 . Ste Identfcaton: 229-HA
@ %:HB7fimlted PO Box 13468
_ Chr stchurch 8141 Sheet1of1
Project: s92xa) DSl Coordinates: §9(2)(@) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 0.8m
Site: s 9(2)(a) Commenced: 11 Jan 18 Contractor:
Job No.: 51/37675 Completed: 11 Jan 18
Equipment: 50 mm hand auger Logged: DJ
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
P ~|®%|l S| % [zoning, defects, cementing], plasticity o (8 8 ] & Comments S
£ |8 o | © or grain size, secondary components, 2|84 Fc|® &
SIS 2| 2% structure. Sjle3 2 |2
E|8|€|2| 8|9 (Geological Formation) % |0 g- g g- <
g|l=(8|8| ¢ |= 5|63 A | & &
o2 |(a|lo| o |0 = [Ox|ww | » a
% XML SILT w th some grave and trace root ets; M 14
I * X brown. Mo st, 229-H Dep 0 ]
i x X 9 [ 229-H Deptfivg 2 1
- X X X E
- x =
X X
- x e
X X
- X e
X X
i _ x Glass and gritty material at refusal (Fill) 1
5 X e
| Term nat on Depth = 0.8m (R) |
._1 1 -
._2 2_
._3 3_
of i
S| 1
-t i
ol ]
el
i | |
wl i
w | |
3
g} 1
u.1l_4 4
( s e
&
¢ |
o L P
2 |
al ]
]
§' - i
% 5 4
2 |
o
5 ]
I 5-




' -1 5 BOREHOLE LOG Ste Identfcaton: -
@ %:HB7fimlted PO Box 13468 229-WS
- Chr stchurch 8141 Sheet1of1
iact: s 9(2)a
Project: ( X ) DSl Coordinates: 59(2)(a) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 3.0m
Site: S9i2)E) Commenced: 08 Jan 18 Contractor: McMillan Drilling
Job No.: 51/37675 Completed: 08 Jan 18
Equipment: Logged: DJ
Shear Vane: Processed: | HJ
Hole Diameter (mm): Checked: MB
s
= SOIL DESCRIPTION (Soil Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
e ~|®%|l S| % [zoning, defects, cementing], plasticity o (8 8 (] & Comments
£ £l 8 o | © or grain size, secondary components, o |85l Fc|Z 8
(.2 2 |= structure. 523 25| 2 i
E|8|€|2| 8|9 (Geological Formation) (2w g- g g- ‘55_
21888 & |= 5|63 89| & @
o2 |(a|lo| o |0 = 0| wes |0 a
x XML TOPSOIL: SILT w th m nor sand and trace rootets} | M
i 'k dark brown. Mo st. 1
- x PID 0.9 1
| 0.30 x ]
SP | FILL: SILT, some br ck fragments; dark brown. M
i Mo st. 1
| 0.50 ¢ ]
- * e SILT, brown, low plasticity. Wet .
| X x| _
X x x|
! % i
X |
i x x x| M -
._1 5 X N 1 -4
L x X « 4
X
B g% _
= 'x_ B
| Silty SAND,brown. Wet to saturated w-s |
i 131 229 BH Depth 15 1
- PID 2.6 1
._2 2_
| " ]
| é 230 ]
- S From 2.3, becoming'F ne to med um SAND, = 1
s - brown. Mo s -
A |
i 12{ 229 BHDepth 25 1
- PID 3.1 1
3 3.00 3
| Term nat on Depth = 3.0m (R) J
of i
Sl 1
} _
ol _
™
i | |
wl _
w | |
3
af :
u.1l_4 4
( s e
8
i J i
o L P
1 i
N § |
A
§' 5 i
% | .
2 _
o
5 _
% 5 5+




p l1 . Ste Identfcaton: 231-BH
@ %7ﬁmlted PO Box 13468
- Chr stchurch 8141 Sheet1of1
Project: s9(2)Ka) DSl Coordinates: ES9(2)() Datum: NZTM2000
Client: Environment Canterbury Total Depth: 4.0m
Site: s 9(2)(a) Commenced: 19 Jan 18 Contractor: McM an Dr ng
Job No.: 51/37675 Completed: 19 Jan 18
Equipment: AMS 259 Logged: HJ
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soil Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds 5
= =8| 3 |%® [zoning, defects, cementing], plasticity o |28 S & Comments 8
E £ .2 o | .8 or grain size, secondary components, P § ol Fe |2
Z|l.|T|2| 2|8 structure. 5a3 2w |2 s
sls|s|L| 5|32 (Geological Formation) B|eg| g g g S
=88 (= 5|63 A | & &
o|S|alo| o |0 = 0| s |0 a
I X 3| ML| TOPSOIL: SILT; dark brown. Most. M s | 231 BH Depth 0.1 ]
I 020 * x ] i
FILL: SILT, m nor f ne grave, br ck, charcoa ; dark M
i brown. Mo st. .
._1 1 -
- 23] 231-BH-12 1
- PD219 E
L g .
i © 1150 |
| o F ne SAND; brown sh grey. Wet. w |
©
I g ]
- § e
I S i
L, | ¥ 25| 231-8H-20 27
| 24( 231-BH-2.4
| 260 |
Saridy f.ne to med um GRAVEL,; grey. Saturated. S
i Subrouhded to subangu ar, sand, f ne to med um. i
._3 3_
L ]
L4 400 44
| Term nat on Depth = 4m (R) |
t i
5 5

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18

BOREHOLE LOG







BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18

WINDOW SAMPLE LOG

> .1%3457[} ited Ste Identfcaton: 231-WNS
@ mite PO Box 13468
- Chr stchurch 8141 Sheet1of1

Project: s 9(2)(a) DSl Datum:

Client: Environment Canterbury Total Depth: 1.0m

Site: s 9(2)(a) Commenced: 11 Jan 18 Contractor: Van Wat

Job No.: 51/37675 Completed: 11 Jan 18

Equipment: Logged: DJ

Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
= SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E

P 2 § SI% [zoning, defects, cementing], plasticity o (8 8 (] & Comments S

E ElL| o |2 or grain size, secondary components, o |8l Fc|Z

AR IR structure. 503 25 |2 i

E|8|€|2| 8|9 (Geological Formation) % |0 g-% g- <

gls|8|8| E|= 5 (63 &9 | & &

o|2|a|lo]|] o |0 = 0| wes |0 a

~ ] ML| TOPSOIL; SILT; dark brown. 70| 231_W Deptn 0.1
020
S ty f ne to med um SAND; brown sh grey.
7 239, WDeph o5
D08
Y [080
F ne to coarse GRAVEL, subrounded; grey. S
P Saturated.

Term nat on Depth = 1m (R)










TEST PIT LOG SHEET WITH WELL PIEZOMETER

Client-D-027F#vironment Canterbury
Project: s9@2)@) DSI
Location: s

HOLE No. HA_C_233

SHEET 1 OF 1

Position: NA

Surface RL: NA

Processed: WT

& basis of descriptions

PH:03 378 0900 www.ghd.com

Method of Exploration: Hand Auger Hole Size: 50mm Checked: MB
Date: 27/02/18 Logged by: WT/PJ Date: 2/3/18
Nc_te: * imii::ates Tigrt\atu@_s m;ggn&
Issue of log or last revision
~ 2 Material Description 38
g @ 9\5 " :_’) 5 SOIL TYPE, colour, structuarﬁaminor components (origin), © .5 & T_i Commeénts
“ = = SEo= i
2 = g é £8 o OF ROCK TYPE, colour, grain size, structure, 2 gee ObserVations
312 Beos 2 5 L& weathering, strength =388
aaaa ] Ol Silty Topsoil, brown. Loosely packed, damp, trace SM| L
“amataral OH | organics.
AAAAAAAA
AAAAAAAA
AAAAAAAA
AAAAI\AAA
(R [ R i
ML Silt, grey/brown. Moderately packed, dry. p mp|PID-0.6 PPM
HA_C 233 03 1
0.50 J
1V ML¥, /] "Sandy Silt, grey/brown. Moderatly packed, damp, trace | m | mp|PID - 0.6 PPM
/ Mi 4, wood.
| 07d ] // .
® N ;2|; SP- Silty Sand with minor gravel, grey. Moderatly packed, M [ MD
& | SM damp, 2-5mm rounded gravel increasing with depth.
3 R
E N
9 et
[ A
3 sl
al s o -
[
Lol
o Jei
2 eal; ]
] :
= o
2 e
o : -
S | | End of hand auger at 1
§ . HAC 23310 ey metres. Target Depth. PID - 0.5 PPM
= ——
; See standard sheets for — GHD Christchurch Job No.
£l details of abbreviations @ Level 3, 1387 Victoria Street, Christchurch, 8013 5137675
g —
O
















HAND AUGER LOG

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18

' l1 . Ste Identfcaton: 233-HA
@ t{ﬁﬁﬁmlted PO Box 13468
_ Chr stchurch 8141 Sheet10of1
Project: s 9(2)(a) DSl Datum:
Client: Environment Canterbury Total Depth: 0.6m
Site: s 9(2)(a) Commenced: 10 Jan 18 Contractor:
Job No.: 51/37675 Completed: 10 Jan 18
Equipment: 50 mm hand auger Logged: DJ
Shear Vane: Processed: | HJ
Hole Diameter (mm): Checked: MB
s
= SOIL DESCRIPTION (Soll Code), Soil 5| 2 3
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
e =~|®| 9 E [zoning, defects, cementing], plasticity o g 8 (] & Comments
£ £l 8 o | © or grain size, secondary components, o |85l Fc|Z 8
(.2 2 |= structure. 523 25| 2 @
E|8|€|2| 8|9 (Geological Formation) % |0 g-% g- <
8' o % 8 g 8 © g 3 &9 | & %
o|2|a|lo]|] o |0 = o v [ » a
< ] ML| SILT; ght brown. Dry. =
< % 233_HA Depffig 1
X X|
X ¢ X
X x X|
050 X
060 * I ML| Fne sandy SILT; ght brown. Most. M
Term nat on Depth = 0.6m (R)
=1
<2
-3
-4
5




—1 WINDOW SAMPLE LOG Ste Identfcaton:
Y/ Cimi
ﬁﬁﬁ mited PO Box 13468 2
@ Chr stchurch 8141 233 WNS Sheet1of1
Project: s 9(2)(a) DSl Datum:
Client: Environment Canterbury Total Depth: 3.0m
Site: s 9(2)(a) Commenced: 11 Jan 18 Contractor: Van Wat
Job No.: 51/37675 Completed: 11 Jan 18
Equipment: Logged: DJ
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
= SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds 5
- %l S| %8 [zoning, defects, cementing], plasticity olg8 o & Comments 8
£ £ § O or grain size, secondary components, ® 5 ® (= o 4
e I el I~ § & structure. 53 2|2 i
sls|s|L| 5|32 (Geological Formation) B|eg| g g g S
g|l=(8|8| ¢ |= 5 (63 &9 | & &
o2 |(a|lo| o |0 = o) v (o a
C— . ;
| 010 x | ML | TOPSOIL: SILT; dark brown. Mo st. M 62 233_W Deptheg.1 |
FILL: Brck, ceramcs, gass, sag naSILT matrx;| | M
i dark brown sh b ack. Mo st. 1
._1 1 -
i 6 1233 WDepth 15 1
- PD13 .
I 150 Z
| S ty fne to med um SAND, Some toarse gra ned; M i
grey w th trace orange stan “g. Mo st.
._2 2_
i 111 233 W Depth 2 4 1
L | ¥ PD27 ]
Sandy f né to med um GRAVEL, subrounded; grey] | S
i Satua,ed: i
! -
3 300 P 3
| Term nat on Depth = 3m (R) ]
I |
_4 4_
t |
5 5+

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18




&

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18

GHB' Limited

BOREHOLE LOG

Ste Identfcaton:

PO Box 13468
Chr stchurch 8141 235A-BH1 Sheet1of1
Project: s9(2)Ka) DSl Coordinates: §9(2)(a) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 4.8m
Site: s 9(2)(a) Commenced: 18 Jan 18 Contractor: McM an Dr ng
Job No.: 51/37675 Completed: 18 Jan 18
Equipment: AMS 259 Logged: HJ
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
= SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5[=2 §: . Sample/ Test Reco ds %
_— - | ® -t .g [m'“"Q, defects, Wl‘*'ﬁ"gl' plasticity (&) = 3 (=] & cOnmnw
£ |8 o | .8 or grain size, secondary components, o §¢, . |2 3
Sl 2|2 2 |E structure. Sz 25|2 <
E|8|€|2| 8|9 (Geological Formation) (2w g- g g- <
g = 8|8 | 5|63 80| & g
o2 |(a|lo| o |0 = o) v (o a
C— . ;
| X ML Ig;?OIL SILT; dark brown. Mo st. Hydrocarbon M 26 | 235A 01_04pDOY |
| 020 x : |
FILL: SILT, some br ck, ceram cs, wood, g ass; w
I Wet. ]
._1 1 -
s 131 235A 01 0.1 .
: from 1.8 m: Poor recovery.
._2 2_
- 141 235 01-24 1
I 250 |
Y OL | Organ és/SILT: back. Wet. Hydrocarbon odour. w
I 7(/ \‘)"/ |
K. .X
I R ]
| # i
| [l % |
X x
L3 M 3
| 310 | i
| “U "ML | SILT, m nor f ne sand, trace root ets and wood w |
g % fragments; grey. Wet. S ght su phur odour.
I ]
| b N X| |
x X
L x -1
x X
- X e
X X
X 4
X X
x 4
x x|
X 4
x X
-4 X * | 44
L x E
X X
L X E
x x|
X
I- X % x| )
E s & o ]
| 450 X E
- “| GP| Sand GRAVEL; grey. Wet. subangu ar to w -
i 3 _Qv_ : subrounded. 235A 01_48 )
I 480 o %'u‘
Term nat on Depth = 4.8m (TD) ]
5 5




BOREHOLE LOG

—1 ST Ste Ident fcat on:
mited PO Box 13468
@ Chr stchurch 8141 235A-B H2 Sheet1of1
Project: EREE DSl Coordinates: §9(2)(@) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 4.2m
Site: s 9(2)(a) Commenced: 18 Jan 18 Contractor: McM an Dr ng
Job No.: 51/37675 Completed: 18 Jan 18
Equipment: Logged: HJ
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soil Code), Soil 5| 2 B
5| g 5 Name [minor MAJOR], colour, structure 5[=8 §: ) Sample/ Test Reco ds 5
= =8| 3 |%® [zoning, defects, cementing], plasticity o |28 S & Comments 8
£ ElL| o |2 or grain size, secondary components, o §¢, . |2 -
=12 & |E structure. S|le3 2 |2
sls|s|L| 5|32 (Geological Formation) B|eg| g g g S
=88 (= 5|63 A | & &
o|S|alo| o |0 = 0| s |0 a
| 010 ¥ | ML| TOPSOIL: SILT, dark brown. Most. M ]
FILL: SILT, m nor sand, g ass, br ck and ceramcs;| | M
i most. |
- 1 1 -
- 27 235A 0212 1
- PD120 E
- 2 2 -t
- 3 3 -
L ]
| 340 28 ]
| SAND, m nor s t, m nor root ets; grey. Wet. w 235/.02.34 |
L4 400 44
| Sandy f ne to med um GRAVEL; saturated. S 29 |
420 Subrounded to subangu ar. 235A-BH02-4 1
: Term naton Depth = 4.2m (R) PD20 :
|
5 5

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18




HAND AUGER LOG

' l1 . Ste Identfcaton: 235A-HA
@ t{ﬁﬁﬁmlted PO Box 13468
- Chr stchurch 8141 Sheet1of1
Project: s92xa) DSl Coordinates: §9(2)(@) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 0.9m
Site: s 9(2)(a) Commenced: 11 Jan 18 Contractor:
Job No.: 51/37675 Completed: 11 Jan 18
Equipment: 50 mm hand auger Logged: DJ
Shear Vane: Processed: | HJ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
e ~|®%|l S| % [zoning, defects, cementing], plasticity o (8 8 ] & Comments
£ £l 8 o or grain size, secondary components, o8l Fe|® 3
> I e - g & structure. 53 2|2 s
E|8|€|2| 8|9 (Geological Formation) % |0 g- g g- <
g|l=(8|8| ¢ |= 5|63 A | & &
o2 |(a|lo| o |0 = [Ox|ww | » a
%% FILL: SILT, some na s and g ass; dark brown. M 19
i 0’0.0 Mo st. 235A-HA Depth 0 1 )
- XX |
XD
I 0% ﬁ
4 Term nat on Depth = 0.9m (R) 4-
- 2 2 -t
- 3 3 -
of i
S| 1
-t i
ol ]
el
i | |
wl i
w | |
3
g} 1
wy 4 4
( s e
&
¢ |
o L P
2 |
al ]
]
§' - i
% 5 4
2 |
o
5 ]
I 5-




HAND AUGER LOG

Ste Identfcaton: 235-HA

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18

@ t{ﬁﬁﬁmlted PO Box 13468
- Chr stchurch 8141 Sheet1of1
Project: G DSl Coordinates: §9(2)(a) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 0.6m
Site: s 9(2)(a) Commenced: 10 Jan 18 Contractor:
Job No.: 51/37675 Completed: 10 Jan 18
Equipment: 50 mm hand auger Logged: DJ
Shear Vane: Processed: | HJ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soil Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5 =4 §: . Sample/ Test Reco ds E
P ~|®%|l S| % [zoning, defects, cementing], plasticity o (8 a ] & Comments S
E £l 8 o | .8 or grain size, secondary components, o |8l Fc|Z
AR IR structure. 523 2|2 s
E|8|€|2| 8|9 (Geological Formation) % |0 g-% g- <
g|l=(8|8| ¢ |= 5|63 A | & &
o|S|alo| o |0 = [Ox|ww | » a
X XML F ne to med um grave y SILT; brown. Mo st. M 36
x X 235_HA Depffi 1
x X
X ¢ X
X * X
X * X
060 x
Term nat on Depth = 0.6m (C)
-1
-2
-3
-4
5




BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18

' (imi
ﬁﬁﬁ mited PO Box 13468 5
@. - Chr stchurch 8141 235 WNS Sheet1of1
Project: EREE DSl Coordinates: ES9(2)(@) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 4.0m
Site: s 9(2)(a) Commenced: 10 Jan 18 Contractor: Van Wat
Job No.: 51/37675 Completed: 10 Jan 18
Equipment: Logged: DJ
Shear Vane: Processed: | HJ
Hole Diameter (mm): Checked: MB
s
= SOIL DESCRIPTION (Soil Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds 5
_ = § S 18 [zoning, defects, cementing], plasticity o g 3 o & Co nis 3
E £ .2 o | .8 or grain size, secondary components, o 85| Fc|Z mme
Z|l.|T|2| 2|8 structure. 5a3 2w |2 s
E|ls|€|2|1 5|9 (Geological Formation) % [e%| g s g £
|5 & ] | 5|63 80| & g
o2 |(a|lo| o |0 = o) v (o a
00| [ = | M| TOPSOIL _
FILL: SILT w th traces of br ck, D
ceram cs,g ass,s ag,meta . Dry. 1
43 235, WNS Depth 05P D 26 1
._1 1 -
40| 235 WNS Depth15P D 08 1
._2 2_
38| 235 WNS Depth25P D 02 1
B 300 37 o}
. K2 %4 OL | Organ ¢ SILT w th trace wood; brown. Mosst. M 235 WNS Depih 3.0P D42 8 |
AN
S Recovery oss (compressed?) 1
F :
X x
Y o -
% x\\x, 4
e 44
R 235_WNS Depth 36 P D 3 6 1
e W 1
L4 400 x\\—b xij 4
Term nat on Depth = 4m (R) |
5 5+




&

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18

GHB' Limited

WINDOW SAMPLE LOG

Ste ldent fcaton:

PO Box 13468 -
Chr stchurch 8141 235 WN D Sheet10f1
Project: s9(2)Ka) DSl Coordinates: §9(2)(a) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 4.0m
Site: s 9(2)(a) Commenced: 10 Jan 18 Contractor: Van Wat
Job No.: 51/37675 Completed: 10 Jan 18
Equipment: Logged: DJ
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB.
s
= SOIL DESCRIPTION (Soil Code), Soil 5| 2 B
5 2|8 Name [minor MAJOR], colour, structure §[=2 g ) Sample/ Test Reco ds %
_— - | ® -t .g [m'“"Q, defects, Wl‘*'ﬁ"gl' plasticity (&) = 3 (=] & cOnmnw 8
£ |8 o | © or grain size, secondary components, o §¢, . |2 &
: - : gj E = structure. 3 |22 2% 2 L
AHEIEIR AN (Geological Formation) % [ag| 8 g g S
g =1 8(8| € |= 5|63 89| & g
o2 |(a|lo| o |0 = o) v (o a
[ 00| [ = | M| TOPSOIL _
FILL: SILT w th g ass, br ck chunks (<80mm),
I ceram cs, s ag, meta. |
- 451 235 . WND Depth 0 3 1
._1 1 -
i 49 235 WND Depth 1.5P D 2 4 1
._2 2_
| 250 46 i
U2 oL | Organ é SILT, trace root ets; b ack. Wet. Pungent | | W 23 P DEpZoRD108
i 7(/ n\ odou i
[
I ) Ty o] i
X x
L3 300 _;"; Al 34
| X 2 SM| S ty SAND; grey. Wet. Strong organ ¢ odour. w |
I A ]
X g X
I e~ x T
| . X . 4
X+ X
3 e g 51 235 WND Depth 35P D96 T
s _ pth 3.
i X, . X )
. X . 4
X+ o+ X
X |
X . ¥
-3 ]
oo s X
L4 400 . X . 4
| Term nat on Depth = 4m (C) |
t _
5 5




HAND AUGER LOG

' l1 . Ste Identfcaton: 237-HA
@ t{ﬁﬁﬁmlted PO Box 13468
- Chr stchurch 8141 Sheet1of1
Project: s92xa) Coordinates: §9(2)(@) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 1.3m
Site: s 9(2)(a) Commenced: 10 Jan 18 Contractor:
Job No.: 51/37675 Completed: 10 Jan 18
Equipment: 50 mm hand auger Logged: DJ
Shear Vane: Processed: | HJ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
P ~|®%|l S| % [zoning, defects, cementing], plasticity o (8 8 ] & Comments S
E £l 8 o | .8 or grain size, secondary components, o |8l Fc|Z
(.2 2 |= structure. 53 2|2 s
E|8|€|2| 8|9 (Geological Formation) % |0 g- g g- <
g|l=(8|8| ¢ |= 5 (63 &9 | & &
o2 |(a|lo| o |0 = [Ox|ww | » a
x 3 ML [ TOPSOIL: SILT; brown. Dry. D 20
i x " x| 237_HA Deptig 1 1
I 1y ]
- X E
X X
- x =
X X
| 050 X 4
| * « [ ML| SILT; brown. Most. M |
X X
- X -
X X
5 X e
X X|
- X -
X X
L1 100 X 1
| * x | ML| SILT wth some f ne sand; grey. Wet. W, |
X X
- T x 42| 237 HA Depth 12 1
I 130 x |
| Term nat on Depth = 1.3m (R) ]
- 2 2 -t
- 3 3 -
of i
S| 1
-t i
ol ]
el
i | |
wl i
w, | |
3
gt 1
wy 4 4
( s e
&
¢ |
o L P
2 |
al ]
]
§' - i
% | .
2 i
o
5 ]
% 5 5




BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18

' l1 . Ste Identfcaton: 237 -W
@ ﬁﬁ?Eimlted PO Box 13468
- Chr stchurch 8141 Sheet1of1
Project: s 9(2)(a) DSl Datum: NZTM2000
Client: Environment Canterbury Total Depth: 3.8m
Site: s 9(2)(a) Commenced: 10 Jan 18 Contractor: Van Wat
Job No.: 51/37675 Completed: 10 Jan 18
Equipment: Logged: DJ
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soll Code), Soil 5| 3 t
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
- %l S| %8 [zoning, defects, cementing], plasticity olg8 o & Comments
[ £ § o o or grain size, secondary components, o (8% l—_: 4 8
=12 & |E structure. 5la3 s |2 «
E(ls|€|2| 5|9 (Geological Formation) % [ag| 8 3 g £
|5 & ] | 5|63 80| & g
o2 |(a|lo| o |0 = 0| wes |0 a
C—
ML | TOPSOIL: SILT, trace f ne sand; dark brown. M
o X Most. aoRtne ) 67| 237 _W Depth,0.1 |
x % X T
x E
X X
x =
050 X .x X |
X X[ sM| S ty SAND; ght brown. Mo st. M |
%] l
X . X
AL |
360 50
b X . ]
™ 100 iy x a 1
* x | ML SILT, trace f ne sand; dark brown. Mosst. M |
120 i :
R EIE ty f ne to med um SAND; greyey brown. Mo st. M |
X . X
o
X 39( 237_wDepth 15 1
"y ]
X . X
s from 1.8 m: mott ed orange ]
X+ X
L2 . 5‘ ) 2]
ok |
X, ', X
. X . 4
X+ o+ X
s ]
X « X
g _
X, ., X
- z X 411 237 WDepth 25 1
LR .
s ]
X, ", X
LOx . i
X+ =+ X
o ]
-3 | ¥ (2 x 3 : 3
" +-4C[ GP| Sandy f ne to coarse GRAVEL, subrounded; grey. S
49 Saturated. ]
Y .° l
L7, o |
;O. -oc -
e o |
:v. . : g .
380 zﬂ’o. )
Term nat on Depth = 3.8m (R) ]
_4 4_
5 5




. Ste Identfcaton: 1/3-BH
(D) B Cimited s
- Chr stchurch 8141 Sheet1of1
Project: EREE Coordinates: §9(2)(@) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 4.6m
Site: s 9(2)(a) Commenced: 16 Jan 18 Contractor: McM an Dr ng
Job No.: 51/37675 Completed: 16 Jan 18
Equipment: AMS 259 Logged: LP
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
N
£ SOIL DESCRIPTION (Soll Code), Soil 5| & s ol T. - E
S| g 5 Name [minor MAJOR], colour, structure 5 > 2 §: . ample/ Test Reco g
- ~|®| S| § [zoning, defects, cementing], plasticity (s} g a o & Comments 8
£ £|8 o | .8 or grain size, secondary components, o 83| F < |2 3
sl=|=l8 = |%& structure. 528 2€ |2 @
£|ls(€[2]| €% (Geological Formation) % [ag| 8 g g S
g = 8|8 | 5|69 80| & g
o2 |(a|lo| o |0 = 0| s |0 a
FILL: S ty f ne SAND, trace br ck, g ass, meta, D-M
i grave, s ag, ceram cs, wood; dark brown. Dry to 1
I 18| 1/3_BH Depth 0.2 .
._1 1 -
I A5 1/3_BH_1.2 T
I AVA ]
__2 from 2.0 m to 2.4 m: da'keb ack, o odour. T | pHbcplie g 2~_
._3 300 3_
| F ne SAND; grey. Wet. W ]
| 330 i
| Sandy f ne to med um GRAVEL; grey. Wet. w ]
- - | 173_BH Depth 3.6 ]
L4 400 d i 44
| ' <] OP| Sandy GRAVEL; grey. Saturated. S |
5 >‘ ‘a 'a' p
o 2
L . Oo m
| o |
R 5 k
i ‘0. ao. 4 )
| 460 2o ]
| Term nat on Depth = 4.6m (TD) 87| 1/3 BH_ 46 |
5 5

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18

BOREHOLE LOG




BOREHOLE LOG
4 EHB [imited Ste ldentfcaton:  1/5-BH
@ mite PO Box 13468
- Chr stchurch 8141 Sheet1of1
Project: s92xa) DSl Coordinates: §9(2)(@) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 4.8m
Site: s 9(2)(a) Commenced: 18 Jan 18 Contractor: McM an Dr ng
Job No.: 51/37675 Completed: 18 Jan 18
Equipment: AMS 259 Logged: HJ
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
- =%l S| % [zoning, defects, cementing], plasticity olg8 -] & Comments
£ £l8 o | © or grain size, secondary components, o |85l Fc|Z 3
AR IR structure. 503 25 |2 i
E|8|€|2| 8|9 (Geological Formation) % |0 g- g g- <
g|l=(8|8| ¢ |= 5|63 A | & &
o2 |(a|lo| o |0 = [Ox|ww | » a
X | ML| F ne sandy SILT, trace wood fragments; brown M 1/5 BH 01
i ¥ . X wth back mott ng. Mo st. - - 1
I 1y ]
- X E
X X
- x =
X X
- x e
X X
- X e
X X
- X -
X X
5 x e
X X
- X -
X X
-1 ” X % 14
- x -
X X
- T x 2 |45 BH 12 1
= X B
X X
- x e
X X
- X -
| 160 * x i
| SAND, some s t; brown. Mosst. M |
L § "
._2 : 2_
s ; -
I & ]
- % from 2.25 m: G ey. Wet. w 1
| * 1 i
| \vA from 2.4 m: Saturated. S 1/5_BH 24 |
._3 3_
| 330 ]
| Sandy f ne to med um GRAVEL; brown. Saturated| | S |
- 3 | 15 BH_ 36 1
_4 4_
t i
480 i
Term nat on Depth = 4.8m (TD) ]
5 5

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18




HAND AUGER LOG

' l1 . Ste Identfcaton: 1/5-HA
@ %:HB7fimlted PO Box 13468
_ Chr stchurch 8141 Sheet1of1
Project: s92xa) DSl Coordinates: §9(2)(@) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 2.0m
Site: s 9(2)(a) Commenced: 11 Nov 18 Contractor:
Job No.: 51/37675 Completed: 11 Nov 18
Equipment: Logged: DJ
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
= SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
P ~|®%|l S| % [zoning, defects, cementing], plasticity o (8 8 (] & Comments S
£ £ § O or grain size, secondary components, o8, [ o 4
> I e - g & structure. 53 2|2 s
E|8|€|2| 8|9 (Geological Formation) % |0 g- g g- <
gls|8|8| E|= 5 (63 &9 | & &
o2 |(a|lo| o |0 = 0| wes |0 a
x 3 ML [ TOPSOIL: SILT; dark brown. Mo st. M 15
i x X 1/5_HA DeptfiQ 1 1
I 1y i
| 030 !
| VOID. |
| 060 _
| Sandy SILY; brown. Mo st. M |
._1 1 -
| 110 |
| SAND; brown. Wet. W ]
> 200 2
Term nat on Depth = 2p1TD)
- 161 1/5_HA Depth 2.0 1
._3 3_
of _
Sl 1
-t _
ol ]
™
i | |
wl ]
w, | |
3
gt 1
u.1l_4 4
( s e
&
¢ _
o L P
2 |
L ]
A
§' - i
% | .
2 i
o
5 ]
I 5-




e, WINDOW SAMPLE LOG
EHB [imited Ste Identfcaton: 2/5 - WNS
mite PO Box 13468
- Chr stchurch 8141 Sheet1of1
Project: G DSl Coordinates: 59(2)(a) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 2.5m
Site: s 9(2)(a) Commenced: 08 Jan 18 Contractor: Van Wat
Job No.: 51/37675 Completed: 08 Jan 18
Equipment: Logged: LP
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
= 2o § S|% [zoning, defects, cementing], plasticity o (8 a o & Comments s
E £ .2 o | .8 or grain size, secondary components, o 85| Fc|Z
SIS 2| 2% structure. 5la3 s |2 *a
E|8|€|2| 8|9 (Geological Formation) % |0 g- g g- <
8' o % 8 S |s © g 3 8O | & 8'
o2 |(a|lo| o |0 = 0| wes |0 a
x XML TOPSOIL: SILT, trace root ets, trace f ne sand; M
i ¥ " brown. Mo st. 1
- x X 56( 5A WNS-Deépth 0 2 1
| o3| xV ] i |
| F ne to med um SAND, some s t; brown. Most. M i
—_ 1 from 0.9 m: trace orange mott ng. Wet. w 1 _
§ 75| 5A_WNS Depth 1.5 k
._2 2_
: 250
B Term.na‘on Depth = 2.5m (TD) 72| 5A_WNS Depth 2.5 |
._3 3_
?3 i 4
S| 1
[a] I p
of |
el
i | 1
> 4
w | 4
3
s} 1
u.1l_4 4
< | .
&
P-4 i 2]
of |
2 |
I | |
]
b 8 |
2 i
o
5 |
% 5 5




HAND AUGER LOG

' .1 . Ste Identfcaton: TA (1/7 -HAI
@ %:HB7fimlted PO Box 13468 ( )
_ Chr stchurch 8141 Sheet1of1
Project: s92xa) DSl Coordinates: §9(2)(@) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 2.0m
Site: s 9(2)(a) Commenced: 11 Jan 18 Contractor:
Job No.: 51/37675 Completed: 11 Jan 18
Equipment: Logged: DJ
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
P ~|®%|l S| % [zoning, defects, cementing], plasticity o (8 8 ] & Comments S
E £l 8 o | .8 or grain size, secondary components, o |8l Fc|Z
(.2 2 |= structure. 523 25| 2 i
E|8|€|2| 8|9 (Geological Formation) % |0 g- g g- <
g|l=(8|8| ¢ |= 5 (63 &9 | & &
o2 |(a|lo| o |0 = [Ox|ww | » a
% | ML | SILT; dark brown. Wet. W -
i x X 7A_HA DepthQ.1 1
I 1y i
- X E
X X
- x =
X X
| 050 X 4
| * « X ML| Sandy SILT; grey brown. Wet. w |
- i X g -
X X
| 080 x ]
| SAND; ght brown. Wet. w |
._1 1 -
i 21 7A_HADepth 15 1
| 170 i
SAND; ght brown w th some mott'ng, “ome grey.| | W
I Wet. ]
> 200 2
| Term nat on Depth = 2p1TD) ]
._3 3_
of _
S| 1
-t _
ol ]
el
i | |
wl ]
w, | |
3
gt 1
u.1l_4 4
( s e
&
¢ _
o L P
2 |
al ]
]
§' - i
% | .
2 i
o
5 ]
I 5-




—I%HB7G S BOREHOLE LOG Ste Identfcaton: 2/7-BH
@ mited PO Box 13468
- Chr stchurch 8141 Sheet1of1
Project: EREE DSl Coordinates: §9(2)(@) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 4.8m
Site: s 9(2)(a) Commenced: 18 Jan 18 Contractor: McM an Dr ng
Job No.: 51/37675 Completed: 18 Jan 18
Equipment: AMS 259 Logged: HJ
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soil Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds 5
_ - § S 18 [zoning, defects, cementing], plasticity o g 3 P & Co nis 3
E £ .2 o | .8 or grain size, secondary components, o 85| Fc|Z mme
Z|l.|T|2| 2|8 structure. 5la3 s |2 i
sls|s|L| 5|32 (Geological Formation) B|eg| g g g S
=88 (= 5|63 A | & &
o|S|alo| o |0 = 0| s |0 a
| TOPSOIL: SILT w th root ets. D |
| 020 i
| F ne SAND, trace root ets; brown to grey. Dry. D 25) 21_BHALQD2 ]
._1 1 -
- 4 [ 27 BH 12 1
I 150 ]
| SAND, m nor s t, trace rootets; grey wth m nor M i
. brown mott ng. Mo st
._2 2_
I £ . ]
S :
I 8 : ]
=] : from 2.2 m: Wege w 5
- P DR 2/7 BH 2.3 1
! = [240 OO0 ]
| § . X sM| s ty fne SAND:; grey w th brown mott ng. S |
= X =X Saturatéd
- © . x. 4
it X . X
i \VA G |
| i s ]
X+ * X
- € . X. 3 -
X . X
-3 x: x . 34
| . RN .
X4+ X
- & . x. ¥ e
K g X
I e ¥ '
| S |
X+« X
I 350 S e ]
K d GP | Sandy f ne to med um GRAVEL; grey/brown. S
i p - :- ) Saturated. Grave , subrounded, greywacke. i
554
[ 1
2y
-4 ‘0. ?,.:t 4
i 4 Fals |
Lm0,
[ ) 6 -
- Y. 2/7_BH_44 ]
I o ]
- 'a. ‘o.ot .
. i .O_o. i
Term nat on Depth = 4.8m (TD) ]
5 5+

BACKUP NZ BH-V1GPJ NZGN DA A EMPLA EVER13GD 9/2/18




HAND AUGER LOG

' l1 . Ste ldentfcaton:  9-HA
@ %:HB7fimlted PO Box 13468
_ Chr stchurch 8141 Sheet1of1
Project: s92xa) DSl Coordinates: §9(2)(@) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 2.0m
Site: s 9(2)(a) Commenced: Contractor:
Job No.: 51/37675 Completed:
Equipment: 50 mm hand auger Logged: HJ
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
£ SOIL DESCRIPTION (Soll Code), Soil 5| 2 B
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
P ~|®%|l S| % [zoning, defects, cementing], plasticity o (8 8 ] & Comments S
E £l 8 o | .8 or grain size, secondary components, o |8l Fc|Z
(.2 2 |= structure. 523 25| 2 i
E|8|€|2| 8|9 (Geological Formation) % |0 g- g g- <
g|l=(8|8| ¢ |= 5 (63 &9 | & &
o2 |(a|lo| o |0 = [Ox|ww | » a
% | ML | SILT; dark brown. Wet. W =
i x X 9_HA Depthy01 1
I 1y ]
| 030 x ]
| * « " ML [ Sandy SILT; brown. Wet. w |
- i x § e
X X
- X e
X X
- X -
X
| 080 x ]
| SAND; ght brown. Wet. w |
- 1 1 -
I 140 ]
| SAND; ght brown. Saturated. S ]
i 23 9 HA Depth 16 1
> 200 2
| Term nat on Depth = 2p1TD) ]
- 3 3 -
of i
S| 1
-t i
[C] 8 i
el
i | |
wl i
w, | |
3
gt 1
wy 4 4
( s e
&
¢ |
OF i
2 |
al ]
]
§' - i
% | .
2 i
o
5 ]
I 5-




WINDOW SAMPLE LOG

' l1 . Ste Identfcaton: 9-WNS
@ %:HB7fimlted PO Box 13468
- Chr stchurch 8141 Sheet1of1
Project: G DSl Coordinates: 59(2)(a) Datum: NZTM2000
Client: Environment Canterbury Total Depth: 2.6m
Site: s 9(2)(a) Commenced: Contractor: Van Wat
Job No.: 51/37675 Completed:
Equipment: Logged: LP
Shear Vane: Processed: | DMcQ
Hole Diameter (mm): Checked: MB
s
= SOIL DESCRIPTION (Soil Code), Soil 5| 2 3
5 2 5 Name [minor MAJORY], colour, structure 5> 2 §: . Sample/ Test Reco ds E
P 2 § S E [zoning, defects, cementing], plasticity o g 8 (] & Comments S
E £ .8 o or grain size, secondary components, o |8l Fc|Z
> I e - g = structure. 523 25| 2 i
E|8|€|2| 8|9 (Geological Formation) (2w g- g g- ‘55_
21888 & |= 5 |65%| §O | &§ @
o|2|a|lo]|] o |0 = o v [ » a
X XML TOPSOIL: SILT, trace root ets; dark brown. Mo st. M 59
i X ¥ x| 9 WNS DepthQ 1 )
: w5 from 0.2 m: root ets absent.
- * x X =
X X|
| 050 X ]
| * « "] ML| SILT; trace f ne sand; ye ow brown. Most. M |
X X
- X X x| -
5 X X X e
- X X X -
-1 ” x % 14
| x from 1.0 m: becomes mott ed orange. Wet. W i
X X
- X x X| .
= X x x| B
x
i " |
x
: x 81| 9 WNSDepth 1.5 1
- X % X E
x
i Rl |
X
i % " % |
L X % X| .
X
53 2 X % X| 2 -
i x X |
L X ) X E
L X X 4
X
B X X H
X
st X X 4
26 x
[ Terfn hatGn Depth = 2.6m (TD) 79 [ o wNS Depth 2.6
= 3 3 —
of |
Sl 1
-t |
of |
™
i | |
wl |
w, | |
3
gt 1
wy 4 4
( s e
8
¢ |
o L P
1 i
I | |
A
§' 5 i
% | .
2 i
o
5 |
% 5 5+
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Appendix E - Field Data

52 | GHD | Report for Environment Canterbury - §1g(2)(@) 1 Detailed Site Investigation, 51/37675/



5137675

Headspace Readings

Ecan DSI

s 9(2)(a)
Headspace Readings
Table A

1.5 2.4
235_WNS(2) 2.5 10.8
3.5 9.6
37_WNS(1) 2.6 3.5
1.5 4.1
37_WNS(2)
2.6 3.5
1.5 3.2
2.5 4.1
41_WNS 3.5 0.9
4.2 0.5
4.8 2.1
0.4 21
43_BH
4.7 1.3
165 3.2
45_WNS 25 2.5
3.5 3.7
0.1 0.4
45_HA_A 0.5 0.3
1 0
0.1 0.1
45_HA_B 0.5 0.1
1 0.1
0.1 0.1
45_HA_C 0.5 0.5
1 1
0.1 0.6
47A_HA_A 0.5 2.4
1 0.5
0.1 2.4
47A_HA_B 0.5 0.5
1 1

Sample Location Depth (mbgl) PID (ppm)

1.5 5.5
17_WNS 2.6 4.5
3.5 3.4
0.1 0.3
223 HA A 0.5 0.5
1 0.3
0.1 0.3
223 HA_B 0.5 0.5
1 04
231_BH 1.2 21.9
231_WNS 0.5 0.8
1.5 1:3

233_WNS
2.4 2.7
0.1 0.6
233_HA_A 0.5 1.3
1 0.5
0.1 0.6

233_HA_B
0.5 0.6
0.1 0.6
233 HA C 0.5 0.6
1 0.5
0.1 0.3
233 HA_D 0.5 0.3
1 0.3
0.1 0.2

233_HA_F
0.5 0.4
233_HA_G 0.1 0.1
1.1 0.1

235A_BH1
2.4 6.3
1.2 12

235A_BH2

4.2 2

0.5 2.6
1.5 0.8
235_WNS(1) 2.5 0.2
3 4.2
3.8 3.6

mbgl - metre below ground level

ppm - parts per million

13/02/18



Ecan DSI

Depth to groundwater

Depth to Groundwater
Street Location Depth

3A-BH 1.9
5-BH 25
7/2-BH 2.7
231_WNS 0.8

237-HA 1

231 BH 2
233-WNS 25
235_WNS (2) 2.5
235A-BH1 2.5
235A=HA 25

237=WNS 3
235A-BH2 34
233=BH 3.9

229=HA
233-HA

235_HA A
235_WNS(1) NA
235A-HA NA
17 BH* NA
45- 1.5
35 HA 18
37-WNS 2.2
-WNS 2.4
_WNs(1) 2.6
35-BH 2.8
43-BH 2.8
41-WNS 3.6
41-BH 3.9
43-HA2 NA
43-HA1 NA

Table B

13/02/18
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Appendix F - Analytical Results



19-D-02771

Environment Canterbury Detailed Site Investigation

MfE Tier 1 Soil Acceptance Criteria Residential All Pathways4

MfE Gasworks Class A Landfill Canterbury
NEPM 2013 Guidelines Sand Sandy Silt Arceptance Regional
Residential A2 | Residential 10% s Background Soil
produce’ Criteria Concentrations®
<im 1-4m >4m <lm 1-4m >4m
2 1000 = =
- - - - - - - - 100 13
70 2 = - : : - - 200 =
= = = = z & Z = 400 8
: : T - 1 - [ 20 507
= = = = = - < Z 100 T
- - - - - - - - 100 18.8
- - - - - - - - 100 21.4
5 g = “ - 2 & = 4 0.09
400 - - - - - - - 200 19
8000 - . < - - E = 200 84
- - 58 70" g™ 63" 83" | (139" 200 -
= = (1600)(“"’) NA N A(‘) (1600)( p) N A(‘) N A(‘) = =

Map ldentifier 17 Borehole 17 Window Sample
Reference Units LOR Method 18-01469-24 18-01469-88 18-01469-89 18-01469-57 18-01469-65 18-01469-69 18-01469-66
Description 5137675 5137675 5137675 5137675 5137675 5137675 5137675
Sample Description 17_0Depth 0.4 17:0:1.2 17_0_3.2 17_WNS Depth 0.1 17_WNS Depth 1.5 17_WNS Depth 2.6 17_WNS Depth 3.5 NES 2011
Sample Date 11/01/2018 16/01/2018 16/01/2018 8/01/2018 9/01/2018 9/01/2018 9/01/2018 . .
Residential 10%
Sample No. 24 88 89 57 65 69 66 1
produce
QC Type Regular Regular Regular Regular Regular Regular Regular
Depth (m) 0.4 1.2 3.2 0.1 1.5 2.6 3.5
Submitted Sample Type Soil Soil Soil Soil Soil Soil Soil
Total Cyanide mg/kg 0.2 Cyanide - 0.3 - - <0.2 <0.2 - -
Arsenic mg/kg dry wt 0.125 Elements in Soil 12.2 18.9 3.03 13 3.05 5.91 7.84 20
Beryllium mg/kg dry wt 0.013 Elements in Soil 1.91 4.16 0.39 1.28 0.69 0.6 0.58 .
Boron mg/kg dry wt 1.25 Elements in Soil 384 190 203 19.9 3.35 2.49 2.66 >10000
Cadmium mg/kg dry wt 0.005 Elements in Soil 1.24 34 0.13 1.05 0.022 0.024 0.021 3
Chromium mg/kg dry wt 0.125 Elements in Soil 27.9 i 5.11 28.3 11.2 10.3 11 >10000
Chromium(VI) mg/kg 0.4 Cr6+ in Soil <0.4 - - <0.4 <0.4 <0.4 <0.4 460
Copper mg/kg dry wt 0.075 Elements in Soil 123 582 16.3 96.4 6.23 4.86 5.66 >10000
Lead mg/kg dry wt 0.05 Elements in Soil 149 9.42 9.2 9.39 210
Mercury mg/kg dry wt 0.025 Elements in Soil 0.72 0.83 0.14 0.58 0.058 0.026 0.03 310
Nickel mg/kg dry wt 0.05 Elements in Soil 29.8 79.9 7.33 26.6 9.72 8.85 9.55 -
Zinc mg/kg dry wt 0.05 Elements in Soil 321 609 35.5 32 333 -
Benzo[a]pyrene mg/kg 0.01 PAH in Soil - I <0.01 <0.01 = -
Naphthalene mg/kg 0.01 PAH in Soil - - <0.01 <0.01 - -
Pyrene mg/kg 0.02 PAH in Soil - - <0.02 <0.02 = -
Benzo[a]pyrene TEQ (LOR) mg/kg 0.01 PAH in Soil - - 0.03 0.03 - 10
Benzo[a]pyrene TEQ (Zero) mg/kg 0.01 PAH in Soil - - <0.01 <0.01 - %
Asbestos - - - - - No Asbestos Detected - - [
Moisture Content % 1 Moisture = z 16 23 = -
pH pH 1 pH in Soil - - 6.8 - - -
Arsenic g/m3 0.005 SPLP Elements - - - - - -
Cadmium g/m3 0.0001 SPLP Elements - - - - - -
Chromium g/m3 0.002 SPLP Elements - - - - - -
Copper g/m3 0.002 SPLP Elements - - - - P -
Lead g/m3 0.0005 SPLP Elements - - - - L -
Mercury g/m3 0.001 SPLP Elements <0.001 <0.001 - - - - - -
Nickel g/m3 0.002 SPLP Elements 0.007 <0.002 - - - - - -
Zinc g/m3 0.01 SPLP Elements ﬁ . . : . . .
Notes

1 - Values taken from tables B2 and B3 of the National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health (exceeding values in bold red or dark grey filling) o { 9
2- Values taken from table 1A(1) 'Health investigation levels for soil contaminants' of the National Environment Protection (Assessment of Site Contamination) Schedule B1. Investigation Levels For Soil and Groundwater (exceedmg cells in light grey filling)

3- Values taken from table 4.2.7.3 of the Ministry for the Environment Guidelines for Assessing and Managing Contaminated Gasworks Sites in New Zealand (exceeding cells in light blue filling) ,
4- Values taken from table 4.10 of the Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand (exceeding cells in light yellow filling or light green ﬁlllng)
5- Values taken from Appendix A : Total concentration and leachability limits for Class A and Class B landfills of Module 2 - Hazardous waste guidelines : Landfill waste acceptance criteria and landfill classification (exceedlng cells in light orange filling)
6- Values taken from Table 1 of the Canterbury Regional Background Soil Concentrations for a recent soil type (exceeeding values underlined) ;
7- Values taken from table 3.4.1 of the Australia and New Zealand Guidelines for Fresh and Marine Water Quality in accordance with Schedule 5 of the Canterbury Land and Water Regional Plan (exceeding ceIIs in blue f||l|ng)

v - volatilisation
p - produce

- NA indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encountered on site

- Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons
**¥* - Concentrations also exceed the Class A Landfill Acceptance Criteria

TEQ - Toxic Equivalent Quotient

LOR - Limit of Reporting

5137675

5 9(2)(a)
Analytical Results

09/02/18
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sy
D]

Environment Canterbury Detailed Site Investigation

MFE Tier 1 Soil Acceptance Criteria Residential All Pathways”

MfE Gasworks o AL ndnl Canterbury
NEPM 2013 Guidelines Sand Sandy Silt Acceptanca Regional
Residential A2 | Residential 10% s Background Soil
3 Criteria . 6
produce Concentrations
<1lm 1-4m >4m <lm 1-4m >4m
= 1000 z
- - - - - - - - 100 13
70 - - - - - - - 200 -
- - - - - - - - 400 8
- - - - - - - - 20 0.07
= . c - s z z : 100 T
- - - - - - - - 100 18.8
- - - - - - - - 100 214
7 r . - . 3 = z 2 @
400 - - - - - - - 200 19
8000 - - - - - - - 200 84
: : 58" 70" go" 63" 83" | (139" 200 -
z = (1600)(‘ p) NA(’) NA(‘) (1600)( p) NA(’) NA(‘) : z

Map Identifier 35 Borehole 35 Hand Auger

Reference Units LOR Method 18-01469-20 18-01469-94 18-01469-93 18-01469-92 18-01469-91 18-01469-90 18-01469-76 18-01469-71

Description 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675

Sample Description 35_0_0.3 35_0_1.2 35_0_2.0 35_0_2.4 35_0_2.8 350 4.8 35_HA Depth 0.5 35_HA Depth 1.5 —
Sample Date 11/01/2018 16/01/2018 16/01/2018 16/01/2018 16/01/2018 16/01/2018 9/01/2018 9/01/2018 Residential 10%
Sample No. 20 94 93 92 91 90 76 71 1
QC Type Regular Regular Regular Regular Regular Regular Regular Regular produce
Depth 0.3 1.2 2 24 2.8 4.8 0.5 1.5

Submitted Sample Type Soil Soil Soil Soil Soil Soil Soil Soil

Total Cyanide mg/kg 0.2 Cyanide 0.3 0.4 1.38 <0.2 - - 0.3 - -
Arsenic mg/kgdry wt | 0.125 | Elementsinsoil [N ESREEET e 7532 [ e 4.39 2.33 214 3.61 20
Beryllium mg/kg dry wt 0.013 Elements in Soil 104 7.39 8.15 2.35 0.82 0.61 1.83 0.69 -
Boron mg/kg dry wt 1.25 Elements in Soil 498 479 587 274 14.2 10.6 76.5 3.09 >10000
Cadmium mg/kg dry wt 0.005 Elements in Soil 1__0 4__57 E E E E E 0.055 3
Chromium mg/kg dry wt 0.125 Elements in Soil 84.4 84.1 LIS 89.5 19.2 13.7 43.5 11.8 >10000
Chromium(VI) me/kg 0.4 Cr6+ in Soil <0.4 o o o - - <0.4 <0.4 460
Copper mg/kg dry wt 0.075 Elements in Soil 634 772 1840 595 17.8 8.91 97.3 7.2 >10000
Mercury mg/kg dry wt 0.025 Elements in Soil 11 8.2 84 0.94 0.22 0.11 14 0.066 310
Nickel mg/kg dry wt 0.05 Elements in Soil AZG_ ;E_s_ _1_?_7_ 2_79 18.4 11.3 2_8___4_ 9.82 -
Zinc mg/kg dry wt 0.05 Elements in Soil 6240 3090 4480 11700*** 374 68.7 959 43.8 n
Benzo[a]pyrene mg/kg 0.01 PAH in Soil 13_82 E m 0.26 T - 6_42 - -
Naphthalene mg/kg 0.01 PAH in Soil 0.16 0.12 0.02 <0.01 - - 0.02 - 7.
Pyrene mg/kg 0.02 PAH in Soil 24.48 33.3 5.77 1.09 - - 5.5 - -
Benzo[a]pyrene TEQ (LOR) mg/kg 0.01 PAH in Soil 25.9 17.76 5.51 0.56 - - 8.7 - 10
Benzo[a]pyrene TEQ (Zero) mg/kg 0.01 PAH in Soil 25.9 17.76 5.51 0.56 - - 8.7 -

Asbestos - - - - - - - - - No Asbestos Detected - -
Moisture Content % 1 Moisture 28 19 16 31 = = 19 = -

pH pH 1 pH in Soil - 7.4 7.4 - - - 6.3 - -
Arsenic g/m3 0.005 SPLP Elements <0.005 0.009 <0.005 <0.005 - - - - -
Cadmium g/m3 0.0001 SPLP Elements - - - - -
Chromium g/m3 0.002 SPLP Elements - - - - -
Copper g/m3 0.002 SPLP Elements - - - - -
Lead g/m3 0.0005 SPLP Elements - - - - -
Mercury g/m3 0.001 SPLP Elements - - - - -
Nickel g/m3 0.002 SPLP Elements - - - - -
Zinc g/m3 0.01 SPLP Elements = = - z
Notes

1 - Values taken from tables B2 and B3 of the National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health (exceeding values in bold red or dark grey filling) : »
2- Values taken from table 1A(1) 'Health investigation levels for soil contaminants' of the National Environment Protection (Assessment of Site Contamination) Schedule B1. Investigation Levels For Soil and Groundwater (exceeding cells in, Ilght grey filling)

3- Values taken from table 4.2.7.3 of the Ministry for the Environment Guidelines for Assessing and Managing Contaminated Gasworks Sites in New Zealand (exceeding cells in light blue filling)

4- Values taken from table 4.10 of the Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand (exceeding cells in light yellow filling or light green fllllng)
5- Values taken from Appendix A : Total concentration and leachability limits for Class A and Class B landfills of Module 2 - Hazardous waste guidelines : Landfill waste acceptance criteria and landfill classification (exceeding ceIIs ih hght orange filling)

6- Values taken from Table 1 of the Canterbury Regional Background Soil Concentrations for a recent soil type (exceeeding values underlined)
7- Values taken from table 3.4.1 of the Australia and New Zealand Guidelines for Fresh and Marine Water Quality in accordance with Schedule 5 of the Canterbury Land and Water Regional Plan (exceeding cells in blue ﬂlllng)

v - volatilisation
p - produce

- NA indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encountered on site

- Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons
*** - Concentrations also exceed the Class A Landfill Acceptance Criteria
TEQ - Toxic Equivalent Quotient

LOR - Limit of Reporting
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Map Identifier

35 Window Sample 1

35 Window Sample 2

Environment Canterbury Detailed Site Investigation

MFE Tier 1 Soil Acceptance Criteria Residential All Pathways”

MfE Gasworks Class A Landfill Canterbury
NEPM 2013 Guidelines Sand Sandy Silt Arceptance Regional
Residential A2 | Residential 10% e Background Soil
3 Criteria e
produce Am 1-4m ~4m “Am 1-4m >4m Concentrations
= 1000 -
- - - - - - - - 100 13
70 - - - - - - - 200 -
- - - - - - - - 400 8
- - - - - - - - 20 @
= = - - - z : : 100 =
- - - - - - - - 100 18.8
- - - : = : = : 100 214
= = = = = = = = 4 0.09
400 - - - - - - - 200 19
8000 - - - - - - - 200 84
- - 58" 70V go" 63" 83" | (130) 200 -
= = (1600)(" P) NA(‘) NA(‘) (1600)( p) NA(‘) NA(‘) = =

Reference Units LOR Method 18-01469-53 18-01469-54 18-01469-58 18-01469-61 18-01469-63 18-01469-60 18-01469-68 18-01469-64

Description 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675

Sample Description 37_W1 Depth 0.1 37_W1 Depth 0.6 37_W1 Depth 1.5 37_W1 Depth 2.2 37_W1 Depth 2.6 37_W2 Depth 0.2 37_W2 Depth 1.5 37_W2 Depth 2.6 NES 2011
Sample Date 8/01/2018 8/01/2018 9/01/2018 9/01/2018 9/01/2018 8/01/2018 9/01/2018 9/01/2018 Residential 10%
Sample No. 53 54 58 61 63 60 68 64 1
QC Type Regular Regular Regular Regular Regular Regular Regular Regular peaduce
Depth 0.1 0.6 1.5 2:2 2.6 0.2 1.5 2.6

Submitted Sample Type Soil Soil Soil Soil Soil Soil Soil Soil

Total Cyanide mg/kg 0.2 Cyanide - 2.96 0.4 <0.2 - - <0.2 <0.2 -
Arsenic meg/kg dry wt | 0.125 Elements in Soil 13 24.4 | s3] 252 1.82 7.74 3.89 2.73 20
Beryllium mg/kg dry wt 0.013 Elements in Soil 1.74 2.67 4.32 1.32 0.86 1.13 0.76 0.61 -
Boron mg/kg dry wt 1.25 Elements in Soil 44.7 149 282 377, 6.72 6.31 3.65 4.3 >10000
Cadmium mg/kg dry wt 0.005 Elements in Soil 0.61 1.15 2.28 0.82 0.028 0.054 0.025 0.042 3
Chromium me/kg dry wt | 0.125 Elements in Soil 36.2 553 70.1 233 15 18.2 13.8 11.6 >10000
Chromium(VI) mg/kg 0.4 Cr6+ in Soil <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 460
Copper mg/kg dry wt 0.075 Elements in Soil 192 1110 1600 496 11 13.5 7.14 9.27 >10000
Lead mg/kg dry wt 0.05 Elements in Soil 23.3 49.6 11.5 39.9 210
Mercury mg/kg dry wt 0.025 Elements in Soil 0.072 QT.Q_I_ 0.059 0.06 310
Nickel mg/kg dry wt 0.05 Elements in Soil 12:7 15.6 12 9.99 -
Zinc mg/kg dry wt 0.05 Elements in Soil 57.3 76.5 40 50.5 -
Benzo[a]pyrene mg/kg 0.01 PAH in Soil - - <0.01 0.02 -
Naphthalene mg/kg 0.01 PAH in Soil - - <0.01 <0.01 -
Pyrene mg/kg 0.02 PAH in Soil - - <0.02 0.05 -
Benzo[a]pyrene TEQ (LOR) mg/kg 0.01 PAH in Soil - - 0.03 0.04 . )10
Benzo[a]pyrene TEQ (Zero) mg/kg 0.01 PAH in Soil - - <0.01 0.03

Asbestos - - - - - No asbestos detected - -
Moisture Content % 1 Moisture - - 15 - -

pH pH q pH in Soil - - 6.1 -
Arsenic g/m3 0.005 SPLP Elements - - - £ -
Cadmium g/m3 0.0001 SPLP Elements - - - - -
Chromium g/m3 0.002 SPLP Elements - - - - -
Copper g/m3 0.002 SPLP Elements - - - - -
Lead g/m3 0.0005 SPLP Elements - - - - -
Mercury g/m3 0.001 SPLP Elements <0.001 <0.001 - - - - - - -
Nickel g/m3 0.002 SPLP Elements 0.005 <0.002 - - - - - - -
Notes

1 - Values taken from tables B2 and B3 of the National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health (exceeding values in bold red or dark grey filling)

2- Values taken from table 1A(1) 'Health investigation levels for soil contaminants' of the National Environment Protection (Assessment of Site Contamination) Schedule B1. Investigation Levels For Soil and Groundwater (exceeding cells in Ilghtgrey fllllng)

3- Values taken from table 4.2.7.3 of the Ministry for the Environment Guidelines for Assessing and Managing Contaminated Gasworks Sites in New Zealand (exceeding cells in light blue filling)

4- Values taken from table 4.10 of the Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand (exceeding cells in light yellow filling or light green filling)

5- Values taken from Appendix A : Total concentration and leachability limits for Class A and Class B landfills of Module 2 - Hazardous waste guidelines : Landfill waste acceptance criteria and landfill classification (exceeding cells in Ilght orange filling)

6- Values taken from Table 1 of the Canterbury Regional Background Soil Concentrations for a recent soil type (exceeeding values underlined)
7- Values taken from table 3.4.1 of the Australia and New Zealand Guidelines for Fresh and Marine Water Quality in accordance with Schedule 5 of the Canterbury Land and Water Regional Plan (exceeding cells in blue filling)

v - volatilisation
p - produce

* - NA indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encountered on site
- Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons

*** _ Concentrations also exceed the Class A Landfill Acceptance Criteria

TEQ - Toxic Equivalent Quotient

LOR - Limit of Reporting
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Environment Canterbury Detailed Site Investigation
Hs 9(2)(a)
Analytical Results

MIfE Tier 1 Soil Acceptance Criteria Residential All Pathways4

MfE Gasworks Class A Landfill Canterbury
NEPM 2013 Guidelines Sand Sandy Silt Accenbaice Regional
Residential A2 | Residential 10% s Background Soil
produce’ CHteria Concentrations®
<lm 1-4m >4m <lm 1-4m >4m
o 1000 - =
- - - - - - - - 100 13
70 - - - - - - - 200 -
- - - - - - - - 400 8
- - - - - - - - 20 0.07
= = = = = z 2 - 100 =
- - - - - - - - 100 18.8
- - - - - - - - 100 214
400 - - - - - - - 200 19
8000 - - - - - - - 200 84
: - 58" 70" go" 63" 83" | (130" 200 -
_ n (16000 ?| NA") NAT | (16000 P NA™) NAC) B N

Map ldentifier 41 Borehole 41 Window Sample
Reference Units LOR Method 18-01469-27 18-02509 18-02509 18-02509 18-01469-33 18-01469-32 18-01469-29 18-01469-28 18-01469-31 18-01469-35
Description 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675
Sample Description 41_0 Depth 0.1 41 0_1.2 41 0 2.4 41 0_4.6 41_WNS Depth 0.1 41_WNS Depth 2.5 41_WNS Depth 3.5 41_WNS Depth 3.7 41_WNS Depth 4.2 41_WNS Depth 4.8 NES 2011
Sample Date 10/01/2018 18/01/2018 18/01/2018 18/01/2018 10/01/2018 10/01/2018 10/01/2018 10/01/2018 10/01/2018 10/01/2018 Residential 10%
Sample No. 27 7 8 9 33 32 29 28 31 35 i
QC Type Regular Regular Regular Regular Regular Regular Regular Regular Regular Regular Rraduce
Depth 0.1 1.2 24 4.6 0.1 2.5 3i5 37 4.2 4.8
Submitted Sample Type Soil Soil Soil Soil Soil Soil Soil Soil Soil Soil
Total Cyanide mg/kg 0.2 Cyanide - <0.2 <0.2 - - 0.3 1.98 - - - -
Arsenic mg/kg dry wt 0.125 Elements in Soil 5.88 4.38 3.34 2.81 25.8 61.7 49.3 49.7 294 72 20
Beryllium mg/kg dry wt 0.013 Elements in Soil 0.82 - - - 4.98 9.7 2.26 0.9 1.05 0.73 -
Boron mg/kg dry wt 1.25 Elements in Soil 7.06 - - - 198 694 174 139 60.9 243 >10000
Cadmium mg/kg dry wt | 0.005 | Elements in Soil 0.059 0.024 0.023 0.021 6.33 4.32 6.89 10.5 1.98 0.14 3
Chromium mg/kg dry wt 0.125 Elements in Soil 16.6 14.4 11.6 11.5 44 68.9 64.2 29.9 19 13.1 >10000
Chromium(VI) mg/kg 0.4 Cr6+ in Soil <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 460
Copper mg/kg dry wt 0.075 Elements in Soil 11.6 6.81 5.58 575 489 4250 933 361 166 34.6 >10000
Lead mg/kg dry wt 0.05 Elements in Soil 28.3 13.3 10.2 8.02 E 210
Mercury mg/kg dry wt 0.025 Elements in Soil 0.084 0.07 0.059 0.051 8.2 0.62 49 7.7 3.1 @ 310
Nickel mg/kgdrywt | 0.05 Elements in Soil 13.8 12.4 9.41 9.63 56.7 250 8980*** 301 106 242 -
Zinc mg/kg dry wt 0.05 Elements in Soil 64 41.3 32.8 36.5 2990 4880 4280 6890 1220 148 -
Benzo[a]pyrene Tg/kg 0.01 PAH in Soil - <0.01 <0.01 <0.01 - 0.07 19.39 - - - -
Naphthalene mg/kg 0.01 PAH in Soil - <0.01 <0.01 <0.01 <0.01 0.27 - - - -
Pyrene mg/kg 0.02 PAH in Soil - <0.02 <0.02 <0.02 - 0.15 53.06 - - - -
Benzo[a]pyrene TEQ (LOR) mg/kg 0.01 PAH in Soil - 0.03 0.03 0.03 - 0.11 30.03 - - - %5
Benzo[a]pyrene TEQ (Zero) mg/kg 0.01 PAH in Soil - <0.01 <0.01 <0.01 - 0.11 30.03 - - -
Asbestos T No Asbestos Detected
Moisture Content % 1 Moisture - 14 3 15 - 15 32 - - - -
pH pH 1 pH in Soil - - - 6.4 - 7.2 - - - - -
Arsenic g/m3 0.005 SPLP Elements - - - - <0.005 - - - - - -
Cadmium g/m3 0.0001 SPLP Elements - - - - - - - - - -
Chromium g/m3 0.002 SPLP Elements - - - - - - - - - -
Copper g/m3 0.002 SPLP Elements - - - - - - - - - -
Lead g/m3 0.0005 SPLP Elements - - - - - - - - - -
Mercury g/m3 0.001 SPLP Elements - - - . <0.001 - - - - - -
Nickel g/m3 0.002 SPLP Elements - - - - 0.003 - - - - - -
Zinc g/m3 0.01 SPLP Elements - - - - - - - -\ - -

Shown on lab report as Shown on lab report as

41_ WND Depth 2.5 41_ WND Depth 3.7

Notes

1 - Values taken from tables B2 and B3 of the National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health (exceeding values in bold red or dark grey filling)
2- Values taken from table 1A(1) 'Health investigation levels for soil contaminants' of the National Environment Protection (Assessment of Site Contamination) Schedule B1. Investigation Levels For Soil and Groundwater (exceeding cells in light grey filling)
3- Values taken from table 4.2.7.3 of the Ministry for the Environment Guidelines for Assessing and Managing Contaminated Gasworks Sites in New Zealand (exceeding cells in light blue filling)
4- Values taken from table 4.10 of the Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand (exceeding cells in light yellow filling or light green filling)

5- Values taken from Appendix A : Total concentration and leachability limits for Class A and Class B landfills of Module 2 - Hazardous waste guidelines : Landfill waste acceptance criteria and landfill classification (exceeding cells in light orange filling)

6- Values taken from Table 1 of the Canterbury Regional Background Soil Concentrations for a recent soil type (exceeeding values underlined)

7- Values taken from table 3.4.1 of the Australia and New Zealand Guidelines for Fresh and Marine Water Quality in accordance with Schedule 5 of the Canterbury Land and Water Regional Plan (exceeding cells in blue filling)

v - volatilisation
p - produce

* - NA indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encountered on site
** - Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons
*¥¥* - Concentrations also exceed the Class A Landfill Acceptance Criteria

TEQ - Toxic Equivalent Quotient

LOR - Limit of Reporting
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Environment Canterbury Detailed Site Investigation

s 9(2)(a)
Analytical Results

MIfE Tier 1 Soil Acceptance Criteria Residential All Pathways4

MfE Gasworks Canterbury
NEPM 2013 Guidelines Sand Sandy Sift C':zsc' :; 't‘::::" Regional
Residential A’ | Residential 10% S Background Soil
produce3 Gritena Concentrations®
<lm 1-4m >4m <lm 1-4m >4m
- 1000 =
z = = = E = = - 100 13
70 - - : . : : - 200 -
= - = = 5 : : - 400 8
= - . = z : : = 20 0.07
- - - - - - - - - 20
- - - - - - - - 100 T
= : - - : : g = 100 18.8
- : = - : - - : 100 214
: . s = - . : : 4 0.09
400 2 s - : : : = 200 19
8000 : : z : z z : 200 84
: - 58" 70" go" 63" 83" | (130) 200 -
= = (1600)("43) NAL NAL) (1600)(“'” NAL NAL z =

Map Identifier 43 Borehole 43 Hand Auger 1 43 Hand Auger 2
Reference Units LOR Method 18-01469-5 18-02509 18-02509 18-02509 18-02509 18-01469-3 18-01469-4
Description 5137675 5137675 5137675 5137675 5137675 5137675 5137675
Sample Description 43_0 Depth 0.1 43 0 1.2 43 0 3.4 43 0 4.5 43 HA2 0.1 43_HA Depth 0.1 43_HA Depth 1.2 .
Sample Date 12/01/2018 19/01/2018 19/01/2018 19/01/2018 12/01/2018 12/01/2018 12/01/2018 Residential 10%
Sample No. 5 20 21 22 19 3 4 1
produce
QC Type Regular Regular Regular Regular Regular Regular Regular
Depth 0.1 1.2 34 4.5 0.1 0.1 1.2
Submitted Sample Type Soil Soil Soil Soil Soil Soil Soil
Total Cyanide mg/kg 0.2 Cyanide - 0.2 - - <0.2 <0.2 -
Arsenic mg/kg?y wt 0.125 Elements in Soil 15 5.41 66.8 2.19 18.6 4.68 3.56 20
Beryllium mg/kg dry wt 0.013 Elements in Soil 3.23 - - - - 0.8 0.62 -
Boron mg/kg dry wt 1.25 Elements in Soil 106 - - - - 4.78 1.9 >10000
Cadmium mg/kg dry wt 0.005 Elements in Soil E§ 0.75 1.68 0.069 2.38 0.089 0.022 3
Chromium mg/kg dry wt 0.125 Elements in Soil 34.9 40.3 78.1 14.2 40.7 14.4 11 >10000
Chromium(VI) me/kg 0.4 Cr6+ in Soil <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 460
Copper mg/kg dry wt 0.075 Elements in Soil 282 185 2730 11.9 275 7.94 5.76 >10000
Lead mg/kgdrywt | 0.05 Elements in Soil__ |\ NEIDRSE ] 747%% 15.9 2520%** 28.6 10.1 210
Mercury mg/kg dry wt 0.025 Elements in Soil 25 0.68 34 0.09 1.9 0.062 0.048 310
Nickel mg/kg dry wt 0.05 Elements in Soil 42.7 64.5 161 11.9 53.7 11.8 10.4 -
Zinc mg/kg dry wt | 0.05 Elements in Soil 1290 429 2220 52.2 1560 65.3 35.8 s
Benzo[a]pyrene mg/kg 0.01 PAH in Soil B 67.18 2.88 0.01 6.36 0.06 <0.01 -
Naphthalene mg/kg 0.01 PAH in Soil - 0.36 0.03 <0.01 0.05 <0.01 <0.01 -
Pyrene mg/kg 0.02 PAH in Soil - 57.24 4.24 <0.02 7.84 0.23 <0.02 -
Benzo[a]pyrene TEQ (LOR) mg/kg 0.01 PAH in Soil " - 4.01 0.03 8.74 0.1 0.03 o
Benzo[a]pyrene TEQ (Zero) mg/kg 0.01 PAH in Soil - 4.01 0.01 8.74 0.09 <0.01 \ °
No Asbestos Detected Chrysetila (V_Vhlte No Asbestos
Asbestos - - - - Asbestos) Fibres - - - -
(0.4) (3.5) Detected (4.7)
Moisture Content % 1 Moisture = 8 18 41 22 20 10 -
pH pH 1 pH in Soil - - - - - - - -
Arsenic g/m3 0.005 SPLP Elements - - - - o~ -
Cadmium g/m3 0.0001 SPLP Elements - - - - -
Chromium g/m3 0.002 SPLP Elements = < = s d =
Copper g/m3 0.002 SPLP Elements - - - - - -
Lead g/m3 0.0005 SPLP Elements - - - - - -
Mercury g/m3 0.001 SPLP Elements : = = s 2 -
Nickel g/m3 0.002 SPLP Elements - - - - - -
Zinc g/m3 0.01 SPLP Elements - - - - - -
Notes

1 - Values taken from tables B2 and B3 of the National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health (exceeding values in bold red or dark grey ﬂlllng)
2- Values taken from table 1A(1) 'Health investigation levels for soil contaminants' of the National Environment Protection (Assessment of Site Contamination) Schedule B1. Investigation Levels For Sail and Groundwater (exceeding cells in light grey filling)

3- Values taken from table 4.2.7.3 of the Ministry for the Environment Guidelines for Assessing and Managing Contaminated Gasworks Sites in New Zealand (exceeding cells in light blue filling)

4- Values taken from table 4.10 of the Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand (exceeding cells in, lf’ghf“yellow filling or light green filling)

5- Values taken from Appendix A : Total concentration and leachability limits for Class A and Class B landfills of Module 2 - Hazardous waste guidelines : Landfill waste acceptance criteria and iandf’ll classification (exceeding cells in light orange filling)

6- Values taken from Table 1 of the Canterbury Regional Background Soil Concentrations for a recent soil type (exceeeding values underlined) .
7- Values taken from table 3.4.1 of the Australia and New Zealand Guidelines for Fresh and Marine Water Quality in accordance with Schedule 5 of the Canterbury Land and Water Reglonal Plan (exceeding cells in blue filling)

v - volatilisation
p - produce

- NA indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encountered on site
** - Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons
*** - Concentrations also exceed the Class A Landfill Acceptance Criteria

TEQ - Toxic Equivalent Quotient

LOR - Limit of Reporting

5137675
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Map Identifier

45 Hand Auger 1

45 Hand Auger A

45 Hand Auger B

45 Hand Auger C

45 Window Sample

Environment Canterbury Detailed Site Investigation

s 9(2)(a)
Analytical Results

MFE Tier 1 Soil Acceptance Criteria Residential All Pathways”

MfE Gasworks Canterbury
NEPM 2013 Guidelines Sand Sandy Silt C'ZZ :;) :::::" Regional
Residential A> | Residential 10% L Background Soil
3 Criteria 6
produce — o — o e e Concentrations
= 1000 =
- - . : - : : - 100 13
70 B - - = = : z 200 -
= = = = 2 = = = 400 8
- - - - - - : : 20 0.07
: - - : - - - : - 20
- = = = = = - - 100 =
- - - - - - - - 100 18.8
- = = z = = = s 100 214
= = S = = s = = 4 0.09
400 : s = = z . z 200 19
8000 : - - = z = . 200 84
: : 58 70" go" 63" 83" | (130" 200 -
: : (1600)”) NA" NA"  |(1600)"P) NA" NA" : :

Reference Units PQL Method 18-01469-77 18-01469-73 18-06896 18-06896 18-06896 18-01469-55 18-01469-74 18-01469-78 18-01469-80
Description 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675
Sample Description 45_H Depth 0.5 45_H Depth 1.5 HA_A_45_0.3 HA_B_45_0.1 HA_C_45 0.1 45_WNS Depth 0.1 | 45_WNS Depth 1.5 | 45_WNS Depth 2.5 | 45_WNS Depth 3.5 s
Sample Date 9/01/2018 9/01/2018 27/02/2018 27/02/2018 27/02/2018 8/01/2018 9/01/2018 9/01/2018 9/01/2018 Residential 10%
Sample No. 77 73 9 12 13 55 74 78 80 1
QC Type Regular Regular Regular Regular Regular Regular Regular Regular Regular produce
Depth 0.5 1.5 0.3 0.1 0.1 01 1:5 2.5 3.5
Submitted Sample Type Soil Soil Soil Soil Soil Soil Soil Soil Soil
Total Cyanide mg/kg 0.2 Cyanide <0.2 <0.2 - - - - <0.2 <0.2 - -
Arsenic mg/kg dry wt 0.125 Elements in Soil 6.3 3.87 5:17 18.5 9.17 10.7 4,75 2.76 3.43 20
Beryllium mg/kg dry wt 0.013 Elements in Soil 0.87 0.68 - - - 0.83 0.89 0.64 0.6 -
Boron mg/kg dry wt 1.25 Elements in Soil 3.9 2.34 - - - g 2.32 1.89 1.61 >10000
Cadmium mg/kg dry wt 0.005 Elements in Soil 0.15 0.024 0.13 0.39 0.41 0.26 0.021 0.02 0.023 3
Chromium mg/kg dry wt 0.125 Elements in Soil 15.4 12.9 16.5 20.4 19 177 15.1 10.2 111 >10000
Chromium(VI) mg/kg 0.4 Cr6+ in Soil - <0.4 - - - <0.4 <0.4 <0.4 460
Copper mg/kg dry wt 0.075 Elements in Soil 19.8 5.89 14.9 45.1 425 31.8 9.08 5.7 5.44 >10000
Lead mg/kg dry wt 0.05 Elements in Soil E 13 93.7 3240 215 269*** 144 8.38 11.4 210
Mercury mg/kg dry wt 0.025 Elements in Soil E 0.042 & - - 0.23 0.064 0.047 0.051 310
Nickel mg/kg dry wt 0.05 Elements in Soil 12.3 10.8 12.6 13.9 12.3 14.1 13.3 9.07 9.12 -
Zinc mg/kg dry wt 0.05 Elements in Soil 127 38.3 105 237 290 199 45.7 35.2 37 -
Benzola]pyrene me/ke 0.01 PAH in Soil 0.51 <0.01 & 3 D =3 <0.01 <0.01 z .
Naphthalene mg/kg 0.01 PAH in Soil <0.01 <0.01 = - - - <0.01 <0.01 = -
Pyrene mg/kg 0.02 PAH in Soil 1.24 0.03 - - - - <0.02 <0.02 - -
Benzo[a]pyrene TEQ (LOR) mg/kg 0.01 PAH in Soil 0.69 0.03 - - - - 0.03 0.03 = -
Benzo[a]lpyrene TEQ (Zero) mg/kg 0.01 PAH in Soil 0.68 <0.01 - - - - <0.01 <0.01 -
Asbestos - - - - - - - - - - - - -
Moisture Content % 1 Moisture 13 14 - - - - 14 11 - -
pH pH 1 pH in Soil - - - - - - - - - -
Shown on lab réport
as 45_WW Depth 2.5
Notes )

1 - Values taken from tables B2 and B3 of the National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health (exceeding values in bold red or dark grey filling)

2- Values taken from table 1A(1) 'Health investigation levels for soil contaminants' of the National Environment Protection (Assessment of Site Contamination) Schedule B1. Investigation Levels For Soil and Groundwater (exceeding cells in light grey filling)
3- Values taken from table 4.2.7.3 of the Ministry for the Environment Guidelines for Assessing and Managing Contaminated Gasworks Sites in New Zealand (exceeding cells in light blue filling)
4- Values taken from table 4.10 of the Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand (exceeding cells in light yellow filling or light green filling)

5- Values taken from Appendix A : Total concentration and leachability limits for Class A and Class B landfills of Module 2 - Hazardous waste guidelines : Landfill waste acceptance criteria and landfill classification (exceeding cells in light orange filling)
6- Values taken from Table 1 of the Canterbury Regional Background Soil Concentrations for a recent soil type (exceeeding values underlined)

v - volatilisation
p - produce

* - NA indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encountered on site
** - Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons

*** - Concentrations also exceed the Class A Landfill Acceptance Criteria

TEQ - Toxic Equivalent Quotient
LOR - Limit of Reporting

5137675

09/02/2018



19-D-02771

|
b
| ———

Environment Canterbury Detailed Site Investigation

s 9(2)(a)

Analytical Results

Map Identifier 47A Hand Auger 1 47A Hand Auger A 47A Hand Auger B
Reference Units LOR Method 18-01469-52 18-01469-1 18-06896 18-06896
Description 5137675 5137675 5137675 5137675 MFE Tier 1 Soil Acceptance Criteria Residential All Pathways*
Sample Description 47_HA Depth 0.1 47A_HA Depth 1.4 HA_A_47A_0.3 HA_B_47A_0.2 NES 2011 MfE .Gasyvorks ‘ Class A Landfill Cant?rbury
Sample Date 8/01/2018 12/01/2018 27/02/2018 27/02/2018 Residential 10% NEPM 2013 Guidelines Sand Sandy Silt Accaptarice Regional
Sample No. 52 1 8 17 i Residential A” | Residential 10% N Background Soil
QC Type Regular Regular Regular Regular produce produce3 Criteria Concentrations®
<im 1-4m >4m <1lm 1-4m >4m
Depth 0.1 1.4 0.3 0.2
Submitted Sample Type Soil Soil Soil Soil
Total Cyanide mg/_kg 0.2 Cyanide 0.4 <0.2 - - - - 1000 -
Arsenic mg/kg dry wt 0.125 Elements in Soil 11.8 5.98 7.67 575 20 - - - - - - - - 100 13
Beryllium mg/kg dry wt 0.013 Elements in Soil 1.11 0.78 - - - 70 - - - - - - - 200 =
Boron mg/kg dry wt 1.25 Elements in Soil 27.6 4.6 - - >10000 - - - - - - - - 400 8
Cadmium mg/kg dry wt 0.005 Elements in Soil 0.22 0.18 0.18 0.083 3 - f“’gﬁ_ﬁ/ - - - - - - 20 0.?)7
Chromium mg/kgdrywt | 0.125 Elements in Soil 19.4 15.9 16.7 14.2 >10000 . Q};&J : . . : - - = - 20
Chromium(VI) mg/kg 0.4 Cr6+ in Soil <0.4 <0.4 - - 460 - N ) - - - - - - - 100 -
Copper mg/kg dry wt 0.075 Elements in Soil 149 16.7 275 15 >10000 - b - - - - - - - 100 18.8
Lead mg/kg dry wt 0.05 Elements in Soil 249%** 113 E 40.9 210 fy}v - - - - - - - 100 ﬁ
Mercury mg/kg dry wt 0.025 Elements in Soil 0.094 0.081 B D 310 o - - - - - - - 4 @
Nickel mg/kg dry wt 0.05 Elements in Soil 27.3 12.4 15.1 11.6 - ?Z)O - - - - - - - 200 E
Zinc mg/kg dry wt 0.05 Elements in Soil 246 134 141 777 - "\ 8000 - - - - - - - 200 84
Benzo[a]pyrene mg/kg 0.01 PAH in Soil 1_63 0_15 3 D - - - - - - - - - - =
Naphthalene mg/kg 0.01 PAH in Soil <0.01 <0.01 - - = = = 58 70™ so™ 63 g3W (130)(”:") 200 T
Pyrene mg/kg 0.02 PAH in Soil 1.75 0.39 - - - - - (1600)" "  NA" NA" | (@600) P NAT Na'! - -
Benzo[a]pyrene TEQ (LOR) mg/kg 0.01 PAH in Soil 2.19 0.23 - - - i ) i ) i i ) i : :
Benzo[a]pyrene TEQ (Zero) mg/kg 0.01 PAH in Soil 2.19 0.23 - -
Asbestos - - - - - - - - - - - - - - - - - -
Moisture Content % 1 Moisture 18 21 - = - = - - - - - -
pH pH 1 pH in Soil - - - - - - - - - - - - - - -
Shown on lab report as | Shown on lab report as
47A_W__Depth 0.1 47A&Depth 1.4
Notes

1 - Values taken from tables B2 and B3 of the National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health (exceeding values in boldired or dark grey filling)
2- Values taken from table 1A(1) 'Health investigation levels for soil contaminants' of the National Environment Protection (Assessment of Site Contamination) Schedule B1. Investigation Levels For Soil and Groundwater (exceeding cells in light grey filling)
3- Values taken from table 4.2.7.3 of the Ministry for the Environment Guidelines for Assessing and Managing Contaminated Gasworks Sites in New Zealand (exceeding cells in light blue filling)

4- Values taken from table 4.10 of the Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealahd (exceeding cells in light yellow filling or light green filling)
5- Values taken from Appendix A : Total concentration and leachability limits for Class A and Class B landfills of Module 2 - Hazardous waste guidelines : Landfill waste acceptance criteria and landfill classification (exceeding cells in light orange filling)
6- Values taken from Table 1 of the Canterbury Regional Background Soil Concentrations for a recent soil type (exceeeding values underlined)

v - volatilisation
p - produce

* - NA indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encountered on site
** - Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons

**¥ - Concentrations also exceed the Class A Landfill Acceptance Criteria
TEQ - Toxic Equivalent Quotient

LOR - Limit of Reporting
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Map Identifier

223 Borehole

223 Hand Auger A

223 Hand Auger B

Environment Canterbury Detailed Site Investigation

s 9(2)(a)

Analytical Results

MFE Tier 1 Soil Acceptance Criteria Residential All Pathways*

MfE Gasworks Canterbury
Class A Landfill
NEPM 2013 Guidelines Sand Sandy Silt :Z; ta:ce' Regional
Residential A2 | Residential 10% P 5 Background Soil
3 Criteria .6
produce Concentrations
<lm 1-4m >4m <lm 1-4m >4m
- 1000 -
= - - - - - - - 100 1=3
70 - - - - - - - 200 -
- - - - - - - - 400 g
- - - - - - - - 20 0.07
: . : : = : : : : —
- : - - - - : . 100 =
2 - - - - - - - 100 18.8
s - - - - - - - 100 21.4
- - - - . - - - 4 0.09
400 - - E - - - - 200 19
8000 - - - - - - - 200 84
___
- - 58" 70" go" 63" 83" | (130)"™ 200 -
- - (1600)(“1p) NA(‘) NA(‘) (1600)(“"’) NA(‘) NA(‘) - -

Reference Units LOR Method 18-01469-10 18-02509 18-02509 18-02509 18-06896 18-06896
Description 5137675 5137675 5137675 5137675 5137675 5137675
Sample Description 233_0 Depth 0.1 223 0_1.2 223 0 3.2 223 0_4.5 HA_A_223_0.3 HA_B_233 0.1 —
Sample Date 10/01/2018 18/01/2018 18/01/2018 18/01/2018 27/02/2018 27/02/2018 Residential 10%
Sample No. 10 10 11 12 10 11 1
produce
QC Type Regular Regular Regular Regular 0.3 0.1
Depth 0.1 1:2 3.2 4.5
Submitted Sample Type Soil Soil Soil Soil Soil Soil
Total Cyanide mg/_kg 0.2 Cyanide <0.2 <0.2 - - - - -
Arsenic mg/kg dry wt 0.125 Elements in Soil 4.67 5.86 6.43 1.34 8.47 7:75 20
Beryllium mg/kg dry wt 0.013 Elements in Soil 0.75 - - - - - -
Boron mg/kg dry wt 1.25 Elements in Soil 103 - - - - - >10000
Cadmium mg/kg dry wt 0.005 Elements in Soil 0.07 0.032 0.034 0.027 0.41 0.14 3
Chromium mg/kgdrywt | 0.125 | Elements in Soil 14.5 15.9 125 12.6 18.1 16.1 >10000
Chromium(VI) mg/kg 0.4 Cr6+ in Soil <0.4 <0.4 <04 <0.4 - - 460
Copper mg/kg dry wt 0.075 Elements in Soil 15.4 7.42 6.02 5.28 46.7 12 >10000
Lead mg/kg dry wt 0.05 Elements in Soil 32.8 15.3 10.8 8.65 386%** 58.6 210
Mercury mg/kg dry wt 0.025 Elements in Soil 0.068 0.069 0.051 0.047 - I 310
Nickel mg/kg dry wt 0.05 Elements in Soil 11.8 13.4 10.6 10 15 12.5 -
Zinc mg/_kg dry wt 0.05 Elements in Soil 71.2 49.7 38.7 38.5 331 117 -
Benzo[a]pyrene mg/kg 0.01 PAH in Soil 0.02 <0.01 <0.01 <0.01 - - -
Naphthalene mg/kg 0.01 PAH in Soil <0.01 <0.01 <0.01 <0.01 - - -
Pyrene mg/kg 0.02 PAH in Soil 0.08 <0.02 <0.02 <0.02 - - -
Benzo[alpyrene TEQ (LOR) mg/kg 0.01 PAH in Soil 0.04 0.03 0.03 0.03 - - 10
Benzo[a]pyrene TEQ (Zero) mg/kg 0.01 PAH in Soil 0.03 <0.01 <0.01 <0.01 - -
Asbestos - - - - - - - - - -
Moisture Content % 1 Moisture 20 18 21 19 -
pH pH 1 pH in Soil - - - - - - -

Notes

1 - Values taken from tables B2 and B3 of the National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health (exceeding values in bold red or dark grey filling)
2- Values taken from table 1A(1) 'Health investigation levels for soil contaminants' of the National Environment Protection (Assessment of Site Contamination) Schedule B1. Investigation Levels For Soil and.Groundwater (exceeding cells in light grey filling)
3- Values taken from table 4.2.7.3 of the Ministry for the Environment Guidelines for Assessing and Managing Contaminated Gasworks Sites in New Zealand (exceeding cells in light blue filling)
4- Values taken from table 4.10 of the Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand (exceeding cells indightyellow filling or light green filling)
5- Values taken from Appendix A : Total concentration and leachability limits for Class A and Class B landfills of Module 2 - Hazardous waste guidelines : Landfill waste acceptance criteria and landfill classification (exceeding cells in light orange filling)

6- Values taken from Table 1 of the Canterbury Regional Background Soil Concentrations for a recent soil type (exceeeding values underlined)

v - volatilisation
p - produce

* - NA indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encountered on site

** - Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons

*** - Concentrations also exceed the Class A Landfill Acceptance Criteria
TEQ - Toxic Equivalent Quotient

LOR - Limit of Reporting
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Environment Canterbury Detailed Site Investigation

s 9(2)(a)
Analytical Results

MYE Tier 1 Soil Acceptance Criteria Residential All Pathways”
MfE Gasworks z Canterbu
NEPM 2013 Guidelines Sand Sandy Silt c‘:ii:plt'::::" Regiona:y
Residential A> | Residential 10% s Background Soil
produce3 Criteria Concentrations®
(1/ <lm 1-4m >4m <lm 1-4m >4m
3 1000 - =
- - - - - - - - 100 13
70 - - - - - - - 200 -
- - - - - - - - 400 8
- - - - - - - - 20 0.07
2 2 3 < = = & = 100 =
- - - - - - - - 100 18.8
- - - - - - - - 100 21.4
- c . . - = : = 4 0.09
400 - - - - - - - 200 19
8000 - - - - - - - 200 84
- : 58" 70" go" 63" 83" | (130" 200 -
= = (1600)(”")) NA(‘) NA(‘) (1600)(”.9) NA(') NA(‘) - =

Map Identifier 229 Window Sample 229 Hand Auger

Reference Units LOR Method 18-01469-9 18-01469-13 18-01469-12 18-01469-14

Description 5137675 5137675 5137675 5137675

Sample Description 229 _H Depth 0.2 229_0 Depth 1.5 229_0 Depth 2.5 229 _H Depth 0.1

Sample Date 11/01/2018 11/01/2018 11/01/2018 11/01/2018 '.\'ES 2_011

Residential 10%

Sample No. 9 13 12 14 3
produce

QC Type Regular Regular Regular Regular

Depth 0.2 1.5 2.5 0.1

Submitted Sample Type Soil Soil Soil Soil

Total Cyanide mg/kg 0.2 Cyanide <0.2 <0.2 <0.2 0.4 .

Arsenic mg/kg dry wt 0.125 Elements in Soil 42 3.8 5.4 25.1 20

Beryllium mg/kg dry wt 0.013 Elements in Soil 6.75 0.73 0.75 4.73 =

Boron mg/kg dry wt 1.25 Elements in Soil 438 5.36 5.9 284 >10000

Cadmium mg/kg dry wt 0.005 Elements in Soil 4525 0.025 0.035 4.32 3

Chromium mg/kg dry wt 0.125 Elements in Soil 79.1 12.8 14.1 56.8 >10000

Chromium(VI) mg/kg 0.4 Cr6+ in Soil <0.4 - - - 460

Copper mg/kg dry wt 0.075 Elements in Soil 6080 7.2 8.33 559 >10000

Lead mg/kg dry wt 0.05 Elements in Soil 10.5 11.5 210

Mercury mg/kg dry wt 0.025 Elements in Soil 0.36 0.051 0.064 6.6 3104

Nickel mg/kg dry wt 0.05 Elements in Soil 182 11.7 12.1 743

Zinc mg/kg dry wt 0.05 Elements in Soil 1990 38.2 44 3100 :

Benzo[a]pyrene mg/kg 0.01 PAH in Soil 0.54 <0.01 <0.01 8.2 =

Naphthalene mg/kg 0.01 PAH in Soil <0.01 <0.01 <0.01 0.05 =

Pyrene mg/kg 0.02 PAH in Soil 1.29 <0.02 <0.02 12.23 =

Benzo[a]pyrene TEQ (LOR) mg/kg 0.01 PAH in Soil 0.81 0.03 0.03 12405 i

Benzo[a]pyrene TEQ (Zero) mg/kg 0.01 PAH in Soil 0.81 <0.01 <0.01 I205

Asbestos - - - - - - -

Moisture Content % Moisture 9 12 18 24 -

pH pH 1 pH in Soil - - - - -

Notes

1 - Values taken from tables B2 and B3 of the National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health (exceed'ing‘values in bold red or dark grey filling)
2- Values taken from table 1A(1) 'Health investigation levels for soil contaminants' of the National Environment Protection (Assessment of Site Contaminatiof):Schedule B1. Investigation Levels For Soil and Groundwater (exceeding cells in light grey filling)

3- Values taken from table 4.2.7.3 of the Ministry for the Environment Guidelines for Assessing and Managing Contaminated Gasworks Sites in New Zealand, {(exceeding cells in light blue filling)
4- Values taken from table 4.10 of the Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand (exceeding cells in light yellow filling or light green filling)

5- Values taken from Appendix A : Total concentration and leachability limits for Class A and Class B landfills of Module 2 - Hazardous waste guidelines :iLandfill waste acceptance criteria and landfill classification (exceeding cells in light orange filling)

6- Values taken from Table 1 of the Canterbury Regional Background Soil Concentrations for a recent soil type (exceeeding values underlined)

v - volatilisation
p - produce

* - NA indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encountered'onsite

** - Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons

*** _ Concentrations also exceed the Class A Landfill Acceptance Criteria

TEQ - Toxic Equivalent Quotient

LOR - Limit of Reporting
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Map Identifier

231 Borehole

231 Hand Auger

231 Window Sample

Environment Canterbury Detailed Site Investigation

MIfE Tier 1 Soil Acceptance Criteria Residential All Pathways’

Reference Units LOR Method 18-01469-8 18-02509 18-02509 18-02509 18-01469-50 18-01469-47 18-01469-70 18-01469-7

Description 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675

Sample Description 231_0Depth 0.1 231.0_1.2 231.0_2.0 231 0. 2.4 231_HA Depth 0.1 231_HA Depth 1.5 231_W Depth 0.1 231_W Depth 0.5

Sample Date 11/01/2018 19/01/2018 19/01/2018 19/01/2018 10/01/2018 10/01/2018 9/01/2018 11/01/2018 NES 2011 Residential
Sample No. 8 23 25 24 50 47 70 7 10% produce”
QC Type Regular Regular Regular Regular Regular Regular Regular Regular

Depth 0.1 1:2 2 2.4 0.1 15 0.1 0.5

Submitted Sample Type Soil Soil Soil Soil Soil Soil Soil Soil

Total Cyanide mg/kg 0.2 Cyanide - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 -
Arsenic mg/k.gTry wt 0.125 Elements in Soil 11 9.38 4.75 2.54 5.71 2.14 6.33 4.9 20
Beryllium mg/kg dry wt 0.013 Elements in Soil 0.85 - - - 0.79 0.89 0.82 0.78 -
Boron mg/kg dry wt 1.25 Elements in Soil 9.6 - - - 10.6 8.97 4.61 6.21 >10000
Cadmium mg/kgdrywt | 0.005 | Elements in Soil 0.29 0.33 0.03 0.026 0.1 0.029 0.14 0.027 3
Chromium mg/kg drywt | 0.125 Elements in Soil 15.9 17.7 15.4 15.3 17.1 14.8 14.9 15.6 >10000
Chromium(VI) mg/kg 0.4 Cr6+ in Soil <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 460
Copper mg/kg dry wt 0.075 Elements in Soil 36 470 8.49 8.15 17 8.33 25:7, 10.8 >10000
Lead mg/kgdrywt | 0.05 Elements in Soil 183 339%** 12.6 12.7 615 19.7 94.7 16 210
Mercury mg/kg dry wt | 0.025 Elements in Soil 0.18 0.23 0.085 0.072 0.08 0.087 0.086 0.11 310
Nickel mg/kg dry wt 0.05 Elements in Soil 13.1 15:1 13.1 12.1 13 11.8 12.3 12.2 =
Zinc mg/_lkg dry wt 0.05 Elements in Soil 2 Q 41.7 32 69.9 42.9 & 40.9 -
Benzo[a]pyrene mg/kg 0.01 PAH in Soil - 5.39 <0.01 <0.01 0.5 <0.01 1.74 <0.01 -
Naphthalene mg/kg 0.01 PAH in Soil - 0.09 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 -
Pyrene mg/kg 0.02 PAH in Soil - 10.91 <0.02 <0.02 1.44 0.03 3.29 <0.02 -
Benzo[a]pyrene TEQ (LOR) mg/kg 0.01 PAH in Soil - 7.55 0.03 0.03 0.77 0.03 2.47 0.03 10
Benzo[a]pyrene TEQ (Zero) mg/kg 0.01 PAH in Soil - 7:55 <0.01 <0.01 0.77 <0.01 2.47 <0.01

Asbestos - - - - No Asbestos Detected - - - - - No Asbestos Detected -
Moisture Content % 1 Moisture - 14 23 20 18 18 8 20 -
pH pH 1 pH in Soil - - - - - - - 6.6 -
Notes

1 - Values taken from tables B2 and B3 of the National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health (exceeding values in bold red or dark grey filling)
2- Values taken from table 1A(1) 'Health investigation levels for soil contaminants' of the National Environment Protection (Assessment of Site Contamination) Schedule B1. Investigation Levels For Soil and Groundwater (exceeding cells in light grey filling)

3- Values taken from table 4.2.7.3 of the Ministry for the Environment Guidelines for Assessing and Managing Contaminated Gasworks Sites in New Zealand (exceeding cells in light blue filling)

4- Values taken from table 4.10 of the Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand (exceeding cells in light yellow filling or light green filling)
5- Values taken from Appendix A : Total concentration and leachability limits for Class A and Class B landfills of Module 2 - Hazardous waste guidelines : Landfill waste acceptance criteria and landfill classification (exceeding cells in light orange filling)

6- Values taken from Table 1 of the Canterbury Regional Background Soil Concentrations for a recent soil type (exceeeding values underlined)

v - volatilisation
p - produce

* - NA indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encountered on site

** _ Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons
**¥* . Concentrations also exceed the Class A Landfill Acceptance Criteria

TEQ - Toxic Equivalent Quotient
LOR - Limit of Reporting

5137675

MIE Gaswors Canterbury Regional
NEPM 2013 Guidelines Sand Sandy Silt Class A Landfill Bacbground 5ol
Residential A’ Residential 10% Acceptance Criteria’ R
. duce® Concentrations
<lm 1-4m >4m <lm 1-4m >4m
- 1000 - -
- - - - - - - - 100 13
70 - - - - - - - 200 -
2 = - = = - = = 400 8
- - - - - - - - 20 0.07
z - = z = = s = 100 g
- - - - - - - - 100 18.8
- - - - - - - - 100 214
- - - - - - - - 4 0.09
400 - - - - - - - 200 19
8000 - - - - . - - 200 84
= - 58(V) 70(V) 80(\') 63(V) 83(V) (130)(”.\!) 200 2
= = (1600)(”")) N A(') N A(‘) (1600)(”.P) N A(‘) N A(') - =
T ;‘ = Z < = 5 = = = =

s 9(2)(a)
Analytical Results
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Environment Canterbury Detailed Site Investigation

MFE Tier 1 Soil Acceptance Criteria Residential All Pathways”

MfE Gasworks Class A Landfill Canterbury
NEPM 2013 Guidelines Sand Sandy Silt Accastares Regional
Residential A> | Residential 10% - ] Background Soil
roduce’ Criteria Concentrations®
P <Im 1-4m >4m <im 1-4m >4m
- 1000 - -
E 5 = 2 : z s 5 100 13
70 - - - - - - - 200 -
- - . . - - - - 400 8
—
- - - - - - - - 20 0.07
- - - - - - - - 100 -
- - - - - - - - 100 18.8
- - - - - - - - 100 1.4
- - - - - - - - 4 0.09
400 - - : - - - : 200 19
8000 - - - - - - - 200 84
IR
: : 58" 70Y 8o 63" 83" | (1309 200 -
= = (1600)("19) NA(') NA(‘) (1600)(”4’) NA(') NA(') 5 =

Map Identifier 235 Hand Auger 235 Window Sample D 235 Window Sample S

Reference Units LOR Method 18-01469-36 18-01469-45 18-01469-49 18-01469-46 18-01469-51 18-01469-43 18-01469-40 18-01469-38 18-01469-37 18-01469-44

Description 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675

Sample Description 235_HA Depth 0.1 235_WND Depth 0.3 235_WND Depth 1.5 235_WND Depth 2.5 235_WND Depth 3.5 235_WNS Depth 0.5 235_WNS Depth 1.5 235_WNS Depth 2.5 235_WNS Depth 3.0 235_WNS Depth 3.6 NES 2011
Sample Date 10/01/2018 10/01/2018 10/01/2018 10/01/2018 10/01/2018 10/01/2018 10/01/2018 10/01/2018 10/01/2018 10/01/2018 Residential 10%
Sample No. 36 45 49 46 51 43 40 38 37 44 1
QC Type Regular Regular Regular Regular Regular Regular Regular Regular Regular Regular produce
Depth 0.1 0.3 1.5 2.5 3:5 0.5 1.5 2:5 3 3.6

Submitted Sample Type Soil Soil Soil Soil Soil Soil Soil Soil Soil Soil

Total Cyanide mg/kg 0.2 Cyanide - 3.06 - <0.2 - 0.4 - <0.2 = = -
Arsenic meg/kgdrywt | 0.125 | Elements in Soil 322 [ &= 68.4 4.71 2.95 | 932 | amsex 26.3 682 11 20
Beryllium mg/kg dry wt | 0.013 Elements in Soil 4.42 8.51 4.96 0.75 0.63 7.97 7.39 327 171 0.39 .
Boron mg/kg dry wt 1.25 Elements in Soil 256 529 435 26.4 9.19 533 576 200 345 115 >10000
Cadmium mg/kg dry wt 0.005 Elements in Soil 5.94 E E E 0.062 59_ EA iZ—-_S _]_.__;§ Q__Q_Z_ 3
Chromium mg/kg dry wt 0.125 Elements in Soil 76.4 E E 15.2 13 E E E &_5 9.03 >10000
Chromiun VI mg/kg dry wt 1.125 Elements in Soil <0.4 - - - - - - - - - 460
Copper mg/kg dry wt 0.075 Elements in Soil 640 1870 5430 944 16.1 3030 3620 708 4870 31.9 >10000
Lead mg/kg dry wt 0.05 Elements in Soil 9_0_§ 2215 @ 210
Mercury mg/kg dry wt 0.025 Elements in Soil 6.2 1.5 0.3 0.083 0.079 18 0.27 0.75 0.34 0.068 310
Nickel mg/kg drywt | 0.05 Elements in Soil 813 178 213 14.4 121 155 321 126 3510*** 9.78 -
Zinc mg/kgdrywt | 0.05 | Elements in Soil 3260 5860 [ 1100t ] 133 50.7 6360 3120 7100 1400 114 :
Benzo[a]pyrene mg/kg 0.01 PAH in Soil - 0.25 - 0.02 - 0.13 - <0.01 - - -
Naphthalene mg/kg 0.01 PAH in Soil <0.01 <0.01 - <0.01 <0.01 = = -
Pyrene mg/kg 0.02 PAH in Soil - 0.6 - 0.07 - 0.17 - <0.02 - -
Benzo[a]pyrene TEQ (LOR) mg/kg 0.01 PAH in Soil - 0.51 - 0.04 - 0.22 - 0.03 - - i
Benzo[a]pyrene TEQ (Zero) mg/kg 0.01 PAH in Soil - 0.51 - 0.03 - 0.22 - <0.01 - -

Asbestos T - - - No Asbestos Detected - - - - - - -
Moisture Content % 1 Moisture - 16 - 26 - 11 - 21 - - -

pH pH 1 pH in Soil - - - 6.8 - - - - - - -
Arsenic g/m3 0.005 SPLP Elements - <0.005 <0.005 - - 0.01 - <0.005 - - -
Cadmium g/m3 0.0001 SPLP Elements - 0.0003 0.0002 - - - 0.0003 3 = =
Chromium g/m3 0.002 SPLP Elements - <0.002 0.0051 . = - 0.0026 - -
Copper g/m3 0.002 SPLP Elements - 0.003 0.058 - - - - - -
Lead g/m3 0.0005 SPLP Elements 0.0084 0.0495 - - - - -
Mercury g/m3 0.001 SPLP Elements - <0.001 <0.001 - - <0.001 - <0.001 - - -
Nickel g/m3 0.002 SPLP Elements - <0.002 <0.002 - - <0.002 - <0.002 - - -
Zinc g/m3 0.01 SPLP Elements - 0.12 0.05 - - i - - - -
Notes

1 - Values taken from tables B2 and B3 of the National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health (exceeding values in bold red or dark grey filling)
2- Values taken from table 1A(1) 'Health investigation levels for soil contaminants' of the National Environment Protection (Assessment of Site Contamination) Schedule B1. Investigation Levels For Soil and Groundwater (exceeding cells in light grey filling)
3- Values taken from table 4.2.7.3 of the Ministry for the Environment Guidelines for Assessing and Managing Contaminated Gasworks Sites in New Zealand (exceeding cells in light blue filling)
4- Values taken from table 4.10 of the Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand (exceeding cells in light yellow filling or light green filling)

5- Values taken from Appendix A : Total concentration and leachability limits for Class A and Class B landfills of Module 2 - Hazardous waste guidelines : Landfill waste acceptance criteria and landfill classification (exceeding cells in light orange filling)

6- Values taken from Table 1 of the Canterbury Regional Background Soil Concentrations for a recent soil type (exceeeding values underlined)
7- Values taken from table 3.4.1 of the Australia and New Zealand Guidelines for Fresh and Marine Water Quality in accordance with Schedule 5 of the Canterbury Land and Water Regional Plan (exceeding cells in blue filling)

v - volatilisation
p - produce

* - NA indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encountered on site
** - Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons
**¥* - Concentrations also exceed the Class A Landfill Acceptance Criteria

TEQ - Toxic Equivalent Quotient

LOR - Limit of Reporting
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Environment Canterbury Detailed Site Investigation

MFE Tier 1 Soil Acceptance Criteria Residential All Pathways”

MfE Gasworks Canterbury
NEPM 2013 Guidelines o Sandy Silt C':'Z :p:::::" Regional
Residential A2 | Residential 10% e Background Soil
produce3 Criteria Concentrations®
<lm 1-4m >4m <lm 1-4m >4m
= 1000 - -
- - - - - - - - 100 13
70 - - - - - - - 200 -
- - - - - - - - 400 8
- - - - - - - - 20 0.07
= - = = = = % = 100 3
- - - - - - - - 100 18.8
- - - - - - - - 100 214
= - - - - - - = 4 0.09
400 - - - - - - - 200 19
8000 - - - - - - - 200 84
- - 58 70 go" 63" g3 | (130" 200 -
- - (1600)(”4’) NA(') NA(’) (1600)(” p) NA(') NA(') = &

Map Identifier 235A Hand Auger 235A Borehole 1 235A Borehole 2
Reference Units PQL Method 18-01469-19 18-02509 18-02509 18-02509 18-02509 18-02509 18-02509 18-02509
Description 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675
Sample Description 235A=HA Depth 0.1 235A&0.1 235A&1.1 235AL1_2.4 235A£4.8 235A&1.2 235A_0i3.4 235A&4.1 NES 2011
Sample Date 11/01/2018 19/01/2018 18/01/2018 18/01/2018 18/01/2018 19/01/2018 19/01/2018 19/01/2018 Residential 10%
Sample No. 19 26 13 14 15 27 28 29 1
QC Type Regular Regular Regular Regular Regular Regular Regular Regular produce
Depth 0.1 0.1 1.1 2.4 4.8 1.2 3.4 4.1
Submitted Sample Type Soil Soil Soil Soil Soil Soil Soil Soil
Total Cyanide mg/kg 0.2 Cyanide 0.5 0.4 <0.2 0.3 - <0.2 - - -
Arsenic meg/kgdrywt | 0.125 | Elements in Soil 226 30.5 43.8 21.1 2.5 | 8sa | 722 7.77 20
Beryllium mg/kg dry wt 0.013 Elements in Soil 4.23 - - - - - - - -
Boron mg/kg dry wt 1.25 Elements in Soil 195 - - - - - - - >10000
Cadmium mg/kg dry wt 0.005 Elements in Soil g 5.71 2.04 0.87 0.067 0.87 0.99 0.88 3
Chromium mg/kg dry wt 0.125 Elements in Soil 40.7 79.3 68.9 23.6 13.9 72.4 17.2 30.1 >10000
Chromium(VI) mg/kg 04 Cr6+ in Soil <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 460
Copper mg/kg dry wt 0.075 Elements in Soil 387 902 2150 136 11.2 3390 32.7 153 >10000
Lead mg/kg dry wt 0.05 Elements in Soil 21.6 _ 54.1 192 210
Mercury mg/kg dry wt 0.025 Elements in Soil 3.6 1.9 0.38 0.087 0.085 0.19 0.1 0.17 310
Nickel mg/kg dry wt 0.05 Elements in Soil 60.2 82.9 201 343 10.7 183 17.7 39.3 -
Zinc mg/kg dry wt 0.05 Elements in Soil 1760 3560 2780 504 57.7 2450 404 333 -
Benzola]pyrene me/ke 0.01 PAH in Soil By 29.32 226 0.06 <0.01 0.03 0.07 0.15 -
Naphthalene mg/kg 0.01 PAH in Soil 0.02 0.22 0.11 <0.01 <0.01 <0.01 <0.01 <0.01 -
Pyrene mg/kg 0.02 PAH in Soil 6.2 47.65 21.03 0.12 <0.02 0.04 0.14 0.25 -
Benzola]pyrene TEQ (LOR) mg/kg 0.01 PAH in Soil 4.1 | 208 | 30.66 0.09 0.03 0.05 0.11 0.22
Benzo[a]pyrene TEQ (Zero) mg/kg 0.01 PAH in Soil 4.1 42.08 30.66 0.08 <0.01 0.03 0.1 0.22 _
Asbestos No Asbestos No Asbestos No Asbestos No Asbestos o\

i i i i i Detected (1.2) ) Detected (4.6) Detected (1.2) ) Detected (4.2), "I\ o
Moisture Content % i Moisture 25 17 14 24 7 10 21 20 N\ -
pH pH 1 pH in Soil - 6.8 6.6 . . - 6.7 - -
Arsenic g/m3 0.005 SPLP Elements 0.006 0.009 0.006 - - - - -
Cadmium g/m3 0.0001 SPLP Elements - - - - -
Chromium g/m3 0.002 SPLP Elements - - - - -
Copper g/m3 0.002 SPLP Elements - - - - - -
Lead g/m3 0.0005 SPLP Elements - - - - \ - -
Mercury g/m3 0.001 SPLP Elements - - - - -
Nickel g/m3 0.002 SPLP Elements - - - - -
Zinc g/m3 0.01 SPLP Elements - - - : - -

Shown on lab report Shown on lab report Shpwni;pn_'fab report | Shown on lab report
as 235_HA2_01 0.1 as 235A_0_1.2 ‘as 235A_0_3.4 as 235A_0 4.1

Notes ’

1 - Values taken from tables B2 and B3 of the National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health (exceeding values in bold red or dark grey filling)

2- Values taken from table 1A(1) 'Health investigation levels for soil contaminants' of the National Environment Protection (Assessment of Site Contamination) Schedule B1. Investigation Levels For Soil and Grdundwater (exceeding cells in light grey filling)

3- Values taken from table 4.2.7.3 of the Ministry for the Environment Guidelines for Assessing and Managing Contaminated Gasworks Sites in New Zealand (exceeding cells in light blue filling)

[ f‘ "

4- Values taken from table 4.10 of the Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand (exceeding cells in light ye wa;,f']lmg or light green filling)

5- Values taken from Appendix A : Total concentration and leachability limits for Class A and Class B landfills of Module 2 - Hazardous waste guidelines : Landfill waste acceptance criteria and landfill claSSIf'catlon (exceeding cells in light orange filling)

6- Values taken from Table 1 of the Canterbury Regional Background Soil Concentrations for a recent soil type (exceeeding values underlined) @
7- Values taken from table 3.4.1 of the Australia and New Zealand Guidelines for Fresh and Marine Water Quality in accordance with Schedule 5 of the Canterbury Land and Water Regional Plan (exceedlng cells in blue filling)

v - volatilisation
p - produce

* - NA indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encountered on site

** - Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons

*** . Concentrations also exceed the Class A Landfill Acceptance Criteria

TEQ - Toxic Equivalent Quotient
LOR - Limit of Reporting
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Environment Canterbury Detailed Site Investigation
s 9(2)(a)
Analytical Results

Map Identifier 237 Window Sample 237 Hand Auger

Reference Units PQL Method 18-01469-67 18-01469-39 18-01469-41 18-01469-30 18-01469-42

Description 5137675 5137675 5137675 5137675 5137675 MFE Tier 1 Soil Acceptance Criteria Residential All Pathways”

Sample Description 237_W Depth 0.1 237_W Depth 1.5 237_WND Depth 2.5 237_HA Depth 0.1 237_HA Depth 1.2 NES 2011 MfE Gasworks Class A Landfill Canterbury
Sample Date 9/01/2018 10/01/2018 10/01/2018 10/01/2018 10/01/2018 Residential 10% NEPM 20132 C-?unde!mes Sand Sandy Silt Ancartahie Regional .
Sample No. 67 39 41 30 42 — Residential A* | Residential 30% e Backgrounﬁ’ $¢>l(|i
QC Type Regular Regular Regular Regular Regular produce . — i T o i Concentrations
Depth 0.1 15 2:5 0.1 1.2

Submitted Sample Type Soil Soil Soil Soil Soil

Total Cyanide mg/_kg 0.2 Cyanide - <0.2 <0.2 <0.2 <0.2 - = 1000 = -
Arsenic mg/kg dry wt 0.125 Elements in Soil 14.1 4.15 3.25 6.03 6.7 20 - - - - - - - - 100 13
Beryllium mg/kg dry wt 0.013 Elements in Soil 0.93 0.81 0.69 0.76 0.83 - 70 = - = - = = = 200 =
Boron mg/kg dry wt 1.25 Elements in Soil 12.4 3.6 9.98 9.75 6.42 >10000 - - - - - - - - 400 8
Cadmium me/kg dry wt 0.005 Elements in Soil 0.64 0.032 0.021 0.26 0.054 3 b - - s . - : - 20 0.07
Chromium mg/kg dry wt 0.125 Elements in Soil 20.6 13.6 12.7 15.4 14.3 >10000 - - - - - - - - - 20
Chromium(VI) mg/kg 0.4 Cr6+ in Soil <0.4 <0.4 <0.4 <0.4 <0.4 460 = = - = - = = = 100 =
Copper mg/kg dry wt 0.075 Elements in Soil 38.5 5.92 8.7 18.5 7.16 >10000 - - - - - - - - 100 18.8
Lead mg/kg dry wt 0.05 Elements in Soil E 14.3 13.2 63 17.8 210 - = = > = 5 = = 100 g
Mercury mg/kg dry wt 0.025 Elements in Soil 0.11 0.06 0.059 0.24 0.068 310 - - - - - - - - 4 0.09
Nickel me/kg dry wt 0.05 Elements in Soil 16.4 117 11.1 20.7 10.9 - 400 = : > : = : = 200 19
Zinc mg/kg dry wt 0.05 Elements in Soil 248 45.2 42.1 148 53.9 . 3000 = . z - E : - 200 84
Benzo[a]pyrene mg/kg 0.01 PAH in Soil - <0.01 <0.01 0.29 <0.01 - = = = > = 5 = = = #
Naphthalene mg/kg 0.01 PAH in Soil - <0.01 <0.01 <0.01 <0.01 A - - 58 70M go" 63" 83" | (130)"™ 200 -
Pyrene mg/kg 0.02 PAH in Soil : <0.02 <0.02 1.33 0.06 - - (1600)" P  NA" NA" |(600) " NAD NA" - -
Benzo[a]pyrene TEQ (LOR) mg/kg 0.01 PAH in Soil - 0.03 0.03 0.46 0.03 \o _ i i i i i i i _ )
Benzo[a]pyrene TEQ (Zero) mg/_kg 0.01 PAH in Soil - <0.01 <0.01 0.46 <0.01

Asbestos - - - - - - - - - - - - - - - - - - -
Moisture Content % 1k Moisture - 17 23 20 21 B = = = = - = = = =

pH pH 1 pH in Soil - - - - - - - - - - - - - - - -
Notes

1 - Values taken from tables B2 and B3 of the National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health (exceeding values in bold red or dark greyfilling)

2- Values taken from table 1A(1) 'Health investigation levels for soil contaminants' of the National Environment Protection (Assessment of Site Contamination) Schedule B1. Investigation Levels For Soilkand Groundwater (exceeding cells in light grey filling)
3- Values taken from table 4.2.7.3 of the Ministry for the Environment Guidelines for Assessing and Managing Contaminated Gasworks Sites in New Zealand (exceeding cells in light blue filling)

4- Values taken from table 4.10 of the Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand (exceeding cellstinJight yellow filling or light green filling)

5- Values taken from Appendix A : Total concentration and leachability limits for Class A and Class B landfills of Module 2 - Hazardous waste guidelines : Landfill waste acceptance criteria and.landfill classification (exceeding cells in light orange filling)
6- Values taken from Table 1 of the Canterbury Regional Background Soil Concentrations for a recent soil type (exceeeding values underlined)

v - volatilisation

p - produce

* - NA indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encountered on site

** - Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons

*** _ Concentrations also exceed the Class A Landfill Acceptance Criteria

TEQ - Toxic Equivalent Quotient

LOR - Limit of Reporting
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Map Identifier

1/3 Borehole

Environment Canterbury Detailed Site Investigationl

s 9(2)(a)

Analytical Results

MfE Tier 1 Soil Acceptance Criteria Residential All Pathways4

MfE Gasworks Class A Landfill Canterbury
NEPM 2013 Guidelines Sand Sandy Silt ccamtance Regional
Residential A2 | Residential 10% o s Background Soil
3 Criteria . 6
produce Concentrations
{,,%' <1lm 1-4m >4m <lm 1-4m >4m
o i
g ﬂ) A g z
- N~ - - - - - - 100 e
70 ¢ - - - - - - - 200 -
- _ 4 - : - : - - - 400 8
. \%?‘ : - n - - - - 20 0.07
o : == - e 100 :
N\ - - - - - - - 100 18.8
- - - - - - - - 100 214
- - . . - - - - 4 0.09
400 - - - - - - - 200 19
8000 2 . - - - - : 200 84
S,
: - 58" 70" go" 63" 83" | (1309)"™ 200 -
: : (1600) P NA" NA" |(1600)" P NA" NA" : -

Reference Units LOR Method 18-01469-18 18-01469-85 18-01469-87
Description 5137675 5137675 5137675
Sample Description 1/3_0 Depth 0.2 1/3_.0_1.2 1/3_0_4.6 NES 2011
Sample Date 11/01/2018 16/01/2018 16/01/2018 Residential 10%
Sample No. 18 85 87 1
produce
QC Type Regular Regular Regular
Depth 0.2 1:2 4.6
Submitted Sample Type Soil Soil Soil
Total Cyanide mg/kg 0.2 Cyanide - <0.2 -
Arsenic mg/kg dry wt 0.125 Elements in Soil 7.71 20.1 135 20
Beryllium mg/kg dry wt 0.013 Elements in Soil 0.96 3.53 E -
Boron mg/kg dry wt 1.25 Elements in Soil 117 173 5.68 >10000
Cadmium mg/kg dry wt 0.005 Elements in Soil E Z_E. 0.041 3
Chromium mg/kg dry wt 0.125 Elements in Soil m E 11.9 >10000
Chromium(VI) mg/kg 0.4 Cr6+ in Soil <0.4 - . 460
Copper mg/kg dry wt 0.075 Elements in Soil 47 333 5.95 >10000
Lead mg/kg dry wt 0.05 Elements in Soil 237 2% 60.7 210
Mercury mg/kg dry wt 0.025 Elements in Soil 0.12 2.4 0.063 310
Nickel mg/kg dry wt 0.05 Elements in Soil E 97.7 9.92 -
Zinc mg/kg dry wt 0.05 Elements in Soil g g 39.6 =
Benzo[a]pyrene mg/kg 0.01 PAH in Soil - 46.17 - -
Naphthalene mg/kg 0.01 PAH in Soil - 0.4 - =
Pyrene mg/kg 0.02 PAH in Soil - 70.55 - -
Benzo[a]pyrene TEQ (LOR) mg/kg 0.01 PAH in Soil - - i
Benzo[a]pyrene TEQ (Zero) mg/kg 0.01 PAH in Soil - -
Asbestos - - - - No Asbestos Detected - -
Moisture Content % 1 Moisture - 13 - E
pH pH 1 pH in Soil - 7 - -
Notes

1 - Values taken from tables B2 and B3 of the National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health*(exceeding values in bold red or dark grey filling)

2- Values taken from table 1A(1) 'Health investigation levels for soil contaminants' of the National Environment Protection (Assessment of Site Contamination) Schedule B1. Investigation Levels For Soil and Groundwater (exceeding cells in light grey filling)
3- Values taken from table 4.2.7.3 of the Ministry for the Environment Guidelines for Assessing and Managing Contaminated Gasworks Sites in New-Zealand (exceeding cells in light blue filling)

4- Values taken from table 4.10 of the Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand (exceeding cells in light yellow filling or light green filling)
5- Values taken from Appendix A : Total concentration and leachability limits for Class A and Class B landfills of Module 2 - Hazardous waste guidelines : Landfill waste acceptance criteria and landfill classification (exceeding cells in light orange filling)

6- Values taken from Table 1 of the Canterbury Regional Background Soil Concentrations for a recent soil type (exceeeding values uniderlined)

v - volatilisation
p - produce

* - NA indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encotintered on site

** - Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons

**¥ - Concentrations also exceed the Class A Landfill Acceptance Criteria

TEQ - Toxic Equivalent Quotient

LOR - Limit of Reporting

5137675
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Map Identifier

1/5 Borehole

1/5 Hand Auger

2/5 Window Sample

Environment Canterbury Detailed Site Investigation

s 9(2)(a)
Analytical Results

MfE Tier 1 Soil Acceptance Criteria Residential All Pathways4

Reference Units LOR Method 18-01469-2 18-02509 18-02509 18-02509 18-01469-15 18-01469-16 18-01469-56 18-01469-75 18-01469-72

Description 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675

Sample Description 1/5_0_0.1 1/5_0_1.2 1/5_0_2.4 1/5_0_3.6 1/5_HA Depth 0.1 1/5_HA Depth 2.0 5A_WNS Depth 0.2 5A_WNS Depth 1.5 5A_WNS Depth 2.5 NES 2011

Sample Date 12/01/2018 18/01/2018 18/01/2018 18/01/2018 11/01/2018 11/01/2018 8/01/2018 9/01/2018 9/01/2018 Residential 10%

Sample No. - 2 1 3 15 16 56 75 72 5
produce

QC Type Regular Regular Regular Regular Regular Regular Regular Regular Regular

Depth 0.1 1.2 2.4 3.6 0.1 2 0.2 1.5 2.5

Submitted Sample Type Soil Soil Soil Soil Soil Soil Soil Soil Soil

Total Cyanide mg/kg 0.2 Cyanide - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 -

Arsenic mg/kg dry wt 0.125 Elements in Soil 10.4 5.71 0.983 3.13 10.2 3.56 7.41 6.59 2.82 20

Beryllium mg/kg dry wt 0.013 Elements in Soil 1.07 - - - 0.73 0.69 0.79 0.88 0.58 -

Boron mg/kg dry wt 1.25 Elements in Soil 17.9 - - - 8.62 6.42 7.91 2.32 1:.77 >10000

Cadmium mg/kg dry wt 0.005 Elements in Soil 0.19 0.02 0.028 0.025 0.12 0.022 0.18 0.026 0.021 3

Chromium mg/kg dry wt 0.125 Elements in Soil 17.4 17.4 11.6 11.8 15.4 12 15.9 14.5 10.8 >10000

Chromium (VI) mg/kg dry wt 0.4 Cr6+ in Soil - <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 460

Copper mg/kg dry wt 0.075 Elements in Soil 457 7.51 5.48 5.8 11.1 7.52 15.6 8.21 5:11 >10000

Lead mg/kg dry wt 0.05 Elements in Soil 209 172 8.85 7.42 35.3 10.5 97.3 12.3 9:19 210

Mercury mg/kg dry wt 0.025 Elements in Soil 0.095 0.088 0.043 0.039 0.065 0.067 0.12 0.068 0.043 310

Nickel mg/kg dry wt 0.05 Elements in Soil 29.1 14.8 10.1 9.74 12.9 10.6 122 12:2 9.08 -

Zinc mg/kg dry wt 0.05 Elements in Soil g__? 51.7 36.7 36 82.9 38.5 119 44.6 34.1 -

Benzo[a]pyrene mg/kg 0.01 PAH in Soil e <0.01 0.01 <0.01 0.05 <0.01 - <0.01 <0.01 -

Naphthalene mg/kg 0.01 PAH in Soil - <0.01 <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 -

Pyrene mg/kg 0.02 PAH in Soil - <0.02 0.05 <0.02 0.15 <0.02 - <0.02 <0,02 -

Benzo[a]pyrene TEQ (LOR) mg/kg 0.01 PAH in Soil - 0.03 0.03 0.03 0.09 0.03 - 0.03 0:03 -

Benzo[a]pyrene TEQ (Zero) mg/kg 0.01 PAH in Soil - <0.01 0.01 <0.01 0.08 <0.01 - <0.01 <0.01

No Asbestos Detected

Asbestos - - - - (1.4) - - - - - - - -

Moisture Content % Moisture = 16 21 20 22 20 = 22 23 -

pH pH pH in Soil - - - 6 - - - - - -

Notes

1 - Values taken from tables B2 and B3 of the National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health (exceeding values in bold red or dark grey filling)

2- Values taken from table 1A(1) 'Health investigation levels for soil contaminants' of the National Environment Protection (Assessment of Site Contamination) Schedule B1. Investigation Levels For Soil and Groundwater (exceeding cells in light grey filling)

3- Values taken from table 4.2.7.3 of the Ministry for the Environment Guidelines for Assessing and Managing Contaminated Gasworks Sites in New Zealand (exceeding cells in light blue filling)

4- Values taken from table 4.10 of the Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand (exceeding cells in light yellow filling or light green filling)

5- Values taken from Appendix A : Total concentration and leachability limits for Class A and Class B landfills of Module 2 - Hazardous waste guidelines : Landfill waste acceptance criteria and landfill classification (exceeding cells in light orange filling)

6- Values taken from Table 1 of the Canterbury Regional Background Soil Concentrations for a recent soil type (exceeeding values underlined)

v - volatilisation
p - produce

* - NA indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encountered on site

** - Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons
**¥* - Concentrations also exceed the Class A Landfill Acceptance Criteria

TEQ - Toxic Equivalent Quotient

LOR - Limit of Reporting

5137675

MfE Gasworks Class A Landfill Canterbury
NEPM 2013 Guidelines Sand Sandy Silt Accntaiica Regional
Residential A2 | Residential 10% .p 5 Background Soil
duce® Ehteia Concentrations®
ro
P <lm 1-4m >4m <lm 1-4m >4m
s 1000 : -
- - - - - - - - 100 13
70 - - - - - - - 200 -
. - - - - - - - 400 8
- - - - - - - - 20 0.07
s : = : = : : : a 28
- - - - - - - - 100 -
- - - - - - - . 100 18.8
- - - - - - - - 100 214
- . g = - - - 2 4 0.09
400 - - - - - - - 200 19
8000 . : - : - : : 200 84
- - 58" 70" go" 63" 83" | (139" 200 -
: : (1600)""]  NA" NA”  ](1600)"P| NA") NA") s s
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Map Identifier

2/7 Borehole

1/7 Hand Auger

Environment Canterbury Detailed Site Investigation

s 9(2)(a)
Analytical Results

MIfE Tier 1 Soil Acceptance Criteria Residential All Pathways4

MfE Gasworks Class A Landfil Canterbury
NEPM 2013 Guidelines Sand Sandy Silt Actertance Regional
Residential A2 | Residential 10% e Background Soil
3 Criteria . 6
produce T 180 Sl 1 A A Concentrations
& 1000 = =
- - - - - - - - 100 13
70 - - - - - - - 200 -
- - - - - - - - 400 8
- - - - - - - - 20 0=37
= s = - = : = : 100 z
- - - - - - - - 100 18.8
- - - - - - - - 100 214
= s — - = - z - 4 0.09
400 - - - - - - - 200 19
8000 - - - - - - - 200 g
N - 5g¥ 20M 30™ 63Y 83V | (130 ¥ 200 x
= = (1600)(”.9) N A(‘) N A(') (1600)(”,9) N A(’) N A(') = =

Reference Units LOR Method 18-01469-25 18-02509 18-02509 18-02509 18-01469-17 18-01469-21
Description 5137675 5137675 5137675 5137675 5137675 5137675
Sample Description 2/7=0 Depth 0.2 2/7&1.2 2/7&2.3 2/7&4.4 1/7=HA Depth 0.1 1/7=HA Depth 1.5 .
Sample Date 18/01/2018 18/01/2018 18/01/2018 11/01/2018 11/01/2018 AP —
Sample No. 25 4 5 6 17 21 :
produce
QC Type Regular Regular Regular Regular Regular Regular
Depth 0.2 1.2 2.3 4.4 0.1 1.5
Submitted Sample Type Soil Soil Soil Soil Soil Soil
Total Cyanide mg/kg 0.2 Cyanide - - - - 0.2 <0.2 -
Arsenic mg/kg dry wt 0.125 Elements in Soil 4.48 3.8 4.83 4.49 5.7 4,93 20
Beryllium mg/kg dry wt 0.013 Elements in Soil 0.72 - - - 0.76 0.91 -
Boron mg/kg dry wt 1.25 Elements in Soil 5.94 - - - 8.21 8.98 >10000
Cadmium mg/kg dry wt 0.005 Elements in Soil 0.12 0.037 0.029 0.026 0.2 0.036 3
Chromium mg/kg dry wt 0.125 Elements in Soil 13.6 12.8 16.4 14.4 15 15.9 >10000
Chromium(VI) mg/kg 0.4 Cr6+ in Soil - <0.4 <0.4 <0.4 - - 460
Copper mg/kg dry wt 0.075 Elements in Soil - 5.48 9.46 5.38 11.2 9.55 >10000
Lead mg/kg dry wt 0.05 Elements in Soil 69 12.5 14.4 10.2 108 18.7 210
Mercury mg/kg dry wt 0.025 Elements in Soil 0.06 0.045 0.089 0.049 0.069 0.076 310
Nickel mg/kg dry wt 0.05 Elements in Soil 12.3 11.3 12.9 9.72 12.7 13.5 -
Zinc mg/kg dry wt 0.05 Elements in Soil 90.6 40.7 46.2 36.9 157 54.5 -
Benzo[a]pyrene mg/kg 0.01 PAH in Soil =3 <0.01 <0.01 <0.01 0_13 <0.01 -
Naphthalene mg/kg 0.01 PAH in Soil - <0.01 <0.01 <0.01 <0.01 <0.01 -
Pyrene mg/kg 0.02 PAH in Soil - <0.02 <0.02 <0.02 0.38 144.19 -
Benzo[a]pyrene TEQ (LOR) mg/kg 0.01 PAH in Soil - 0.03 0.03 0.03 0.19 0.03 %
Benzo[a]pyrene TEQ (Zero) mg/_kg 0.01 PAH in Soil - <0.01 <0.01 <0.01 0.19 <0.01
Asbestos - - - - - - - - - -
Moisture Content % 1 Moisture - 3 19 9 17 19 -
pH pH 1 pH in Soil - - - 6.4 - - -
Notes

1 - Values taken from tables B2 and B3 of the National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health (exceeding values in bold red or dark grey filling)

2- Values taken from table 1A(1) 'Health investigation levels for soil contaminants' of the National Environment Protection (Assessment of Site Contamination) Schedule B1. Investigation Levels For Soil and Groundwater (exceeding cells in light grey filling)

3- Values taken from table 4.2.7.3 of the Ministry for the Environment Guidelines for Assessing and Managing Contaminated Gasworks Sites in New Zealand (exceeding cells in light blue filling)

4- Values taken from table 4.10 of the Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand (exceeding cells in light yellow filling.ox lighf green filling)
5- Values taken from Appendix A : Total concentration and leachability limits for Class A and Class B landfills of Module 2 - Hazardous waste guidelines : Landfill waste acceptance criteria and landfill classification(exceeding cells in light orange filling)
6- Values taken from Table 1 of the Canterbury Regional Background Soil Concentrations for a recent soil type (exceeeding values underlined)

v - volatilisation
p - produce

* - NA indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encountered on site
** - Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons

**¥* - Concentrations also exceed the Class A Landfill Acceptance Criteria
TEQ - Toxic Equivalent Quotient

LOR - Limit of Reporting

5137675

09/02/2018
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Map Identifier

9 Window Sample

9 Hand Auger

Environment Canterbury Detailed Site Investigation

Reference Units LOR Method 18-01469-59 18-01469-81 18-01469-79 18-01469-22 18-01469-23
Description 5137675 5137675 5137675 5137675 5137675
Sample Description 9_WNS Depth 0.1 9_WNS Depth 1.5 9_WNS Depth 2.6 9_HA Depth 0.1 9_HA Depth 1.6 NES 2011
Sample Date 8/01/2018 9/01/2018 9/01/2018 11/01/2018 11/01/2018 Residential 10%
Sample No. 59 81 79 22 23 1

produce
QC Type Regular Regular Regular Regular Regular
Depth 0.1 1.5 2.6 0.1 1.6
Submitted Sample Type Soil Soil Soil Soil Soil
Total Cyanide mg&g 0.2 Cyanide - <0.2 <0.2 <0.2 <0.2 -
Arsenic mg/kg dry wt 0.125 Elements in Soil 4.67 5.18 4.82 4.67 5.58 20
Beryllium mg/kg dry wt 0.013 Elements in Soil 0.72 0.91 0.87 0.76 1 -
Boron mg/kg dry wt 1.25 Elements in Soil 7.9 2.4 2.32 8.11 7.93 >10000
Cadmium mg/kg dry wt 0.005 Elements in Soil 0.16 0.027 0.029 0.071 0.028 3
Chromium mg/kg dry wt 0.125 Elements in Soil 14.3 15.1 14.1 16 16.4 >10000
Chromium(VI) mg/kg 0.4 Cr6+ in Soil <0.4 <0.4 <0.4 <0.4 <0.4 460
Copper mg/kg dry wt 0.075 Elements in Soil 12.9 9.09 8.52 7.18 10.4 >10000
Lead mg/kg dry wt 0.05 Elements in Soil 94.6 13.9 12.8 24.6 16.1 210
Mercury mg/kg dry wt 0.025 Elements in Soil 0.063 0.092 0.067 0.057 0.075 310
Nickel mg/kg dry wt 0.05 Elements in Soil 10.6 13.1 12.5 13.1 14.2 -
Zinc mg/_kg dry wt 0.05 Elements in Soil % 51.2 49.1 73.7 53 -
Benzo[a]pyrene mg/kg 0.01 PAH in Soil - <0.01 <0.01 0.02 <0.01 -
Naphthalene mg/kg 0.01 PAH in Soil - <0.01 <0.01 <0.01 <0.01 -
Pyrene mg/kg 0.02 PAH in Soil - <0.02 <0.02 0.13 <0.02
Benzo[a]pyrene TEQ (LOR) mg/kg 0.01 PAH in Soil - 0.03 0.03 0.05 0.03 10
Benzo[a]pyrene TEQ (Zero) mg&g 0.01 PAH in Soil - <0.01 <0.01 0.04 <0.01
Asbestos - - - - - - - - -
Moisture Content % 1 Moisture = 18 22 21 22 -
pH pH 1 pH in Soil - - - - - -

Shown on lab report as
9=W Depth 2.6

Notes

1 - Values taken from tables B2 and B3 of the National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health (exceeding values in bold red or dark grey filling)

2- Values taken from table 1A(1) 'Health investigation levels for soil contaminants' of the National Environment Protection (Assessment of Site Contamination) Schedule B1. Investigation Levels.Eor Soil and Groundwater (exceeding cells in light grey filling)

3- Values taken from table 4.2.7.3 of the Ministry for the Environment Guidelines for Assessing and Managing Contaminated Gasworks Sites in New Zealand (exceeding cells in light blue fillihg)
4- Values taken from table 4.10 of the Ministry for the Environment, 1999. Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand (exceeding.cells in light yellow filling or light green filling)

5- Values taken from Appendix A : Total concentration and leachability limits for Class A and Class B landfills of Module 2 - Hazardous waste guidelines : Landfill waste acceptance criteria and landfill classification (exceeding cells in light orange filling)
6- Values taken from Table 1 of the Canterbury Regional Background Soil Concentrations for a recent soil type (exceeeding values underlined)

v - volatilisation
p - produce

* - NA indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encountered on site

** - Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons
*** - Concentrations also exceed the Class A Landfill Acceptance Criteria

TEQ - Toxic Equivalent Quotient

LOR - Limit of Reporting

5137765

s 9(2)(a)
s 9(2)(a) Analytical Results
MFE Tier 1 Soil Acceptance Criteria Residential All Pathways*
MfE Gasworks Class A Landfill Canterbury
NEPM 2013 Guidelines Sand Sandy Silt Accaptance Regional
Residential A’ | Residential 10% e Background Soil
3 Criteria . 6
produce 1 14 SAsr S o <A Concentrations
- 1000 - -
- . - - - - - - 100 13
70 - - - - - - - 200 -
. . - - - - - - 400 8
== - - - - - - - 20 0.07
= z = 2 = Z z 5 100 g
. . - - - - - - 100 18.8
- - - - - - - - 100 21.4
= s s = = : = . 4 0.09
400 - - - - - - - 200 19
8000 . - - - - - - 200 84
- - 58" 70" go" 63" 83" | (130" 200 -
: : (1600) |  NA" NA" [(1600)"?] NA" NA" : :

09/02/2018
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Environment Canterbury Detailed Site Investigation

s 9(2)(a)
QA/QC
Reference 18-02509 18-02509 18-02509 18-02509 18-01469-1 | 18-01469-1 18-01469-14 | 18-01469-14 18-01469-28|18-01469-28 18-06896 18-06896
Description 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675
Sample Description 231.0 2.4 | 231.0 24 APps 41.0_1.2 41.0_1.2 e+ |47A_WS_De|47A_WS De| .. [229_HDepth(229 HDepthl . . 41_WND | 41_wWND Rpp*x  |PA-B-2330[HAB 233 0| _ .,
pth 1.4 pth 1.4 0.1 0.1 Depth 3.7 Depth 3.7 A1 g |
Depth 2.4 2.2 1.2 1.2 14 1.4 0.1 0.1 3.7 3.7 0.2 0.2
Submitted Sample Type Soil Soil Soil Soil Soil Soil Soil Soil Soil Soil Soil Soil
Arsenic 2.54 2.58 2% 4,38 4.48 2% <0.2 <0.2 = 0.40 - - = = = T4 7.54 3%
Cadmium 0.03 0.03 7% 0.02 0.03 12% 5.98 - - 25.10 25.90 3% 49.70 57.70 15% 0.14 0.14 0%
Chromium 15.30 14.60 5% 14.40 15.00 4% 0.78 - = 4,73 4,90 4% 0.90 0.95 5% 16.1 16.2 1%
Copper 8.15 7.44 9% 6.81 7.23 6% 4.60 = = 284.00 274.00 4% 139.00 112.00 22% 12 12 0%
Lead 12.70 12.50 2% 13.30 14.10 6% 0.18 - = 4.32 440 2% 10.50 12.50 17% 58.6 58.7 0%
Mercury 0.07 0.07 6% 0.07 0.08 7% 15.90 - = 56.80 57.80 2% 29.90 35.10 16% 12.5 12.6 1%
Nickel 12.10 11.70 3% 12.40 12.50 1% 16.70 - = 559.00 593.00 6% 361.00 380.00 5% 117 122 4%
Zinc 32.00 29.10 9% 41.30 42.20 2% 113.00 - = 3840,00 6660.00 54% 3250.00 4050.00 22% - - -
Chromium(VI) <0.4 - = <0.4 - - 0.08 - = 6.60 7.20 9% 7.70 10.00 26% - - -
Total Cyanide <0.2 - = <0.2 - = 12.40 - = 74.30 71.20 4% 301.00 245.00 21% - - -
Benzo[a]pyrene <0.01 - = <0.01 - - 0.14 0.18 25% 6.34 - - - = = : - -
Naphthalene <0.01 - - <0.01 - = 0.10 0.12 18% 6.58 - = - - = & = =
Pyrene <0.02 - = <0.02 = = 0.12 0.18 40% 4,14 - = - - = G = =
Benzo[a]lpyrene TEQ (LOR) 0.03 - - 0.03 - - 0.39 0.54 32% 12.23 - - - - - - - -
Benzo[alpyrene TEQ (Zero) <0.01 - = <0.01 - = 0.23 - = 12.05 - = - - = = 5 =
pH - - - - - - 21.00 20'Q0 5% 24.00 - - - - - - - -
Reference 18-01469-38| 18-01469-38 18-01469-50 18-01469-50 18-01469-52 | 18-01469-52 18-01469-76 | 18-01469-76 18-01469-66 | 18-01469-66 18-06896 18-06896
Description 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675 5137675
Sample Description 135_WNS 135_WNS RPD* 231_HA Depth 0.1 231_HA RPD* 47 _A=\W 47_A_W RPD* 35_H Depth | 35_H Depth RPD* 17_WNS 17_WNS RPD* HA_B_47A_O|HA_B_47A_0 RPD*
Depth 2.5 Depth 2.5 Depth 0.1 Depth 01 Depth 0.1 0.5 0.5 Depth 3.5 Depth 3.5 2 2
Depth 2.5 2:5 0.1 0.1 0.1 0.1 0.5 0.5 3.5 3.5 0.1 0.1
Submitted Sample Type Soil Soil Soil Soil Soil Soil Soil Soil Soil Soil Soil Soil
Arsenic <0.2 - - <0.2 - - 0.40 - - 0.30 - - - - = 117 17 0%
Cadmium 26.30 23.40 12% 5.71 - 4 11.80 13.00 10% 21.40 20.00 7% 7.84 8.14 4% 5.75 5.63 2%
Chromium 3:27 3.29 1% 0.79 - = 1594 1.23 10% 1.83 1.70 7% 0.58 0.55 5% 0.083 0.078 6%
Copper 200.00 195.00 3% 10.60 - = 27.60 32.30 16% 76.50 88.60 15% 2.66 2.27 16% 14.2 14.3 1%
Lead 12.50 11.50 8% 0.10 - = 0.22 0.26 17% 1.98 2.03 2% 0.02 0.02 5% 15 151 1%
Mercury 45.60 44.10 3% 17.10 - = 19.40 19.80 2% 43.50 48.20 10% 11.00 10.70 3% 40.9 40.3 1%
Nickel 708.00 649.00 9% 17.00 5 - 149.00 161.00 8% 97.30 96.10 1% 5.66 5.28 7% 11.6 11.7 1%
Zinc 6290.00 7440.00 17% 61.50 - = 249.00 280.00 12% 1300.00 1120.00 15% 9.39 8.30 12% 7774 78.4 1%
Chromium(VI) 0.75 0.65 14% 0.08 - = 0.09 0.10 4% 1.40 1.40 0% 0.03 0.03 18% - - -
Total Cyanide 126.00 121.00 4% 13.00 - = 27.30 28.70 5% 28.40 29.90 5% 9.55 9.80 3% - - -
Benzo[a]pyrene <0.02 - S 0.55 0.61 10% 1.26 - S 4.15 = = - - = S 5 <
Naphthalene <0.01 - = 0.34 0.34 0% 0.71 - . 3.26 - = - - = = = -
Pyrene <0.01 = = 060 0.52 14% 0.79 - - 1.63 - = - - = = = =
Benzo[a]pyrene TEQ (LOR) <0.02 - = 14 1.40 3% 1.75 - z 5.50 - = - - s S s =
Benzo[a]pyrene TEQ (Zero) 0.03 - = 0.77 - = 2.19 - - 8.70 - = - - = = = B
pH 21.00 - - 18.00 - - 18.00 - - 19.00 - - - - - - - -
RPD* - Relative Percentage Difference
5137675 15/02/18
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18-01469-82 18-01469-83
Units PaL 5.137675 5.137675
Rinsate 1 Trip Blanks
Clean,\Water Clean Water
Arsenic g/ m3 0.0005 <0:0005 <0.0005
Beryllium g/ m3 0.00001 <0.00001 <0.00001
Boron g_/ m3 0.005 <0.005 0.007
Cadmium g/mS 0.00001 <0.00001 <0.00001
Chromium g/m3 0.0002 <0.0002 <0.0002
Copper g/m3 0.0002 0.0004 <0.0002
Lead g/m3 0.00005 0.00008 <0.00005
Mercury g/m3 0.0001 <0.0001 <0.0001
Nickel g/m3 0.0002 <0.0002 <0.0002
Zinc g/m3 0.001 <0.001 0.003

5137675

Environment Canterbury Detailed Site Investigation

s 9(2)(a)
QA/QC Table 2

13/02/18
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Analytica Laboratories Limited
Ruakura Research Centre

10 Bisley Road

Hamilton 3214, New Zealand
Ph +64 (07) 974 4740
sales@analytica.co.nz
www.analytica.co.nz

ANALVTICA ‘,
LABORATORIES

Certificate of Analysis

P o |
2
GHD - Christchurch Lab Reference:  18-01469 q%

138 Victoria Street Submitted by: David Jackson

Christchurch Date Received:  17/01/2018

Attention: Hannah Galloway Date Completed: 30/01/2018

Phone: 027 250 5817 Order Number: 0
Email: david.jackson@ghd.com Reference: 5137675 ?s

Sampling Site: Q

Soil Aggregate Properties and Nutrients

Client Sample 1D 474 WS DePIN 43 Ha Depth 0.1 43_HA Depth 1.2 233_W Depth 1.5 231_W Depth 0.5

Date Sampled

pH" pH | | ] Wa\ _
Total Cyanide* mg/kg 02 <0.2 <02 <0.2 0.5 <0.2
Soil Aggregate Properties and Nutrients .

Client Sample ID 229 HDepth02 233 0Depth01 229 0Depth25 229 0Depth15 229 HDepth0.1

Date Sampled

Total Cyanide*

235A_HA Depth

Client Sampie ID  5_HA Depth 0.1 5 HA Depth20 7A_HA Depth 0.1 0.1 35_0 Depth 0.3

Date Sampled

Total Cyanide” a “Yadkg| 02 | <02 ‘ <02 02 ' 05 03
DU

Soil Aggregate R ies and Nutrients
Client Sample ID 7A_HADepth 1.5 O HADepth0.1 9 HADepth16 235 HADup  41-Vhis Depth

Date Sampled

o
\Total Cyanide* mg/kg 02 <0.2 <0.2 <0.2 <0.2 1.98

All tests reported herein have been
. performed in accordance with the
@ laboratory’s scope of accreditation,
with the exception of tests marked *,

ACCREDITED LABORATORY Which are notaccredited.

Report ID 18-01469-[R01] Page 1 of 17 Report Date 30/01/2018
This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories



Soil Aggregate Properties and Nutrients
237 HADepth 41 WND Depth 135 WNS Depth 237 WND Depth

Client Sample 1D 0.1 25 25 237_W Depth 1.5 25
Date Sampled
R R Y ——T—

Soil Aggregate Properties and Nutrients

Client Sample ID 237_H¢2Depth 1 35_WBI% Depth ’135_Wf(\)12 Depth 135_W§% Depth 231 _H1A.L,: oth

Date Sampled

Total Cyanide*

Soil Aggregate Properties and Nutrients

233 HA Depth 231 HA Depth 47 A W Depth 37 W1 Depth 06 37 W1 Depth 15

Client Sample ID 0.1 0.1 0.1

Date Sampled

Total Cyanide” mg/kg ___Q\-!--_

Soil Aggregate Properties and Nutrients

Client Sample ID 37 _W1 Depth 2.2 37 \/2 Depth 2.6 “7—WN,|5%Depm 37 W2 Depth 15 17—WN256Depth

Date Sampled

o ok | v | | ““
-Ké_—__—

Soil Aggregate Properties and Nutrie n}&

Client Sompla D 231_W Depth 0.1 “A-WNSDEPIN 5 1y popty 1.5 42 WNS Depth - 5A_WHS Depth

Dale Sampled

ToalCyonide (S mokg| 02 | <02 | 2 | <2 | <2 | 02 |
N
[ /

operties and Nutrients

45 WW Depth
25

9 WNS Depth

9 W Depth 2.6 >

Client Sample ID 35 H Depth 0.5 45 H Depth 0.5

Date Sampled

b_ﬂl_
Total Cyanide” mg/kg _____

Report ID 18-01469-[R01] Page 2 of 17 Report Date 30/01/2018
This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories




Soil Aggre

pH*

operties and Nutrients

Client Sample ID 3A 0 12

Date Sampled

pH

Total Cyanide*

mg/kg

Total Heavy Metals in Water

Client Sample ID Rinsate 1 Trip Blanks

Date Sampled

Arsenic g/m3| 00005 | <00005 | <0.0005 \
Beryllium g/m3 | 0.00001 <0.00001 <0.00001 0
Boron g/m® | 0005 <0.005 0.007 v
Cadmium g/m3 | 0.00001 <0.00001 <0.00001

Chromium g/m3 | 0.0002 <0.0002 <0.0002 Q

Copper a/m® | 0.0002 0.0004 <0.0002 . O

Lead g/m3 | 0.00005 0.00008 <0.00005 \\

Mercury ag/m3 | 0.0001 <0.0001 <0.0001 (b

Nickel g/m® | 0.0002 <0.0002 <0.0002

Zinc g/m? | 0.001 <0.001 0.003 &@

Heavy Metals in Soil O

47A WS Depth

Client Sample ID 14

5 0 Depth U1 43 HADepth 0.1 43 HADepth 12 43 0 Depth 0.1

Date Sampled

598 S¢ N 10.4 4.68 3.56 15.0

Arsenic mg/kgdrywt | 0.125

Beryllium mg/kg drywt | 0.013 off \ S 1.07 0.80 0.62 3.23
Boron mgkgdrywt | 1.25 460,/ 17.9 478 1.90 106
Cadmium mg/kg drywt | 0.005 /918 0.19 0.089 0.022 1.98
Chromium ma/kg drywt | 0.125 N 174 144 1.0 34.9
Copper mg/kg drywt | 0.075 @‘ 16.7 157 7.94 576 282
Lead mgkgdrywt | 0. 113 209 28.6 101 1,810
Mercury ma/kg dry wt %s 0.081 0.095 0.062 0.048 25
Nickel ma/kg dry wt 124 291 18 104 427
Zinc mag/kg d(‘ 05 134 213 65.3 358 1,290

A J

Heavy Metals in Soi 0

Client Sample ID 233 W Depth 1.5 231 W Depth 0.5 231 0Depth0.1 229 HDepth0.2 233 0 Depth 0.1

Date Sampled

mgkgdrywt | 0.125 971 490 ' 110 ’ 420 467

Arsenie, (/9
Berylliugi mg/kgdrywt | 0.013 5.68 078 0.85 6.75 0.75
e/ mgkgdrywt | 1.25 472 6.21 9.60 438 10.3
um mg/kg drywt | 0.005 5.20 0.027 0.29 125 0.070
Chromium mo/kgdrywt | 0.125 80.3 156 15.9 791 145
Copper mg/kg drywt | 0.075 5,300 108 36.0 6,080 154
Lead mgkgdrywt | 0.05 6,580 16.0 183 3,400 32.8
Mercury ma/kg drywt | 0.025 11 0.11 0.18 0.36 0.068
Nickel mgkgdrywt | 0.05 680 122 131 182 18
Zinc mgkgdrywt | 0.05 5420 40.9 172 1,990 712
Report ID 18-01469-[R01] Page 3 of 17 Report Date 30/01/2018

This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories



Client Sample ID 233 W Depth24 229 0 Depth 2.5

Date Sampled

229 0 Depth 1.5

229 H Depth 0.1

5 _HA Depth 0.1

Arsenic mg/kg drywt | 0.125 1.69 5.40 3.80 25.1 10.2
Beryllium mg/kgdrywt | 0.013 0.64 0.75 0.73 473 0.73
Boron mg/kgdrywt | 1.25 10.0 5.90 5.36 284 8.62
Cadmium mg/kg dry wt | 0.005 0.18 0.035 0.025 432 012 -~
Chromium mg/kg drywt | 0.125 13.1 14.1 12.8 56.8 15 4y P
Copper mg/kg drywt | 0.075 9.41 8.33 7.20 559
Lead mg/kgdrywt | 0.05 207 115 10.5 3,840
Mercury mg/kg drywt | 0.025 0.077 0.064 0.051 6.6 '\06!
Nickel mg/kgdrywt | 0.05 17.0 12.1 117 743 12.9
Zinc mg/kgdrywt | 0.05 287 440 38.2 3100 7|0 82.9

> A4
Heavy Metals in Soil

Client Sample ID

Date Sampled

0.125

5 _HA Depth 2.0

7A_HA Depth 0.1

3A_0 Depth 0.2

35~ HA Depth

N1

35_0 Depth 0.3

Arsenic mg/kg dry wt 356 5.70 Q) 226 832
Beryllium mg/kgdrywt | 0.013 0.69 0.76 | 096 423 104
Boron ma/kgdrywt | 1.25 6.42 8.21 K\J117 195 498
Cadmium mg/kg dry wt | 0.005 0.022 020, LN 02 2.98 10.0
Chromium mg/kg dry wt | 0.125 12.0 150 NS 171 407 84.4
Copper mg/kg dry wt | 0.075 752 470 387 634
Lead mg/kg drywt | 0.05 105 * 237 2,430 8,810
Mercury mg/kg dry wt | 0.025 0067 | 069 0.12 36 11
Nickel mg/kgdrywt | 0.05 10.6 N 12.7 173 60.2 116
Zinc mg/kgdrywt | 0.05 38 Sy MERTY 187 1,760 6,240
Heavy Metals in Soil U

Client Sample ID 7A_HA Depth 1.5

Date Sampled

9_HA Depth 0.1

9 HA Depth 1.6

17_0 Depth 0.4

7B_0 Depth 0.2

Arsenic mg/kg dry wt, 493 4.67 5.58 12.2 448
Beryllium mg/kg drymd 0,013 0.91 0.76 1.0 1.91 0.72
Boron mglkg& 1.25 8.98 8.11 7.93 384 5.94
Cadmium Ing/Kgdy'wt | 0.005 0.036 0.071 0.028 1.24 0.12
Chromium %g dywt | 0125 159 16.0 16.4 279 136
Copper > mdkgdrywt | 0075 9.55 7.18 104 123 27.0
Lead Jmgkgdrywt | 0.05 18.7 246 16.1 1,370 69.0
Mercury % mg/kg dry wt | 0.025 0.076 0.057 0.075 0.72 0.060
Nickel ,,',b‘ mglkg dry wt | 0.05 135 13.1 14.2 298 12.3
zinc \\J mg/kgdrywt | 0.05 545 73.7 53.0 670 90.6

A
0'7 etals in Soil

Client Sample ID

Date Sampled

0.125

235 _HA Dup

41_0 Depth 0.1

41 WND Depth
3.7

41 WNS

35

Depth
=

HA Depth
0.1

Arsenic mg/kg dry wt 17:5 5.88 497 493 6.03
Beryllium mg/kgdrywt | 0.013 2.96 0.82 0.90 2.26 0.76
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Heavy Metl in Soil

41_WND Depth 41 WNS Depth  237_HA Depth

Client Sample 1D 235_HA Dup 41_0 Depth 0.1 37 35 0.1

Date Sampled

Boron mg/kgdrywt | 1.25 118 7.06 139 174 975
Cadmium mg/kg dry wt | 0.005 206 0.059 105 6.89 0.26
Chromium mg/kg dry wt | 0.125 333 16.6 299 64.2 154
Copper mg/kgdrywt | 0.075 225 11.6 361 933 185

Lead mg/kgdrywt | 0.05 1,740 283 3,250 16,500 63.0
Mercury mg/kg dry wt | 0.025 20 0.084 77 49 024 %
Nickel mg/kgdrywt | 0.05 46.1 13.8 301 8,980 20]

Zinc mg/kgdry wt | 0.05 1,210 64.0 6,890 4,280 51 49\-’
Heavy Metals in Soil

41 WNS Depth 41 WND Depth 41 WNS Depth : 41 WNS Depth
42 25 0.1 438

Client Sample ID

Date Sampled

Arsenic mgkgdywt | 0125 | 294 ' 617 ' 258 SN 126 | 720

Beryllium ma/kg drywt | 0.013 1.05 9.70 4.98 v 714 0.73
Boron mgkgdrywt | 1.25 60.9 694 1987, 567 243
Cadmium ma/kg drywt | 0.005 1.98 432 e&' 333 0.14
Chromium mg/kgdrywt | 0.125 19.0 68.9 o~ 40 834 13.1
Copper mg/kg drywt | 0.075 166 4,250 N J489 3,420 346
Lead mgkgdrywt | 0.05 2,500 7,180 N 4,410 5,340 17
Mercury mg/kg dry wt |  0.025 3.1 062 NN\| 82 0.36 0.38
Nickel ma/kgdrywt | 0.05 106 250, 56.7 201 242
Zinc mgkgdrywt | 0.05 1,220 . m‘ 2,990 4,010 148
\ "4
Heavy Metals in Soil > C)\

235_HA DPepin 135_WNS Depth  135_WNS Depth
01 3.0 2:5

135_WNS Depth

Client Sample ID 5

237_W Depth 1.5

Date Sampled

Arsenic mg/kg dry wt | 0125 322 | 682 263 | 415 ' 118

Beryllium ma/kgdrywt | 0 4.42 1.71 3.27 0.81 7.39
Boron ma/kg dry wtd, (425 256 345 200 3.60 576
Cadmium mg/kg dry w 005 594 1.28 125 0.032 1.24
Chromium mg/kg df Wit~ 0.125 76.4 90.5 456 13.6 108
Copper Wt | 0.075 640 4,870 708 592 3,620

Lead

g dry wt 0.05 5,490 1,630 6,290 143 4,630
gdrywt | 0.025 6.2 0.34 0.75 0.060 0.27
Nickel /" ymg/kg dry wt 0.05 813 3,510 126 17 321

237_WND Depth 237 _HA Depth 135_WNS Depth  135_WNS Depth 135 _WND Depth

Client Sample ID o5 12 05 36 03

Date Sampled

[ Arsenic mgkgdrywt | 0125 | 325 ' 6.70 932 ' 110 ' 83.0

Beryllium mg/kgdrywt | 0.013 0.69 0.83 7.97 0.39 8.51
Boron mg/kg dry wt 1.25 9.98 6.42 533 115 529
Cadmium mg/kg dry wt | 0.005 0.021 0.054 2.39 0.22 3.84
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Heavy Metl in Soil

Client Sample 1D

25

Date Sampled

237_WND Depth

237_HA Depth

1.2

135_WNS Depth

0.5

135_WNS Depth

3.6

135_WND Depth
03

Chromium mg/kgdrywt | 0.125 12.7 143 131 9.03 131
Copper mg/kgdrywt | 0.075 8.70 7.16 3,030 319 1,870
Lead mg/kg dry wt 0.05 13.2 17.8 7,620 64 .4 8,730
Mercury mg/kgdrywt | 0.025 0.059 0.068 18 0.068 15
Nickel mg/kg dry wt 0.05 111 109 155 9.78 178
Zinc mg/kg dry wt 0.05 421 53.9 6,360 114 5,860 .
Heavy Metals in Soil 9,

Client Sample ID

25

Date Sampled

135 WND Depth

231 HA Depth
15

15

HA Depth
0.1

135 WN

15

D Depth
=~

HA Depth
0.1

Arsenic mgkgdrywt | 0.125 471 2.14 7.31 68 5.71
Beryllium mg/kg drywt | 0.013 0.75 0.89 1.02 (\ 296 0.79
Boron mgkgdrywt | 1.25 26.4 8.97 147 7 435 106
Cadmium mg/kg drywt | 0.005 0.14 0.029 0.25 W 749 0.10
Chromium mgkgdrywt | 0.125 152 148 17270 107 17.1
Copper ma/kg drywt | 0.075 944 8.33 N 5,430 170
Lead mg/kgdrywt | 0.05 90.6 19.7 32 11,500 61.5
Mercury mg/kg dry wt | 0.025 0.083 0.087 . J0.24 0.30 0.080
Nickel mgkgdrywt | 0.05 144 118 N 15.9 213 13.0
Zinc mg/kgdrywt | 0.05 133 29 NN\|T 161 11,200 69.9
-
Heavy Metals in Soil o €/

Client Sample ID

35

Date Sampled

135_WND Depth

47_A_W Depth

0.1

37_W1 Depth 0.1

37 W1 Depth 0.6

45_WNS Depth
0.1

Arsenic mgkgdywt | 0125 | (/285 11.8 13.0 244 10.7
Beryllium mgkgdrywt | 0.013 L "\ 063 1.11 174 2,67 0.83
Boron mgkgdrywt | 1.25 Y,* 9.19 27.6 447 149 12.0
Cadmium ma/kgdrywt | 0 0.062 022 0.61 115 0.26
Chromium ma/kg dry wt| o 130 194 36.2 55.3 177
Copper mg/kg dry w 075 16.1 149 192 1,110 318
Lead mg/kg df Wit~ 0.05 225 249 1,220 2,100 269
Mercury Wt | 0.025 0.079 0.094 0.17 0.37 0.23
Nickel wt| 005 121 273 346 875 14.1
Zinc akg drywt | 0.05 50.7 246 784 1,910 199

5A WNS Depth 17 WNS Depth

Client Sample ID 02 0.1

37 W1 Depth 1.5 9 WNS Depth 0.1 37_W2 Depth 0.2

Date Sampled

Arsenic 1 0125

Beryllium mg/kgdrywt | 0.013 0.79 1.28 432 0.72 1.13

Boron mg/kg dry wt 1.25 791 199 282 7.90 6.31
Cadmium mg/kg dry wt |  0.005 0.18 1.05 228 0.16 0.054
Chromium mg/kgdrywt | 0.125 159 283 701 143 18.2
Copper mg/kgdrywt | 0.075 156 96.4 1,600 129 135
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Heavy Metl in Soil

5A_WNS Depth

Client Sample 1D 02

L 7—WNOS,|Dep‘h 37 W1Depth 15 9 WNS Depth 0.1 37 W2 Depth 0.2

Date Sampled

Lead mg/kg drywt | 0.05 97.3 858 6,280 94 6 496
Mercury mg/kg drywt | 0.025 0.12 058 0.81 0.063 0.091
Nickel mgkgdrywt | 0.05 122 26.6 146 106 156
Zinc mgkgdrywt | 0.05 119 609 3,410 111 76.5

Heavy Metals in Soil

Client Sample ID 37_W1 Depth 2.2 233 W Depth 0.1

Date Sampled

37_ W1 Depth26 37 W2 Depth 2.6

17_WNS Deptt
1

Arsenic mg/kgdrywt | 0.125

Beryllium mg/kgdrywt | 0.013 1.32 3.34 0.69
Boron mg/kg dry wt 1.25 377 143 3.35
Cadmium mg/kg dry wt | 0.005 0.82 229 0.022
Chromium mg/kgdrywt | 0.125 233 348 1.2
Copper mg/kgdry wt | 0.075 496 685 6.23
Lead mg/kg dry wt 0.05 607 2,100 942
Mercury mg/kg dry wt | 0.025 0.12 14 0.058
Nickel mg/kg dry wt 0.05 291 423 972
Zinc mg/kg dry wt 0.05 725 1,750 355

Heavy Metals in Soil

Client Sample ID

17 WNS Depth

Date Sampled

mg/kg dry wt

3:5

237_W Depth 0.1

37_W2 Depth 1.5

17 WNS Depth

26

231_W Depth 0.1

[ Arsenic

Beryllium mg/kg drywt | 0.013 0.93 0.76 0.60 0.82
Boron mgkgdywt | 125 | z 12.4 3.65 2.49 4.61
Cadmium mgkg drywt | 0.005 YL N\ 0.64 0.025 0.024 0.14
Chromium mgkgdrywt | 0125 §,* 110 20.6 138 103 14.9
Copper mgkgdrywt | 0 5.66 38.5 7.14 4.86 25.7
Lead mg/kg dry w4, 1005 9.39 153 115 9.20 94.7
Mercury mg/kg dry w 025 0.030 0.11 0.059 0.026 0.086
Nickel mg/kg df Wit~ 0.05 9.55 16.4 12.0 8.85 12.3
Zinc mms,m 0.05 333 248 40.0 320 88.2
Heavy Metals in Soil )

Client Sample D | 35:H Dapth 15 | *ANWNS Bt | 5 by papin .5, | 42 NS Depth: (24 WHS Depih

25 = S 1.5

Date Sampled

0.125

mg/kg dry wt 361 282 387 475 6.59
3eryllium mg/kgdrywt | 0.013 0.69 0.58 0.68 0.89 0.88
Boron mg/kg dry wt 1.25 3.09 1.77 2.34 2.32 2.32
Cadmium mg/kg dry wt | 0.005 0.055 0.021 0.024 0.021 0.026
Chromium mg/kgdrywt | 0.125 118 10.8 129 151 145
Copper mg/kgdrywt | 0.075 7.20 5.11 5.89 9.08 8.21
Lead mg/kg dry wt 0.05 147 9.19 13.0 144 123
Mercury mg/kg dry wt | 0.025 0.066 0.043 0.042 0.064 0.068
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Heavy Metl in Soil

Client Sample 1D

35_H Depth 1.5

5A_WNS Depth

45 H Depth 1.5

45 _WNS Depth

5A_WNS Depth

25 1.5 NS
Date Sampled
Nickel mg/kg dry wt 0.05 9.82 9.08 10.8 133 122
Zinc mg/kg dry wt 0.05 438 341 38.3 457 44 6
Heavy Metals in Soil

Arsenic

Client Sample ID

Da

te Sampled

0.125

35 _H Depth 0.5

45 _H Depth 0.5

45 WW Depth
25

9 W Depth 2.6

45 WNS Depthi

3.5

mg/kg dry wt | 214 6.30 276 482 L 343
Beryllium mgkgdrywt | 0.013 183 087 0.64 087 ( |4¥ 060
Boron mgkgdrywt | 1.25 76.5 3.90 1.89 2.3 O 161
Cadmium mg/kg dry wt | 0.005 108 0.15 0.020 0.029; 0023
Chromium mg/kg dry wt | 0.125 435 15.4 102 L 111
Copper mgkgdrywt | 0.075 973 198 570 (\®52 544
Lead mgkgdrywt | 0.05 1,300 124 838 SN 1238 14
Mercury mgkgdrywt | 0.025 14 011 0.047 VT 0.067 0.051
Nickel mgkgdrywt | 0.05 284 123 125 9.12
Zinc mgkgdrywt | 0.05 950 127 491 370
Heavy Metals in Soil

Client Sample ID 9 _WNS Depth 1.5

Date Sampled

0.125

3A 0 12

3A 0 46

Arsenic mg/kg dry wt 5.18 135 18.9 3.03
Beryllium mg/kg dry wt | 0.013 0.91 S( . 353 0.61 4.16 0.39
Boron mgkgdrywt | 1.25 2407 173 5.68 190 203
Cadmium mgrkg dry wt | 0.005 0.0 ) 2.91 0.041 3.40 0.13
Chromium mg/kg drywt | 0.125 451 62.3 11.9 57.1 5.11
Copper mg/kg dry wt | 0.075 9lbg 333 5.95 582 16.3
Lead mgkgdrywt | 0.05 % [8\ ™ 139 2,330 60.7 3,090 14.9
Mercury mg/kg dry wt | 0.0 0.092 24 0.063 0.83 0.14
Nickel mg/kg dry wt p-gs 13.1 97.7 9.92 799 7.33
Zinc mg/kg dry wt 3, ‘€05 5.2 1,500 39.6 2,730 321
Heavy Metals in Soil U

Ciient Sample ID

Date Sampled

0.125

35 0 24

35 020

Arsenic mg/kg dry wt 233 439 187 752 80.0
Berylli!m S:‘V mg/kgdrywt | 0.013 0.61 0.82 235 8.15 7.39
Boron.., mg/kg dry wt 1.25 10.6 14.2 274 587 479
mg/kg dry wt |  0.005 0.16 0.82 141 545 457
ium mg/kgdrywt | 0.125 137 19.2 895 775 84.1
er mg/kgdry wt | 0.075 8.91 178 595 1,840 772
Lead mg/kg dry wt 0.05 144 115 9,300 9,300 6,010
Mercury mg/kgdry wt |  0.025 0.11 0.22 0.94 84 82
Nickel mg/kg dry wt 0.05 11.3 184 279 167 165
Zinc mg/kg dry wt 0.05 68.7 374 11,700 4480 3,090
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Polycycli atic Hydrocarbons - Soil

47A WS Depth

Client Sample ID 14

43 HA Depth 0.1 43 HA Depth 1.2 233_W Depth 1.5 231_W Depth 0.5

Date Sampled

1-Methylnaphthalene mgkg | 001 | <001 <001 <001 ’ <001 <001

2-Methylnaphthalene mag/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Acenaphthene mg/kg 0.01 <0.01 <0.01 <0.01 0.03 <0.01
Acenaphthylene mg/kg 0.01 0.03 0.01 <0.01 0.56 <0.01_ [ ¢ 3
Anthracene mg/kg 0.01 0.02 0.01 <0.01 0.39 <0.
Benz[a]anthracene mg/kg 0.02 0.14 0.07 <0.02 497 0.
Benzolapyrene matkg | 0.01 0.15 0.06 <0.01 7.04 NS0/
Senaopl makg | 0.02 0.23 0.10 <0.02 B0 M .02
Benzol[g,h,i]perylene mg/kg 0.02 0.11 0.05 <0.02 6.63 T <002
Benzolk]fluoranthene mg/kg 0.01 0.09 0.03 <0.01 3.18?* <0.01
Chrysene mg/kg 0.01 0.21 0.10 <0.01 A20 <0.01
D benz(a,h)anthracene mgkg | 0.01 0.02 <0.01 <0.01 IRYAC <0.01
Fluoranthene mgkg | 0.02 0.38 0.23 <002 +/ { 800 <0.02
Fluorene mg/kg 0.01 <0.01 <0.01 <001 - . 0.04 <0.01
Indeno(1,2,3-cd)pyrene makg | 0.01 0.10 0.04 <0.01 € M\ 6.48 <0.01
Naphthalene mg/kg 0.01 <0.01 <0.01 <0 \vit 0.04 <0.01
Phenanthrene mg/kg 0.01 0.12 0.09 1% 0.98 <0.01
Pyrene mg/kg | 0.02 0.39 0.23 P r\{qo'z 9.62 <0.02
R%"ﬁ‘)’[a]pwe“e = makg | 0.01 0.23 010 n{\VOM 1065 0.03
?Z‘::f)‘)’[a]py’e"e HEY makg | 0.0 023 0@\\ <0.01 1065 <0.01
Aliiheac ne, g %| 1 995 . @ 1018 1025 1019
(Surrogate) 4

®
Polycyclic Aromatic Hydrocarbons - Soil \

Client Sample ID 229 HDepth0Z 233 0Depth0.1 229 0Depth25 229 0Depth15 229 H Depth 0.1

Date Sampled

1_Methy|naphlhalene mg/kg T 001 * 20,01 y <001 : e | T —

2-Methylnaphthalene mg/kg 0.@( il <0.01 <0.01 <0.01 <0.01 0.03
Acenaphthene ma/kg 4 “ <0.01 <0.01 <0.01 <0.01 0.17
Acenaphthylene mg/kg‘ 01 0.07 <0.01 <0.01 <0.01 0.59
Anthracene 0.01 0.08 <0.01 <0.01 <0.01 0.80
Benz[a]anthracene < M 0.02 0.58 0.03 <0.02 <0.02 6.34
Benzo[a]pyrene \47kg 0.01 0.54 0.02 <0.01 <0.01 8.20
Sopzolial Db mgkg | 002 076 0.04 <002 <0.02 969
Benzo[g,h,i]pelyleap mg/kg 0.02 0.35 <0.02 <0.02 <0.02 6.70
Benzo[k]fluor: ne/ mg/kg 0.01 0.26 0.01 <0.01 <0.01 3.68
Chrysene =, mg/kg 0.01 0.54 0.04 <0.01 <0.01 5.30
D bel racene mg/kg 0.01 0.07 <0.01 <0.01 <0.01 1.05
Fluo e mg/kg 0.02 1.27 0.08 <0.02 <0.02 11.37
Fluorene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 0.18
eno(1,2,3-cd)pyrene mg/kg 0.01 0.35 0.02 <0.01 <0.01 6.58
Naphthalene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 0.05
Phenanthrene mg/kg 0.01 0.37 0.04 <0.01 <0.01 414
Pyrene mg/kg 0.02 1.29 0.08 <0.02 <0.02 12.23
ﬁ_%“é‘)’[“"’y’e“e aEe mgkg | 0.01 0.81 0.04 0.03 0.03 12.05
?Z‘z’:f)‘)’[a]py'e“e HEE mgkg | 0.01 0.81 0.03 <0.01 <0.01 12.05
Report ID 18-01469-[R01] Page 9 of 17 Report Date 30/01/2018

This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories



Polycyclic matic Hydrocarbons - Soil

Client Sample ID 229 HDepth 0.2 233 0Depth 0.1 229 0Depth25 229 0Depth 1.5 229 H Depth 0.1

Date Sampled

Anthracene-d10

% 1 1023 102.8 1024 101.2 1045
(Surrogate)

Polycyclic Aromatic Hydrocarbons - Soil

235A_HA Depth

Client Sample ID 5 HA Depth 0.1  5_HA Depth2.0 7A_HA Depth 0.1 0.1 35_0 Depth 0.3

Date Sampled

1-Methylnaphthalene mgkg | 001 | <001 [ <001 ’ <001 [ 001 | TNQ.16

2-Methylnaphthalene makg | 0.01 <0.01 <0.01 <0.01 <0.01 *\' 0.13
Acenaphthene ma/kg | 0.01 <0.01 <0.01 <0.01 006 (|4 025
Acenaphthylene makg | 0.01 <0.01 <0.01 0.02 0.2?‘-’ 137
Anthracene mg/kg 0.01 <0.01 <0.01 0.02 0.39 223
Benz[a]anthracene mg/kg 0.02 0.06 <0.02 0.13 2; 2410
Benzo[a]pyrene mgkg | 0.01 0.05 <0.01 0.13 o CN2TT 13.82
Denzolvisnl makg | 0.02 0.09 <0.02 0.19 \»V 352 32,96
Benzo[g,h,i]perylene mg/kg 0.02 0.04 <0.02 0.1 % 1.69 10.36
Benzolk]fluoranthene mg/kg 0.01 0.03 <0.01 (&‘ 1.22 6.30
Chrysene mg/kg 0.01 0.07 <0.01 -, 222 38.42
D benz(a,h)anthracene matkg | 0.01 <0.01 <0.01 ( Yoo 0.31 249
Fluoranthene makg | 0.02 0.15 <0.02 037 6.19 179.91
Fluorene mg/kg 0.01 <0.01 <0.01\ <0.01 0.08 0.36
Indeno(1,2,3-cd)pyrene mgkg | 0.01 0.04 <091 N 0.08 1.81 10.73
Naphthalene mg/kg 0.01 <0.01 & %1\ <0.01 0.02 0.16
Phenanthrene mg/kg | 0.01 0.05 ,.\ 1 0.14 2.33 12.95
Pyrene mgkg | 0.02 0.15 * L\ J<002 0.38 6.20 24 .48
R%",g‘)’[al"y’e“e USE makg | 0.0 0.(}&‘» 0.03 0.19 410 25.90
?Z‘;’:f)‘)’[a]pwe“e TEQ mgkg | 001 OAU <0.01 0.19 410 25.90
?S“f::;:g;*"o % | 1 @1.5 108.0 1036 104.9 104.0

Polycyclic Aromatic Hydrocarbons ‘o}’

41 WNS Depth

ClieniSerip2ID 7A_HADepth 1.5 9 HADepth0O1 9 HADepth16 235 HA Dup o

Late Sampled

[ 1-Methyinaphthalene mgkg | 001 | <001 I <001 T <001 [ <001 I o027

2-Methylnaphthalene ,v mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 0.21

Acenaphthene (L makg | 0.01 <0.01 <0.01 <0.01 0.03 0.63

Acenaphthylefe/y, ™" mgkg |  0.01 <0.01 <0.01 <0.01 0.20 2.91

%\/ mg/kg 0.01 <0.01 <0.01 <0.01 0.25 10.01
Benz ene mg/kg 0.02 <0.02 0.03 <0.02 242 19.82
y'rene mg/kg 0.01 <0.01 0.02 <0.01 2.51 19.39
rambt}gﬂ mgkg | 002 <0.02 0.05 <0.02 328 2197
Benzol[g,h,i]perylene mg/kg 0.02 <0.02 0.02 <0.02 1.60 11.89

Benzo[k]fluoranthene mg/kg 0.01 <0.01 0.01 <0.01 117 9.59

Chrysene mg/kg 0.01 <0.01 0.07 <0.01 214 18.35

D benz(a,h)anthracene mg/kg 0.01 <0.01 <0.01 <0.01 0.25 3.46

Fluoranthene mg/kg 0.02 <0.02 0.13 <0.02 515 57.68

Fluorene mg/kg 0.01 <0.01 <0.01 <0.01 0.04 3.98
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Polycyclic matic Hydrocarbons - Soil

41_WNS Depth

3.5

Client Sample ID 7A_HA Depth 1.5 9 HA Depth 0.1 9 HA Depth 1.6 235 _HA Dup

Date Sampled

Indeno(1,2,3-cd)pyrene mg/kg 0.01 <0.01 0.02 <0.01 1.51 12.81
Naphthalene mgkg | 0.0 <0.01 <0.01 <0.01 0.02 0.27
Phenanthrene mg/kg 0.01 <0.01 0.06 <0.01 1.38 4324
Pyrene mg/kg 0.02 14419 0.13 <0.02 525 53.06
?L%"é‘)’["]pyre“e TEQ makg | 001 003 0.05 0.03 367 30.03

4
?Z";':f)‘)’[a]p"’e“e E makg | 0.01 <0.01 0.04 <0.01 367 30 7
Anthracene-d10 o
(Surtogate) % 1 1031 100.9 97.9 102.5 '\}U@
Polycyclic Aromatic Hydrocarbons - Soil \

237 HA Depth 41 WND Depth 135 WNS Depth
0.1 25 25

237 WND Depth

Client Sample ID 235

237_W Depth 1.5

Date Sampled

1-Methylnaphthalene mg/kg 0.01 <0.01 <0.01 <0.01 ‘ <0.01 <0.01
2-Methylnaphthalene mg/kg 0.01 <0.01 <0.01 <0 <0.01 <0.01
Acenaphthene mg/kg 0.01 0.02 <0.01 <0.01 <0.01
Acenaphthylene mg/kg 0.01 0.05 0.01 P A‘Q,O <0.01 <0.01
Anthracene makg | 0.01 0.13 0.02 % \_x0.01 <0.01 <0.01
Benz[a]anthracene mg/kg 0.02 040 0.06 (\\\ <0.02 <0.02 <0.02
Benzo[a]pyrene mg/kg | 0.01 0.29 007 NS <0.01 <0.01 <0.01
Senzomial mgkg | 002 045 . O\ <0.02 <0.02 <0.02
Benzolg,h,i]perylene mg/kg 0.02 0.23 ~ 0 <0.02 <0.02 <0.02
BenzolKifluoranthene mgtkg |  0.01 016 4 \NJ 0.04 <0.01 <0.01 <0.01
Chrysene mgkg | 0.01 043 SCNLY o1 <0.01 <0.01 <0.01
D benz(a,h)anthracene mg/kg 0.01 O‘ﬁ_\\ 0.01 <0.01 <0.01 <0.01
Fluoranthene mgkg | 0.02 1.3/ 0.12 <0.02 <0.02 <0.02
Fluorene mg/kg 0.01 %4)4 <0.01 <0.01 <0.01 <0.01
Indeno(1,2,3-cd)pyrene mg/kg 0.01 19 0.06 <0.01 <0.01 <0.01
Naphthalene mg/kg | 0.01 \Q'<0.01 <0.01 <0.01 <0.01 <0.01
Phenanthrene mg/kg 0. 0.70 0.07 <0.01 <0.01 <0.01
Pyrene mg/kg 133 0.15 <0.02 <0.02 <0.02
a%“ﬁ‘)’[a]w’e“e tEQ mgkof| Y001 046 0.11 0.03 0.03 0.03
éc::g;[a]pyrene =a \ju\ 0.01 0.46 0.11 <0.01 <0.01 <0.01
?S":"T’:gczg*”o ?\ % | 1 104.8 103.8 1016 976 104.1
4

Polycyclic Ar ik Hydrocarbons - Soil

237 HADepth 135 WNS Depth 135 WND Depth 135 WND Depth  231_HA Depth

Client Sample 1D 12 05 03 25 15

Date Sampled

ethylnaphthalene makg | 001 | <0.01 <001 <0.01 ’ <001 <0.01

1

2-Methylnaphthalene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Acenaphthene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Acenaphthylene mg/kg 0.01 <0.01 0.02 0.1 <0.01 <0.01
Anthracene mg/kg 0.01 <0.01 0.01 0.04 0.03 <0.01
Benz[a]anthracene mg/kg 0.02 <0.02 0.07 0.36 0.03 <0.02
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Polycyclic matic Hydrocarbons - Soil

: 237_HA Depth 135_WNS Depth 135 WND Depth 135 WND Depth  231_HA Depth
Client Sample ID 12 05 03 25 15

Date Sampled

Benzo[a]pyrene mg/kg 0.01 <0.01 0.13 0.25 0.02 <0.01
Benzo[b]&[j]
fiorailfiche mg/kg 0.02 <0.02 0.31 0.82 0.04 <0.02
Benzol[g,h,i]perylene mg/kg 0.02 <0.02 0.24 0.50 0.03 <0.02
Benzolk]fluoranthene mg/kg 0.01 <0.01 0.10 0.29 0.05 <0.01
Chrysene mg/kg 0.01 0.03 0.17 0.46 0.03 002 (
D benz(a,h)anthracene mgkg | 0.01 <0.01 0.03 0.06 <0.01 FY o N "d
Fluoranthene mgkg | 002 0.06 0.19 0.56 0.08 o/
Fluorene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 k< :
Indeno(1,2,3-cd)pyrene mg/kg 0.01 <0.01 0.18 042 0.02 T 01
Naphthalene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 p\. <0.01
Phenanthrene mg/kg 0.01 0.03 0.08 0.13 0.0 <001
Pyrene mg/kg 0.02 0.06 0.17 0.60 0.07 0.03
Benzo[a]pyrene TEQ
(LOR) mg/kg 0.01 0.03 0.22 0.51 N 0.03
Benzo[a]pyrene TEQ 'S O‘
(Zero) mg/kg 0.01 <0.01 0.22 0.51 N\ 0.03 <0.01

»
Snacang A1l %| 1 985 100.8 100.7 108.6 97.9
(Surrogate) £
Polycyclic Aromatic Hydrocarbons - Soil Q

233 HA Depth 231 HA Depth 47 A \(/]VVIDepth 37 W1 Depth 0.6 37 W1 Depth 15

Client Sample ID 0.1 01

Date Sampled

| 1-Methyinaphthalene mgkg | 001 | <001 [ ~N001 | oo 004 | oo3

2-Methylnaphthalene makg | 0.01 <001 4 \J<001 <0.01 0.04 0.03
Acenaphthene mgkg | 0.01 002 SCNY o002 0.02 0.19 0.10
Acenaphthylene mgkg | 0.01 00 "\ 0.06 0.08 1.81 1.28
Anthracene mgkg | 0.01 0.08./ 0.10 0.16 1.95 1.41
Benz[a]anthracene mg/kg 0.02 @4 0.55 1.26 29.07 21.38
Benzo[a]pyrene mg/kg 0.01 \Q 74 0.50 1.63 46 45 28.25
gl mokg | 002 "NV 105 066 151 4215 28.19
Benzolg,h,i]perylene mg/kg 2 0.59 0.37 0.75 2372 11.78
Benzo[k]fluoranthene mgrkg I, ‘€07 0.40 0.31 0.56 17.87 16.52
Chrysene m%}.m 0.75 0.55 0.56 1452 12.16
D benz(a,h)anthracene makgt 0.01 0.07 0.07 0.14 7.86 6.12
Fluoranthene _ \mgkg | 002 1.99 1.44 1.74 33.04 28.03
Fluorene makg | 0.01 0.03 0.03 0.03 0.33 0.21
Indeno(1,2,3-cd)pyre mg/kg 0.01 0.47 0.34 0.71 24 87 12.28
Naphthalene . makg | 0.01 <0.01 <0.01 <0.01 0.13 0.09
Phenanthrene . " ) mgkg | 0.01 0.63 0.60 0.79 778 7.18
Pyrene " 'é mgkg | 0.02 2.01 1.44 175 31.91 27.67
R%"mﬁw e mgkg | 0.0 110 077 219 66.18 4261
¢ yrene TEQ makg | 001 110 0.77 219 66.18 4261
(Su;:gcaet';‘;*“o % | 1 99.0 98.8 102.9 103.3 105.8
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Polycycli atic Hydrocarbons - Soil

17 WNS Depth
15

17 WNS Depth

Client Sample ID 37_W1 Depth 22 37 W2 Depth 2.6 26

37_W2 Depth 1.5

Date Sampled

1-Methylnaphthalene mgkg | 001 | <001 <001 <001 ’ <001 <001

2-Methylnaphthalene mag/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Acenaphthene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Acenaphthylene mg/kg 0.01 0.05 <0.01 <0.01 <0.01 <0.01_ [ ¢ 3
Anthracene mg/kg 0.01 0.05 <0.01 <0.01 <0.01 <0.
Benz[a]anthracene mg/kg 0.02 0.54 <0.02 <0.02 <0.02 0.
Benzolapyrene matkg | 0.01 0.69 0.02 <0.01 <0.01 NS0/
Senaopl makg | 0.02 0.83 0.04 <0.02 002 % .02
Benzol[g,h,i]perylene mg/kg 0.02 0.37 0.02 <0.02 <0.0 T <002
Benzolk]fluoranthene mg/kg 0.01 0.32 0.01 <0.01 <00 <0.01
Chrysene mg/kg 0.01 043 0.03 <0.01 5001 <0.01
D benz(a,h)anthracene mgkg | 0.01 0.06 <0.01 <0.01 IR <0.01
Fluoranthene mgkg | 0.02 0.83 0.05 <002 +| ( 002 <0.02
Fluorene mg/kg 0.01 <0.01 <0.01 <001 - . <0.01 <0.01
Indeno(1,2,3-cd)pyrene makg | 0.01 0.35 0.02 <0.01 € M\ <0.01 <0.01
Naphthalene mg/kg 0.01 <0.01 <0.01 <0 \vit <0.01 <0.01
Phenanthrene mg/kg 0.01 017 0.01 1% <0.01 <0.01
Pyrene mg/kg | 0.02 0.78 0.05 P r\{qo'z <0.02 <0.02
R%"ﬁ‘)’[a]pwe“e = makg | 0.01 0.97 004 n{\VOM 0.03 0.03
?Z‘Z':f)‘)’[a]py’e"e HEY makg | 0.0 0.97 OQ\\ <0.01 <0.01 <0.01
Aliiheac ne, g %| 1 105.8 . @»\ 100.9 103.3 1005
(Surrogate) 4

®
Polycyclic Aromatic Hydrocarbons - Soil \

45 WNS Depth 5A_WNS Depth
15

Client Sample ID 231_W Depth 0.1 5A—W"55509p‘h =

45 H Depth 1.5

Date Sampled

1-Methylnaphthalene mg/kg 0. 0.02 <0.01 <0.01 <0.01 <0.01
2-Methylnaphthalene mg/kg é <0.01 <0.01 <0.01 <0.01 <0.01
Acenaphthene mg/kg 0.15 <0.01 <0.01 <0.01 <0.01
Acenaphthylene mgh(\ .01 0.07 <0.01 <0.01 <0.01 <0.01
Anthracene 1 001 0.58 <0.01 <0.01 <0.01 <0.01
Benz[a]anthracene & & 0.02 1.93 <0.02 <0.02 <0.02 <0.02
Benzol[a]pyrene A mg/kg 0.01 1.74 <0.01 <0.01 <0.01 <0.01
genzolbiANl i @V mgkg | 002 184 <0.02 <0.02 <0.02 <0.02
Benzo[g,h,i]pe e‘to mg/kg 0.02 0.70 <0.02 <0.02 <0.02 <0.02
Benzo[k]ﬂug&%e mg/kg 0.01 0.83 <0.01 <0.01 <0.01 <0.01
Chwsseéé ,' mag/kg 0.01 1.00 <0.01 0.01 <0.01 <0.01
D bepz(a,hjanthracene mg/kg 0.01 0.15 <0.01 <0.01 <0.01 <0.01
rénthene mg/kg 0.02 346 <0.02 0.03 <0.02 <0.02
<%ne mg/kg 0.01 0.15 <0.01 <0.01 <0.01 <0.01
Irﬁeno(1 ,2,3-cd)pyrene mg/kg 0.01 0.73 <0.01 <0.01 <0.01 <0.01
Naphthalene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Phenanthrene mg/kg 0.01 233 <0.01 0.02 <0.01 <0.01
Pyrene mg/kg 0.02 3.29 <0.02 0.03 <0.02 <0.02
Reo",g‘)’[a]pyre"e B0 makg | 0.01 247 0.03 0.03 0.03 0.03
Report ID 18-01469-[R01] Page 13 of 17 Report Date 30/01/2018

This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories



Polycyclic matic Hydrocarbons - Soil

5A_WNS Depth
25

45 WNS Depth  5A_WNS Depth

145 1.5

Client Sample ID 231_W Depth 0.1 45 H Depth 1.5

Date Sampled

Benzo[a]pyrene TEQ mg/kg 0.01 247 <001 <0.01 <0.01 <0.01
(Zero)

Anthracene-d10 % | 1 102.4 1043 100.3 913 95.3
(Surrogate)

Polycyclic Aromatic Hydrocarbons - Soil

ent Sample ID Depth 0 4 Depth 0 : Dep Depth 2.6 €

Date pled
1-Methylnaphthalene mg/kg | 0.01 0.01 <0.01 <0.01 <0.0 <0.01
2-Methylnaphthalene mg/kg | 0.01 <0.01 <0.01 <0.01 <0.0 <0.01
Acenaphthene mg/kg 0.01 0.03 0.02 <0.01 01 % <0.01
Acenaphthylene mg/kg 0.01 0.32 0.04 <0.01 0.01 <0.01
Anthracene mg/kg 0.01 0.31 0.13 <0.01 ‘mGﬁ_m <0.01
Benz[a]anthracene mgkg | 0.02 4.15 047 <0.02 x N <002 <0.02
Benzo[a]pyrene mg/kg | 0.01 6.42 0.51 <001 £/% <001 <0.01
Berzofulinl makg | 0.02 6.09 061 . <0.02 <0.02
fluoranthene .
Benzolg,h,i]perylene mg/kg 0.02 3.1 0.27 | A_RN0 <0.02 <0.02
BenzolKlfluoranthene mglkg | 0.01 2.66 027 YN 001 <0.01 <0.01
Chrysene mg/kg | 0.01 228 045, SN.¥ <001 <0.01 <0.01
D benz(a,h)anthracene mg/kg 0.01 0.59 <0.01 \\ <0.01 <0.01 <0.01
Fluoranthene mag/kg 0.02 551 1 o <0.02 <0.02 <0.02
Fluorene mg/kg 0.01 0.05 o = <0.01 <0.01 <0.01
Indeno(1,2,3-cd)pyrene mg/kg 0.01 3.26 a (’ N 4 <0.01 <0.01 <0.01
Naphthalene mgkg | 0.01 0.02 N <0.01 <0.01 <0.01 <0.01
Phenanthrene mg/kg 0.01 1.6 30" N 098 <0.01 <0.01 <0.01
Pyrene mg/kg | 0.02 50 ) 1.24 <0.02 <0.02 <0.02

4

BeneaElmna TEQ makg | 0,01 70 0.69 0.03 0.03 0.03
(LOR) ;
Benzo[a]pyrene TEQ
(Zero) mg/kg | 0.01 ® 70 0.68 <0.01 <0.01 <0.01
Anthracene-d10 %
(Surrogate) % 1( 99.8 1035 102.0 99.4 1022

Polycyclic Aromatic Hydroca Q - Soil

Client Sample ID 3A 0_1 35024

Date Sampled

1-Methyinaphthalgfie_ =’ mgkg | 001 | 017 i 018 | <001 [ 001 ‘ 0.04

2-Methy|naphmJ mg/kg 0.01 0.15 0.12 <0.01 <0.01 0.05
Acenaphthene ./ mgkg | 0.01 0.53 0.79 <0.01 0.04 0.14
Acenaphiiiylene mg/kg | 0.01 3.66 553 0.02 0.24 1.56
¥ mg/kg | 0.01 438 6.03 0.04 0.38 2.07
< anthracene mg/kg 0.02 46.52 91.83 0.80 465 26.98
o[alpyrene mg/kg | 0.01 46.17 110.81 0.26 3.91 8.85
E:O"é‘:][tbh]e&ﬂ makg | 0.02 56.08 112.93 112 511 28.87
Benzo[g,h,iperylene mg/kg | 0.02 16.49 31.60 0.15 0.86 5.49
Benzolk]fluoranthene mg/kg 0.01 26.66 58.21 0.46 269 1091
Chrysene mg/kg | 0.01 3537 54.03 0.48 2.36 14.65
D benz(a,h)anthracene mg/kg 0.01 2.16 469 0.03 0.14 0.99
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Polycyclic matic Hydrocarbons - Soil

Client Sample ID 3A.0 12 17012 350 12
Date Sampled
Fluoranthene mg/kg 0.02 74.49 184.75 1.1 6.27 34.16
Fluorene mg/kg 0.01 1.26 147 0.01 0.07 0.32
Indeno(1,2,3-cd)pyrene mg/kg 0.01 15.41 63.99 0.25 123 7.61
Naphthalene mg/kg 0.01 0.40 0.44 <0.01 0.02 0.12
Phenanthrene mg/kg 0.01 27 .81 4388 0.1 229 724
Pyrene mg/kg 0.02 70.55 173.11 1.09 577 3330 AN
\J
el makg | 001 63.89 150.58 056 551 716y W
Benzo[a]pyrene TEQ
(Zero) mg/kg 0.01 63.89 150.58 0.56 551 k
Anthracene-d10
(Surrogate) % 1 109.0 1123 102.7 107.5 K h4_5
)
Moisture Content \’

Client Sample ID

Date Sampled

Moisture Content % 1

47A_WS_Depth

14

21

43 _HA Depth 0.1

20

43 HA Depth 12 233 W Depth 1.5

231_W Depth 0.5

20

Moisture Content
Client Sample ID
Date Sampled

229 H Depth 0.2

233_0 Depth 0:1

224 0 Depth 2.5

229 0 Depth 1.5

229 H Depth 0.1

Moisture Content % ‘ 1

18

12

24

Moisture Content
Client Sample ID

Date Sampled

Moisture Content %

5 _HA Depth 0.1

22

5 HA Depth 2.0

20

7A_HA Depth 0.1

17

235A HA Depth
0.1

25

35_0 Depth 0.3

28

Moisture Content

Ciient Sample ID

Date Sampled

Moisture Cont

7A_HA Depth 1.5

9 _HA Depth 0.1

9 HA Depth 1.6

235_HA Dup

41 WNS Depth
35

Client Sample ID

Date Sampled

Moisture Content % 1

237_HA Depth
0.1

20

41_WND Depth
25

15

135_WNS Depth
25

21

237 W Depth 1.5

17

237_WND Depth
25

23
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Moisture Conte

237 HA Depth 135 WNS Depth 135 WND Depth 135 WND Depth 231 HA Depth
1:2 05 0.3 2:0 1.5

Client Sample 1D

Date Sampled

Moisture Content % 1 21 11 16 26 18

Moisture Content

233 _HA Depth 231_HA Depth 47 _A_W Depth

Client Sample ID 0.1 0.1 0.1

37 W1 Depth 0.6 37 W1 Depift 1.5

Date Sampled

Moisture Content | 1| 10 | 18 18 ‘ 10 (] 11

Moisture Content

17_WNSDepth 37 o pen 15 17-WNS Depth

Client Sample ID 37_W1 Depth 2.2 37 _W2 Depth 2.6 15 26

Date Sampled

Moisture Content % 1 27 "

Moisture Content O’K

5A WNS Dept
25

3 15 23

45 WNS Depth 5A WNS Depth

Client Sample ID 231_W Depth 0.1 1 5 15

45 H Depth 1.5

Date Sampled

Moisture Content %| 1 A 23 ' 14 ' 14 2

Moisture Content .

45 WW Depth
25

9 WNS Depth

Client Sample ID 35 H Depth 0.5 45 H Depth 0.5 1

9 W Depth 2.6

Date Samplec

Moisture Content

Moisture Content
Client Sample ID 3A 012

Date Sampled

Me%&ummary
oil

1:2.5 extraction with 0.1M calcium chloride followed by pH probe determination. Department of
Sustainable Natural Resources.

Cyanide Water extraction followed by acid distillation, distillate measured by colourmetric analysis. APHA
Method 4500-CN C and E.

Recoverable Trace Samples were analysed as received by the laboratory using ICP-MS following an acid digestion.
Elements US EPA method 200.8.

Elements in Soil Acid digestion followed by ICP-MS analysis. US EPA method 200.8.
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Method Summary
19-D-02771

PAH in Soil Solvent extraction, silica cleanup, followed by GC-MS analysis.
Benzo[a]pyrene TEQ (LOR): The most conservative TEQ estimate, where a result is reported as
less than the limit of reporting (LOR) the LOR value is used to calculate the TEQ for that PAH.
Benzo[a]pyrene TEQ (Zero): The least conservative TEQ estimate, PAHs reported as less than
the limit of reporting (LOR) are not included in the TEQ calculation.
Benzo[a]pyrene toxic equivalence (TEQ) is calculated according to '‘Methodology for Deriving
Standards for Contaminants in Soil to Protect Human Health'. Ministry for the Enivronment. 2011.

Moisture Moisture content is determined gravimetrically by drying at 103 °C.

Report Comments Cgll

Samples were received by Analytica Laboratories in acceptable condition unless otherwise noted on this report.

Sample 18-01469-29 (41_WNS Speth 3.5) demonstrated poor recovery for a matrix spike with cyanide analysisN 0).
The analysis was repeated and confirmed.

The method involves an acid distillation procedure which is a vigourous extraction protocol, hence a poor r@l would
indicate either the formation of a highly insoluble cyanide complex or some form of breakdown of cya gh the
extraction procedure as a result of the sample matrix constitution. r?k

Sharelle Frank, B.Sc. (Tech)  Elizabeth Fitzgerald, B.Sc. Hao Wang, M.Sc.(Hons) %

Technologist Inorganics Team Leader Technologist @
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Analytica Laboratories Limited
Ruakura Research Centre

10 Bisley Road

Hamilton 3214, New Zealand
Ph +64 (07) 974 4740
sales@analytica.co.nz
www.analytica.co.nz

ANALVTICA ‘,
LABORATORIES

Certificate of Analysis

P |
%
GHD - Christchurch Lab Reference:  18-02509 q%

138 Victoria Street Submitted by: David Jackson

Christchurch Date Received:  25/01/2018

Attention: Hannah Galloway Date Completed: 2/02/2018

Phone: 03 3780918 Order Number: O
Email: hannah.galloway@ghd.com Reference: 5137675 ?s

Sampling Site: ~ S9RI@TT Q

Heavy Metals in Soil

Client Sample ID 3 72012

Date Sampled

Arsenic mg/kgdrywt | 0.125 0.983 571

3.13 3.80 483
Cadmium mg/kg drywt | 0.005 0.028 00204 4, N 0025 0.037 0.029
Chromium ma/kgdrywt | 0.125 116 w4 N 18 128 16.4
Copper mg/kg drywt | 0.075 548 AN\ 5.80 548 946
Lead mg/kg drywt | 0.05 8.85 N\ 7.42 125 144
Mercury mg/kg drywt | 0.025 0043 oL 0088 0.039 0.045 0.089
Nickel mgkgdrywt | 0.05 101 . 148 9.74 13 12.9
Zinc mgkgdrywt | 0.05 367N, 51.7 36.0 407 46.2
Heavy Metals in Soil =

Client Sample I 7 . 223 012

Date Sampled

[ Arsenic mgkgdrywt]| 9125 | 449 I 438 3.34 ' 281 ' 586
Cadmium mg/kg daf Wiy~ 0.005 0.026 0.024 0.023 0.021 0.032
Chromium Wt | 0.125 144 144 16 15 15.9
Copper geywt | 0075 5.38 6.81 558 575 742
Lead gdrywt | 005 102 133 102 8.02 153

Mercury gmg/kg dry wt | 0.025 0.049 0.070 0.059 0.051 0.069
Nickel ) mgkgdywt| 005 9.72 124 9.41 9.63 134
Zinc (/%" mgkgdywt| 005 36.9 41.3 32.8 36.5 497

All tests reported herein have been
. performed in accordance with the
@ laboratory’s scope of accreditation,
with the exception of tests marked *,

ACCREDITED LABORATORY Whichare notaccredited.
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Client Sample ID

223 0.32

Date Sampled

0.125

223 0. 45

235A_01_1.1

235A 01 24

235A 01 48

Arsenic mglkg dry wt 6.43 1.34 438 211 250

Cadmium mg/kg dry wt | 0.005 0.034 0.027 2.04 0.87 0.067
Chromium mg/kgdrywt | 0.125 125 126 68.9 236 139

Copper mg/kg drywt | 0.075 6.02 5.28 2,150 136 12 /N
Lead mgkgdrywt | 0.05 10.8 8.65 9,540 1,300 21.6~" [l
Mercury mg/kg dry wt | 0.025 0.051 0.047 0.38 0.087

Nickel mgkgdrywt | 0.05 10.6 10.0 201 343

Zinc mgkgdrywt | 0.05 38.7 385 2,780 504 7

Heavy Metals in Soil \'

Client Sample 1D

43 HA 0.1

Date Sampled

0.125

231.0 12

Arsenic mgrkg dry wt 18.6 5.41 668 _m N 219 9.38
Cadmium mg/kg drywt |  0.005 238 0.75 1.63m (J° 0.069 0.33
Chromium mgrkg dry wt | 0.125 40.7 40.3 NS 14.2 177
Copper mglkg drywt | 0.075 275 185 & 19 470
Lead mg/kg dry wt | 0.05 2,520 747 (@D 159 339
Mercury mgrkg drywt | 0.025 19 0.68 S 0.090 0.23
Nickel mghkgdrywt | 0.05 53.7 64.5 N, 161 119 15.1
Zinc mghkgdrywt | 0.05 1,560 2 N 2,220 52.2 231
a
Heavy Metals in Soil

Client Sample ID

231 024

Date Sampled

0.125

231_0_2.0

235A_HA2 0.1

235A 0 1.2

235A_0_3.4

Arsenic ma/kg dry wt _\2p 475 305 894 722
Cadmium ma/kg drywt | 0.005 4} 0.026 0.030 5.71 0.87 0.99
Chromium mg/kgdry wt | 0.12 N’ 153 15.4 793 724 172
Copper ma/kg dry wt 8.15 8.49 902 3,390 327
Lead ma/kg dry wt ', 1005 127 12.6 6,870 7,200 54.1
Mercury mg/kg dry w 025 0.072 0.085 19 0.19 0.10
Nickel mgrkg d Wi\~ 0.05 12.1 13.1 82.9 183 17.7
Zinc mg/kg diyWt | 0.05 32.0 417 3,560 2,450 404
A4
Heavy Metals in
o Dle ' A0 4
ale pied
mg/kgdry wt | 0.125 7.77
gﬁﬁn ma/kg dry wt | 0.005 0.88
romium mg/kgdrywt | 0.125 30.1
Copper mg/kgdrywt | 0.075 153
Lead mg/kgdrywt | 0.05 192
Mercury mg/kgdrywt | 0.025 017
Nickel mg/kg dry wt 0.05 393
Zinc mg/kg dry wt 0.05 333
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Soil Aggregate Properties and Nutrients

Client Sample ID

Date Sampled

pH* pH 1
Chromium(V1)* mg/kg 04
Total Cyanide* mg/kg 0.2

Soil Aggregate Properties and Nutrients
Client Sample ID 72 0 44 41 0. 46

Date Sampled
pH*

pH 1

Chromium(VI1)* mg/kg 04
Total Cyanide* mg/kg 0.2
Soil Aggregate Properties and Nutrients - O

Client Sample ID 223 0 3.2 223 0 45 235A 01_11i 235A 01 24 235A 01 48

Date Sampled

pH* pH
Chromium(VI1)* mg/kg 04
Total Cyanide* mg/kg 0.2

Soil Aggregate Properties and Nutrients
Client Sample ID 43 _HA 0.1 43 012 43 034 43 045 231.0.12

Date Sampled

Chromium(VI1)*
Total Cyanide* mg/kg 0.2

ClieniSerip2 1D 231 024 231_0.2.0 235A_HA2 0.1 235A 0 1.2 235A_0_3.4

Date Sampled

pH*

Chromium(Vy' /% '

Total Cyanide* qv mgkg | 02 <02 <02 0.4 <02

o

Client Sample ID 235A 0 41

Date Sampled

Chromium(V1)* mg/kg 04 <04
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Polycyclic atic Hydrocarbons - Soil

Client Sample ID 5024 72012

Date Sampled

1-Methyinaphthalene mgkg | 001 | <001 ' <0.01 ' <0.01 | <001 ' <0.01

2-Methyinaphthalene mgkg | 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Acenaphthene mg/kg | 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Acenaphthylene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 N
Anthracene mg/kg 0.01 0.01 <0.01 <0.01 <0.01 <004, 4
Benz[a]anthracene mg/kg 0.02 <0.02 <0.02 <0.02 <0.02

Benzo[a]pyrene mg/kg 0.01 0.01 <0.01 <0.01 <0.01 ial
g&;‘é‘:\ltbh]:ﬂ makg | 002 <0.02 <0.02 <0.02 <002 02
Benzo[g,h,i]perylene mg/kg 0.02 <0.02 <0.02 <0.02 <0.02 f*‘\, <0.02
Benzolk]fluoranthene mg/kg 0.01 <0.01 <0.01 <0.01 <0.0 \.} <0.01
Chrysene mg/kg 0.01 0.02 <0.01 <0.01 <0.0v <0.01

D benz(a,h)anthracene mg/kg 0.01 <0.01 <0.01 <0.01 801 » <0.01
Fluoranthene ma/kg | 0.02 0.05 <0.02 <0.02 N20.02 <0.02
Fluorene mgkg | 0.01 <0.01 <0.01 <0.01 L ANJ<0.01 <0.01
Indeno(1,2,3-cd)pyrene mg/kg 0.01 <0.01 <0.01 <0.01 = \,‘ <0.01 <0.01
Naphthalene mgkg | 0.01 <0.01 <0.01 <0.0%" ()" <0.01 <0.01
Phenanthrene makg | 0.01 0.05 <0.01 <004, ¥ <0.01 <0.01
Pyrene mgkg | 0.02 0.05 <0.02 <02 <0.02 <0.02
?L%"é‘)’[a]pyre"e 1EQ mgkg | 0.01 0.03 0.03 A\O(}oa 0.03 0.03
Z‘Z’:ﬁ‘)’["]p‘" ROEEN makg | 0.01 0.01 <0‘.01\Q N o <0.01 <0.01
?S“l:"‘rr:g“aeg‘;*"o % 1 1031 . @ 103.2 1025 1025
Polycyclic Aromatic Hydrocarbons - Soil . C)\

Client Sample ID  7/2.0 44 1.0 1. 41,024 41.0.46 223 012

Date Sampled

1-Methylnaphthalene mg/kg 0.01 x <0.01 <0.01 <0.01 <0.01 <0.01
2-Methylnaphthalene mg/kg 0.0 N <0.01 <0.01 <0.01 <0.01 <0.01
Acenaphthene mg/kg Hk <0.01 <0.01 <0.01 <0.01 <0.01
Acenaphthylene markg I, '€0J <0.01 <0.01 <0.01 <0.01 <0.01
Anthracene m%}.m <0.01 <0.01 <0.01 <0.01 <0.01
Benz[a]anthracene MQ + 002 <0.02 <0.02 <0.02 <0.02 <0.02
Benzo[a]pyrene . \m ‘g 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
orzoliall ‘b mgkg | 002 <0.02 <0.02 <0.02 <0.02 <0.02
Benzog,h,i]perylene ,v mg/kg 0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Benzo[k]fluoranth{pe?) mg/kg | 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Chrysene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
D benz(a, cene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
w mg/kg 0.02 <0.02 <0.02 <0.02 <0.02 <0.02
mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
(1,2,3-cd)pyrene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
phthalene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Phenanthrene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Pyrene mg/kg 0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Re(%?lalpyrene TEQ makg | 0,01 0.03 0.03 0.03 0.03 0.03
?Z‘Z’:f)‘)’[a]p"’ IR mgkg | 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
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Polycyclic matic Hydrocarbons - Soil

Client Sample ID ~ 7/2.0 4.4 41012 41,024 410 46 223 012
Date Sampled
Anthracene-d10 % 1 1034 1028 1045 1025 1027
(Surrogate)

Polycyclic Aromatic Hydrocarbons - Soil
Client Sample ID 223 032 223 045 235A_01_1.1 235A_01_24 235A 0148

Date Sampled

1-Methylnaphthalene mg/kg 0.01 <0.01 <0.01 0.04 <0.01 k< 01
2-Methylnaphthalene mg/kg 0.01 <0.01 <0.01 0.03 <0.01 20.01
Acenaphthene mg/kg 0.01 <0.01 <0.01 0.14 <0.01 n\‘ <0.01
Acenaphthylene mg/kg 0.01 <0.01 <0.01 1.30 0.0 <0.01
Anthracene mg/kg | 0.01 <0.01 <0.01 141 0.01?\ <0.01
Benz[a]anthracene mg/kg 0.02 <0.02 <0.02 1242 05 <0.02
Benzo[a]pyrene mg/kg 0.01 <0.01 <0.01 22 60 08 <0.01
Giatiall mgkg | 0.02 <0.02 <002 1726 '<© 0.06 <002
Benzol[g,h,i]perylene mg/kg 0.02 <0.02 <0.02 13.77 0.05 <0.02
Benzo[k]fluoranthene mg/kg 0.01 <0.01 <0.01 6. 0.01 <0.01
Chrysene mg/kg 0.01 <0.01 <0.01 0.06 <0.01
D benz(a,h)anthracene mgkg | 001 <0.01 <001 P <001 <0.01
Fluoranthene mgkg | 002 <0.02 <002 S \_20s4 013 <0.02
Fluorene mg/kg 0.01 <0.01 <0.01,_ Q\\ 0.22 <0.01 <0.01
Indeno(1,2,3-cd)pyrene mg/kg | 0.01 <0.01 <0.01 14.40 0.04 <0.01
Naphthalene mg/kg | 0.01 <0.01 <004, 0.11 <0.01 <0.01
Phenanthrene mgkg | 0.01 <0.01 o &olOs 5.66 0.05 <0.01
Pyrene mg/kg 0.02 <0.02 a (’ L50.02 21.03 0.12 <0.02
ﬁ%"é‘)’["]”yfe“e TEQ makg | 001 003;‘(‘\1\\} 0.03 30.66 0.09 0.03
:32“;%‘)’[*’]”"’9"9 AL malkg | 0.01 <0©\ <0.01 30.66 0.08 <0.01
f‘s“lf""’:gcae{e‘f)’*"o % | 1 N @s.e 101.0 1038 106.2 1028

Polycyclic Aromatic Hydrocarbons - S,OS\L,Q

Client Semple ID 43 HA 0.1 43,012 43 0 34 231.0 12

Date Saimpled

1-Methylnaphthalene \mg g 0.01 0.02 0.10 0.01 <0.01 0.03
2-Methylnaphthalene mg/kg 0.01 0.02 0.09 <0.01 <0.01 0.02
Acenaphthene % mgkg | 0.01 0.06 0.21 0.01 <0.01 0.08
Acenaphthylene a\ mg/kg 0.01 0.49 472 0.22 <0.01 0.37
Anthracene  #h, ~ mgtkg | 0.01 0.44 241 0.47 <0.01 1.26
Benz[aA]anm‘nE mg/kg 0.02 463 50.59 221 <0.02 5.25
Benzo[alpyfene mgkg | 0.01 6.36 67.18 2.88 0.01 5.39
z ;B(]e mg/kg 0.02 5.46 90.67 2.57 <0.02 440
n%[g,h,i]perylene mg/kg 0.02 4.20 38.59 1.80 <0.02 3.01
Benzolk]fluoranthene mg/kg 0.01 1.58 80.37 0.67 <0.01 1.30
Chrysene mg/kg 0.01 3.30 28.24 1.72 <0.01 333
D benz(a,h)anthracene mg/kg 0.01 0.63 12.25 0.32 <0.01 0.56
Fluoranthene mg/kg 0.02 792 52.31 3.96 <0.02 10.76
Fluorene mg/kg 0.01 0.08 0.37 0.06 <0.01 0.19
Indeno(1,2,3-cd)pyrene mg/kg 0.01 476 32.27 2.1 <0.01 3.61
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This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories



Polycyclic matic Hydrocarbons - Soil

Client Sample ID 43 HA 01 43 012 231.0.12
Date Sampled

Naphthalene mg/kg | 0.01 0.05 0.36 0.03 <0.01 0.09
Phenanthrene mg/kg 0.01 217 6.24 2.30 <0.01 554
Pyrene mg/kg | 0.02 7.84 57.24 424 <0.02 10.91
Barnfalpyune 1EQ makg | 0.0 8.74 105.63 401 0.03 755
(LOR)
Benzo[a]pyrene TEQ
Zero) mg/kg | 0.01 8.74 105.63 4.01 0.01 7.55 q 5
Anthracene-d10 (2
(Siuitigai) % 1 105.2 104.0 105.1 106.7 103!
Polycyclic Aromatic Hydrocarbons - Soil '\

Client Sample 1D 231 0 24 2310 20 235A_HA2 0.1 235A 0_1.2 235A 0 34

Date Sampled

[ 1-Methyinaphthalene mgkg | 001 | <001 T <001 ‘ 0.09 | <001

2-Methylnaphthalene mg/kg 0.01 <0.01 <0.01 0.08 Q\V<0_01 <0.01
Acenaphthene mg/kg 0.01 <0.01 <0.01 0.26 o <001 <0.01
Acenaphthylene mg/kg 0.01 <0.01 <0.01 1.8 %‘ <0.01 <0.01
Anthracene mg/kg 0.01 <0.01 <0.01 ‘& <0.01 <0.01
Benz[aJanthracene mg/kg | 0.02 <0.02 <0.02 PR <0.02 0.08
Benzo[alpyrene mgkg | 0.01 <0.01 <0.01 ( P92 0.03 0.07
dopzolisil mgkg | 002 <0.02 002, (\* 204 0.03 0.09
Benzo[g,h,ilperylene ma/kg | 0.02 <0.02 <002 N 21.13 <0.02 0.05
Benzolk]fluoranthene mg/kg 0.01 <0.01 ~ \ 872 <0.01 0.02
Chrysene mgkg | 0.01 <0.01 A 15.80 0.02 0.08
D benz(a,h)anthracene mglkg | 0.01 <001 [0 3001 4.86 <0.01 <0.01
Fluoranthene mg/kg 0.02 <0.02 <0.02 4730 0.03 0.15
Fluorene mg/kg 0.01 <09T™%, <0.01 0.42 <0.01 <0.01
Indeno(1,2,3-cd)pyrene mg/kg 0.01 <0 <0.01 2292 0.02 0.05
Naphthalene makg | 0.01 <0.01 <0.01 0.22 <0.01 <0.01
Phenanthrene mg/kg 0.01 s ¥<_0.01 <0.01 11.20 <0.01 0.01
Pyrene mg/kg 0.02 % <0.02 <0.02 47 65 0.04 0.14
(BLe(;‘IZQ‘)’[a]pV’e“e TEQ mokg | 00 ™ 003 0.03 4208 0.05 0.11
h J
:32‘2%‘)’[3"’”'9"9 G mg/kg;bw <0.01 <0.01 4208 0.03 0.10
g\l:h"r:gcaegmo \@, 1 104.0 1035 102.9 1036 1038

Polycyclic Aromati oH) drocarbons - Soil

Client Sample ID 235A 0 41

Date Sampled

halene

1-Metl AP
Waphthalene
cenaphthene

Acenaphthylene

Anthracene mg/kg 0.01 0.02
Benz[a]anthracene mg/kg 0.02 0.13
Benzo[a]pyrene mg/kg 0.01 0.15
Sl makg | 0.02 0.16
Benzo[g,h,i]perylene mg/kg 0.02 0.13
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Polycyclic matic Hydrocarbons - Soil

Client Sample ID 235A 0 41

Date Sampled

Benzo[k]fluoranthene mg/kg 0.01 0.04
Chrysene mg/kg 0.01 0.13
D benz(a,h)anthracene mg/kg 0.01 0.02
Fluoranthene mg/kg 0.02 023
Fluorene mg/kg 0.01 <0.01

Indeno(1,2,3-cd)pyrene mg/kg 0.01 0.13

Naphthalene mg/kg 0.01 <0.01 (L
Phenanthrene mg/kg 0.01 0.05 %
Pyrene mg/kg 0.02 0.25 \q

Benzo[a]pyrene TEQ

(LOR) mg/kg 0.01 0.22

Benzo[a]pyrene TEQ \
o) makg | 0.01 022 Q
Anthracene-d10 :?
(Surrogate) g : 1931

Moisture Content . Q

Client Sample ID 72012 72 023

Date Sampled

Moisture Content % 1 ' 21 | 16 q 0 ' 3 ' 19

Moisture Content Q

Client Sample ID 72 0 44 41 0 24 41 0 .46

Date Sampled

Moisture Content % 1 14 ' 3 ’ 15 18

0,

Moisture Content
Client Sample ID 223 0.45 235A 01 1.1 235A 01 2.4 235A 01 4.8

Date Sampled

Moisture Content RN 21 19 14 ' 24 ' 7

Moisture Content Q

Client Sample ID 43 HA 0.1 43 0 34 0.4 231.0.12

Date Sampled

Client Sample ID 2310 24 231 .0 2.0 235A_HA2 0.1 235A 0 1.2 235A 0 34

Date Sampled

Moisture Content % 1 ' 20 | 23 17 ' 10 ' 21

Report ID 18-02509-[R01] Page 7 of 8 Report Date 2/02/2018
This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories



Moisture Conte

Client Sample ID 235A 0 41

Date Sampled

]

oitre onent 1 ' 0

Method Summary

Elements in Soil Acid digestion followed by ICP-MS analysis. US EPA method 200.8. q/

pH in Soil 1:2.5 extraction with 0.1M calcium chloride followed by pH probe determination. Departme %
Sustainable Natural Resources.

Cr6+ in Soil Extraction with 1.0M potassium dihydrogen phosphate solution followed by colourmetric analysis.
Timber industry guidelines (1982).

Cyanide Water extraction followed by acid distillation, distillate measured by colourmetgi aG[)sis. APHA
Method 4500-CN C and E.

PAH in Soil Solvent extraction, silica cleanup, followed by GC-MS analysis. Q

aresult is reported as

TEQ for that PAH.
AHs reported as less than

less than the limit of reporting (LOR) the LOR value is used to cal
Benzo[a]pyrene TEQ (Zero): The least conservative TEQ esti
the limit of reporting (LOR) are not included in the TEQ calculati
Benzo[a]pyrene toxic equivalence (TEQ) is calculated acco ‘Methodology for Deriving

Standards for Contaminants in Soil to Protect Human Health!. Ministry for the Enivronment. 2011.

Moisture Moisture content is determined gravimetrically by d@ 03 °C.

Benzo[a]pyrene TEQ (LOR): The most conservative TEQ estimate, Pm

Report Comments \I
on

Samples were received by Analytica Laboratories in acceptable conditi nless otherwise noted on this report.

Sample 18-02509-27 (235A_0_1.2) demonstrated poor recoven matrix spike with cyanide analysis (<25%).

The method involves an acid distillation procedure whick &‘ urous extraction protocol, hence a poor recovery would
indicate either the formation of a highly insoluble cyanide‘complex or some form of breakdown of cyanide through the

't ution.

extraction procedure as a result of the sample matri

Sharelle Frank, B.Sc. (Tech) Tom Featonby,{M.Sc.)
Technologist Techn%t

S
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Analytica Laboratories Limited
Ruakura Research Centre

10 Bisley Road

Hamilton 3214, New Zealand
Ph +64 (07) 974 4740
sales@analytica.co.nz
www.analytica.co.nz

ANALVTICA ‘,
LABORATORIES

Certificate of Analysis

P o |
2
GHD - Christchurch Lab Reference:  18-03089 q%

138 Victoria Street Submitted by: David Jackson

Christchurch Date Received:  31/01/2018

Attention: Hannah Galloway Date Completed: 7/02/2018

Phone: 03 3780918 Order Number: 0
Email: david.jackson@ghd.com Reference: 5137675 ?s

Sampling Site: ~ S9RI@TT Q

Soil Aggregate Properties and Nutrients

47A_WS_Depth

Client Sample ID 14

5 0Depth0.1 43 HADepth 0.1 43 HADepth 12 43 0 Depth 0.1

Date Sampled

Chromium(V1)* mgkg | 04 | <04 | <04, <0.4 | <04 <0.4

Soil Aggregate Properties and Nutrients
Client Sample ID 233 W Depth 1.5 231 W Depth05 231 _0Depth0.1 229 HDepth02 233 0 Depth 0.1

Date Sampled

Chromium(V1)* ma/kg 0.4 <0 Ao <04 <04 <04 <04

Soil Aggregate Properties and Nutrien
Client Sample ID 233_W Depth 2.4 229 0Depth25 229 0Depth15 229 HDepth01 5 _HA Depth 0.1

Date Sampled

Chromium(V1)* mokg} 04 | <04 | <04 <04 | <04 | <04

Soil Aggregate Pro pert ies and Nutrients

235A_HA Depth

Client Sample ID 5 HA Depth20 7A HADepth0.1 3A 0 Depth 0.2 0.1 35 0 Depth 0.3

Date Sampled

Shromium(V1)* mgkg | 04 | <04 | <04 <0.4 | <04 | <04
\/
All tests reported herein have been
. performed in accordance with the
@ laboratory’s scope of accreditation,
with the exception of tests marked *,
ACCREDITED LABORATORY  “hich are notaccredited.
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Soil Aggregate Properties and Nutrients
Client Sample ID 7A_HADepth 15 9 HADepth01 9 HADepth16 17 0Depth04  7B_0 Depth 0.2

Date Sampled

TR mohg| 04 | 04 | <04 | <04 | <04 | <04 |

Soil Aggregate Properties and Nutrients

41 WND Depth 41 WNS Depth 237 HA Depth

Client Sample ID 235 _HA Dup 41_0 Depth 0.1 37 35 0.1

Date Sampled

TR mohg| 04 | 04 | <04 | <04 | <04 N, 04 |

Soil Aggregate Properties and Nutrients

41 WNS Depth 41 WND Depth 41 WNS Depth ; 41 WNS Depth

Client Sample ID 49 25 0.1 48

Date Sampled

Chromium(V1y mokg| 04 | 04 | <04 | gAS | <04 | <04 |

Soil Aggregate Properties and Nutrients

235 HA Depth 135 WNS Depthh 135 WNS Depth
0.1 30 25

135 WNS Depth

1.5

Client Sample ID 237 W Depth 1.5

Date Sampled

TR mokg| 04 | 04 GNP 04 | <04 | <04 | <04 |

Soil Aggregate Properties and Nutrients

237 WND Depth 237 HA Depth 135 WNS Depth 135 WNS Depth 135 WND Depth

Client Sample 1D 25 ) 05 36 03

Date Sampled

TR gD \# | 04 | <04 | <04 | <04 | <04 |
\_

135 WND Depth 231 HA Depth 233 HA Depth 135 WND Depth 231 HA Depth

Client Sample ID 25 15 0.1 15 01

Date Sampled
mokg| 04 | <04 | <04 | <04 | <04 | <04 |

135 WND Depth 47 A W Depth
35 0.1

45 WNS Depth

Client Sample ID 0.1

37 W1 Depth 0.1 37_W1 Depth 0.6

Date Sampled

TR mohg| 04 | 04 | <04 | <04 | <04 | <04 |

Report ID 18-03089-[R00] Page 2 of 4 Report Date 7/02/2018
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Soil Aggregate Properties and Nutrients

Client Sample ID

oA WS Depth A7 WNS Depth 37 \1 Depth 1.5 9_WNS Depth 0.1 37_W2 Depth 0.2

0.2

Date Sampled

Chromium(V1)* mgkg | 04 <04 <04 | <04 ’ <04 <04

Soil Aggregate Properties and Nutrients

17 WNS Depth

Client Sample ID  37_W1 Depth 2.2 233 W Depth 0.1 37 W1 Depth 2.6 37 W2 Depth 2.6 5

Date Sampled

Chromium(V1)* mgkg | 04 <04 <04 | <04 ’ <04 47 <04
"
Soil Aggregate Properties and Nutrients ;
Client Sample 1D 17 YWNS PPN 537 wpepth 0.1 37 w2Depth 1.5 17 WNS DN 534w pepth 0.1

Date Sampled

Chromium(V1)* mgkg | 04 <04 <04 | L0y ’ <04 <04

S
Soil Aggregate Properties and Nutrients O
5A WNS Depth 45 4 pepth 1.5 45 WNS Depth  5A Wrxﬁoepth

25 1.5 5

Client Sample ID 35 H Depth 1.5

Date Sampled

Chromium(V1)* mgkg | 04 <04 W N* <04 | <04 | <04 <0.4

»
Soil Aggregate Properties and Nutrients O

45 WW Depth
25

45 WNS Depth

Client Sample ID 25 _H Depth 0.5 45 H Depth 0.5 35

9 W Depth 2.6

Date Sampled

Chromium(V1)*

Soil Aggregate Properties‘and Nutrients

9 WNS Depth

1.5

Client Sample ID

Date Sampled

d Summary

6+ in Soil Extraction with 1.0M potassium dihydrogen phosphate solution followed by colourmetric analysis.
Timber industry guidelines (1982).

Report Comments
Samples were received by Analytica Laboratories in acceptable condition unless otherwise noted on this report.
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19-D-02771

Sharelle Frank, B.Sc. (Tech)
Technologist
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19-D-02771

Report Date: 13 Feb 2018 PRECISE

Certificate Number: P1802121326 CONSULTING & LABORATORY

Analytica Laboratories

Ruakura Research Centre, 10 Bisley Road, Private Bag 3123,
Client Reference: 18-01469

Dear Hariata Anderson,

Re: Asbestos Soil Identification Analysis — 18-01469

8 sample(s) received on 12 Feb 2018 by Karleen Glen.
The results of fibre analysis were performed by Laura Liu of Precise Consulting and(Laboratory Ltd on 13 Feb 2018.
The sample(s) were stated to be from 18-01469.

Sample analysis was performed using polarised light microscopy with dispersion staining in accordance with AS4964-2004
Method for the qualitative identification of asbestos in soil samples.

The results of the fibre analysis are presented in the appendeditable:

Should you require further information please contact Laura Lju .

Yours sincerely

| 2o -

Laura Liu
PRECISE LABORATORY IDENTIFIER

Issue Date: Jun 2017 | Version 10 P1802121326-10of 3
Precise Consulting & Laboratory Limited

All tests reported
Unit 1, 30 Greenpark Road, Penrose, Auckland 8023 A herein have been
@ performedin accordance
with the laboratory's

P: 09 282 3886 W: www.preciseconsulting.co.nz ACCREDITED LABORATORY  scope of accreditation



19-D-0277

Sample Analysis Results

Certificate Number: P1802121326
Report Date: 13 Feb 2018 PRECISE

Site Location: 18-01469 CONSULTING & LABORATORY

Note 1: The reporting limit for this analysis is 0.1g/kg (0.01%) by application of polarised light microscopy, dispersion
staining and trace analysis techniques.

Note 2: If mineral fibres of unknown type are detected (UMF), by PLM and dispersion staining, these may or may/not
be asbestos fibres. To confirm the identity of this fibre, another independent analytical technique such as XRD
analysis is advised.

Note 3: The samples in this report are “As Received”. The laboratory does not take responsibility for the sampling
procedure or accuracy of sample location description. This document may not be reproduced except in full.

Identified by: Reviewed by:

S| 2o S| R

Approved Identifier: Laura Liu Key Technical Person: Laura Liu

&)
Sample ID Client Sample ID Sample Location/Descr@mensions Analysis Results
233,W_1.5
5001 233 W_15 Non-Homogéneous Soil No ﬁfiﬁfii?;:;ted
124.5g &
231_W_0.5
S002 231_W_0.5 Non-Homogeneous Soil No ASbeSt,OS I?etected
Organic Fibres
63.0g
41_WND _2.5
$003 A1_WND_2.5 Non-Homogeneous Soil No Asbestos Detected
- - Organic Fibres
68.5g
135_WND_2.5
S004 135_WND_2.5 Non-Homogeneous Soil No ASbESt,OS PEtGCtEd
Organic Fibres
52.5g
17_WNS_1.5
$005 17 MWNS=A. 5 Non-Homogeneous Soil No Asbestos Detected
Organic Fibres
69.5g
37_W2_15
- - D
S006 37_W2_1.5 Non-Homogeneous Soil No Asbestf)s . etected
Organic Fibres
66.0g
35 H_ 0.5
S007 35_H_0.5 Non-Homogeneous Soil No AsbestF)s I?etected
Organic Fibres
67.0g
3H_0_1.2
N No A D
$008 3H_0_1.2 Non-Homogeneous Soil 0 Asbestos Detected
Organic Fibres
64.0g
Issue Date: Jun 2017 | Version 10 P1802121326-2 of 3
Precise Consulting & Laboratory Limited
Unit 1, 30 Greenpark Road, Penrose, Auckland 8023 I 3 Z :gfjitz:ﬂ::
© il o

P: 09 282 3886 W: www.preciseconsulting.co.nz ACCREDITED LABORATORY  scope of accreditation
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Appendix 1: Soil Analysis Raw Data

Certificate Number: P1802121326
Report Date: 13 Feb 2018 PRECISE

Site Location: 18-01469 CONSULTING & LABORATORY

Client Sample . . . . V
Sample ID D Total Sample Weight (g) ACM Approximate Dimensions (g)* Form Trace Asbestos Detected**
« O
S001 233 W-1.5 124.5 No Asbestos Detected N/A N
S002 231_W_ 0.5 63.0 No Asbestos Detected N/A N
S003 41 WND _2.5 68.5 No Asbestos Detected N/A N
S004 135 WND 2.5 52.5 No Asbestos Detected N/A N
S005 17_WNS 1.5 69.5 No Asbestos Detected N/A N
S006 37_W2_1.5 66.0 No Asbestos Deteeted N/A N
S007 35 H 05 67.0 No Asbestos Detected N/A N
S008 3H 0 1.2 64.0 No|Asbestos Detected N/A N

* The reporting limit for this standard is 0.1g/kg
** Trace asbestos present is indicative that freely liberated respirable fibres are present and dust control measures should be implemented or increased

Issue Date: Jun 2017 | Version 10 P1802121326 - 3 of 3
Precise Consulting & Lahgratary Limited
Unit 1, 30 Greenpark Roat@Penrose, Auckland 8023

P: 09 282 3886 W: www.preciseconsulting.co.nz
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Report Date: 02 Feb 2018 PRECISE
CONSULTING & LABORATORY
Certificate Number: W1801301134

Analytica Laboratories

Ruakura Research Centre, 10 Bisley Road, Private Bag 3123,
Client Reference: 18-02509

Dear Hariata Anderson,

Re: Asbestos Soil Identification Analysis — 18-02509

9 sample(s) received on 30 Jan 2018 by Karleen Glen.
The results of fibre analysis were performed by Laura Liu of Precise Consulting ahd(Laboratory Ltd on 02 Feb 2018.
The sample(s) were stated to be from 18-02509.

Sample analysis was performed using polarised light microscopy with dispersion staining in accordance with AS4964-2004
Method for the qualitative identification of asbestos in soil samples.

The results of the fibre analysis are presented in the appendeditable:

Should you require further information please contact Laura Lju .

Yours sincerely

| 2o -

Laura Liu
PRECISE LABORATORY IDENTIFIER

Issue Date: Jun 2017 | Version 10 W1801301134 - 1 of 3
Precise Consulting & Laboratory Limited
All tests reported
Unit 1, 30 Greenpark Road, Penrose, Auckland 8023 A herein have been
@ performedin accordance
with the laboratory's

P: 09 282 3886 W: www.preciseconsulting.co.nz ACCREDITED LABORATORY  scope of accreditation
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Sample Analysis Results

Certificate Number: W1801301134
Report Date: 02 Feb 2018
Site Location: 18-02509

PRECISE

CONSULTING & LABORATORY

Note 1: The reporting limit for this analysis is 0.1g/kg (0.01%) by application of polarised light microscopy, dispersion

staining and trace analysis techniques.

Note 2: If mineral fibres of unknown type are detected (UMF), by PLM and dispersion staining, these may or may/not be
asbestos fibres. To confirm the identity of this fibre, another independent analytical technique such as XRD analysis'is

advised.

Note 3: The samples in this report are “As Received”. The laboratory does not take responsibility for the samplingsprocedure or
accuracy of sample location description. This document may not be reproduced except in full.

Identified by:

S| % A

Approved Identifier: Laura Liu

Reviewed by:

7R

Key TechnicahPerson: Laura Liu

Client . - .
Sample ID sample ID Sample Location/Descripti Analysis Results
N
5.0-1.4 5-.0-1.4 Non-Homogenieous Soil No Asbestos Detected

516.0g

Organic Fibres

235A-0.1- 235A-0.1-
4.6 4.6

NomHomogeneous Soil
587.5¢

No Asbestos Detected
Organic Fibres

235A-0.1- 235A-0.1-
1.2 1.2

Non-Homogeneous Soil
305.0g

No Asbestos Detected
Organic Fibres

231-0-1.2 231-0-1.2

Non-Homogeneous Soil
337.0g

No Asbestos Detected
Organic Fibres

No Asbestos Detected

43-0-0.4 43-0-0.4 Non-Homogeneous Soil L
Organic Fibres
350.5g
43-0-4.7 A3-0-477 Non-Homogeneous Soil No Asbestos Detected

290.5¢g

Organic Fibres

235A-0.2= 235A-0.2-

Non-Homogeneous Soil

No Asbestos Detected

1.2 1.2 404.50 Organic Fibres
235A02- 235A-02- - . No Asbestos Detected
Non-Homogeneous Soil -
42 4.2 Organic Fibres
416.5¢
43-0-3.5 43-0-3.5 Non-Homogeneous Soil Chrysotile (white asbestos) Fibres

114.0g

Organic Fibres

Issue Date: Jun 2017 | Version 10
Precise Consulting & Laboratory Limited
Unit 1, 30 Greenpark Road, Penrose, Auckland 8023

P: 09 282 3886 W: www.preciseconsulting.co.nz

W1801301134 - 2 of 3

All tests reported
A herein have been
@ performed in accordance
with the laboratory's

ACCREDITED LABORATORY  scope of accreditation
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Appendix 1: Soil Analysis Raw Data

Certificate Number: W1801301134

Report Date: 02 Feb 2018
Site Location: 18-02509

PRECISE

CONSULTING & LABORATORY

>7mm Asbestos Containing

‘bestos Fines/Fibrous Asbestos”

sample Client Sample Weights Material (ACM)* Trace
Sample § L 3 Asbestos
ID D Total 10L Total 500mL >7mm 2-7mm <2mm Sub <2mm >7mm ACM Form & %" ACM Form & <2mm Form & Detected™
(Kg) Sub-Sample (g) Fraction (g) Fraction (g) Sample (g) Excess (g) (g) i“‘ (g) %" ACM (g) %"

5-0-1.4 5-0-1.4 - 516.0 - 11.0 95.5 407.0 - - - - - No

235A- 235A-

0.1-4.6 0146 - 587.5 323.5 66.0 104.0 91.5 - - - - - - No

235A- 235A-

01-12 01-1.2 - 305.0 106.5 77.5 98.0 22.5 - - - - - - No

231-0- 231-0-

1.2 12 - 337.0 - 9.5 102.0 225.5 - - - - - - No
43-0-

0.4 43-0-0.4 - 350.5 60.0 42.5 95.5 162.0 - - - - - - No
42';)' 43-0-4.7 - 290.5 - 14.5 97.0 179:0 - - - - - - No
235A- 235A-

02-1.2 0.2-1.2 - 404.5 146.0 99.0 96.5 62.5 - - - - - - No
235A- | 235A-02-
02-4.2 4.2 - 416.5 315.0 57.5 43.5 - - - - - - - No
100%
-()- 0,
4?3: S 43-0-3.5 - 114.0 36.0 78.0 - 1.6106 10%;;% 5.0120 Free - - Yes
’ Fibres

* These results are raw weighed data presented as per the Western Australian Guidelines and may be under the reporting limit for guidelines AS4964 of 0.1g/kg

** Trace asbestos detected is indicative that freely liberated’respirable fibres are present and dust control measures should be implemented or increased on site. This is
not the sole indicator for the friable nature of the asbestosjpresent.

*** Asbestos percentage is determined using EPA-600-R-93-116: Method for the Determination of Asbestos in Bulk Building Materials and are outside of IANZ

accreditation #1097 and is therefore not endorsed by tANZ.

Issue Date: Jun 2017 | Version 10

Precise Consulting & Labgrataory LtdLimited

Unit 1, 30 Greenpark RoadgPenrose, Auckland 8023

P: 09 282 3886 W: www.preciseconsulting.co.nz

W1801301134 -3 of 3
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ANALYTICA
LABORATORIES

Analytica Laboratories Limited
Ruakura Research Centre

10 Bisley Road

Hamilton 3214, New Zealand
Ph +64 (07) 974 4740
sales@analytica.co.nz
www.analytica.co.nz

Certificate of Analysis

P |
%
GHD - Christchurch Lab Reference:  18-06896 q%

138 Victoria Street Submitted by: William Terry
Chn'stphurch N Date Received:  28/02/2018
Attention:  William Terry Date Completed: 5/03/2018
Phone: Order Number: 0
Email: william.terry@ghd.com Reference: 5137675 ?s
Sampling Site: Q

Heavy Metals in Soil x O

Client Sample ID HA A 233 03 HA B 233 03 HAC 23303 HAD 23303 HAF 23306
Date Sampled ~ 27/02/2018 27/02/2018 27/02/2018 27/02/2018 27/02/2018

Arsenic mg/kg dry wt | 0.125 7.02 578 _IN"8.03 7.66 36.1
Cadmium mg/kg dry wt | 0.005 0.091 0514, 4 N 0098 0.42 250
Chromium mg/kgdry wt | 0.125 16.8 %8 N° 18.0 180 456
Copper mg/kg dry wt | 0.075 27.0 AN 139 470 747
Lead mg/kgdrywt | 0.05 108 I 815 429 2,470
Nickel mg/kg drywt | 0.05 137 o l( 9132 12.1 15.9 69.3
Zinc mg/kgdrywt | 0.05 102 ‘\ . 228 78.1 289 2,350
Heavy Metals in Soil .

Client Sample ID HA A 47A 03 HA A 4503 HAA 22303 HAB 23301 HAB. 450.1

Date Samplea 21102/2018 27/02/2018 27/02/2018 27/02/2018 27/02/2018

Arsenic mg/kg dry wi 0925 767 5.17 8.47 775 185
Cadmium mg/kg dry wig| \0.005 0.18 0.13 0.41 0.14 0.39
Chromium ma/kg d 0.125 16.7 16.5 18.1 16.1 204
Copper mg/kg Ay’ 0.075 275 14.9 46.7 12.0 451
Lead gdy wt | 0.05 104 93.7 386 58.6 324
Nickel gdrywt | 0.05 15.1 12.6 15.0 125 13.9
Zinc gdrywt | 0.05 141 105 331 17 237

Heavy Metz

ClientSample ID HA_C 45 01 HA_ G 23304 HA B 47A 02
Date Sampled  27/02/2018 27/02/2018 27/02/2018

Arsenic mgkgdrywt | 0125 | 917 ' 129 ' 575
Cadmium ma/kg dry wt | 0.005 041 174 0083

All tests reported herein have been
. performed in accordance with the
@ laboratory’s scope of accreditation,
with the exception of tests marked *,

ACCREDITED LABORATORY Which are notaccredited.

Report ID 18-06896-[R00] Page 1 of 2 Report Date 5/03/2018
This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories



Heavy Metl in Soil

ClientSample ID HA C 45 01  HA G 233 04 HA B 47A 02
Date Sampled ~ 27/02/2018 27/02/2018 27/02/2018
Chromium mg/kgdrywt | 0.125 19.0 255 142
Copper mg/kg drywt | 0.075 425 167 15.0
Lead mgkgdrywt | 0.05 215 1,350 409
Nickel mg/kgdrywt | 0.05 12.3 247 116
Zinc mg/kgdrywt | 0.05 290 1,220 757

Total Heavy Metals in Water

RB 27/2 TB2 27/2

Client Sample 1D

Date Sampled 27/02/2018 27/02/2018

0.0005

Method Summary

Elements in Soil

Recoverable Trace
Elements

Acid digestion followed by ICP-MS analysis. US E

A\

Samples were analysed as received by the la

US EPA method 200.8.

O

o

&

faethod 200.8.

sing ICP-MS following an acid digestion.

Arsenic g/m3 <0.0005 <0.0005 é'
Cadmium g/m3 | 0.00001 0.00002 <0.00001 v
Chromium g/m® | 0.0002 0.00031 <0.0002

Copper ag/m3 | 0.0002 <0.0002 <0.0002 Q

Lead g/m3 | 0.00005 <0.00005 <0.00005 . O

Nickel g/m3 | 0.0002 <0.0002 <0.0002 \\

Zinc g/m3 | 0.001 <0.001 <0.001 %

Report Comments
Samples were collected by yourselves (or your agent) an %@Qed as received at Analytica Laboratories. Samples were in
acceptable condition unless otherwise noted on this re

Elizabeth Fitzgerald, B.Sc.
Inorganics Team Leader

\\
K\

Report ID 18-06896-[R00] Page 2 of 2 Report Date 5/03/2018
This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories
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Ministry.far the DOCUMENT 29
Environment

Manati Mo Te Taiao

Memo

To: Shaun Lewis File ref: 20/04/03/60312/03
From: Kim Wepasnick Date: 24 November 2017
CC: Bruce Croucher

Re:  Approval of the Contaminated Sites Remediation Fund Deed of Funding for
Canterbury Regional Council’s $ 2@ Landfill Investigatiori project.

Purpose

1. To seek your approval of the Canterbury Region Council (Environment
Canterbury (ECan)) Deed of Funding (the, Deed) with a total Contaminated
Sites Remediation Fund (CSRF) contributiori+of $2@®M" (excl. GST) for their
project entitled $9@(@ Landfil fpvestigation’ (the Project).

2. The purpose of this project, issfor/ECan to investigate and delineate the
Hawford Road former landfill"'site and assess the risks to residents and the
environment.

Background
3. The$°@@ Landfill (the Site) is located in 89@@  Christchurch within
a residential area and was subject to landfilling in the 1900’s.

4. Landownersiwere unaware of the contamination in the soil when the bought
their properties. The landfill only came to the attention of ECan following the
submission of detailed site investigations in 2015 for repair work from the
2021/Canterbury Earthquake.

5, The source of the fill is unknown, but initial investigations have found
concentrations of lead, arsenic, chromium, copper, zinc and asbestos that
exceed residential soil guideline values for the protection of human health.

6. On 30 May 2017, the Minister for the Environment approved ECan for up to
Sa2@ S| (70% of total project costs) to be invited to Stage 11 (Project Planning)
for their project. Stage Il involves the development of a Project Management
Plan (PMP) which includes agreeing to project objectives, milestone

deliverables and a detailed budget. The PMP forms part of the Deed.
Project Management Plan

1. The Project has the following objectives:

Document ID: 000007301836
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a. The assessment of the 5°()@ Landfill is undertaken in manner
that minimises any risk from the contaminants present to site workers
and owner/occupiers

b. Determine the lateral and vertical extent of the 2@ Landfill
and characterise the contaminants within the fill materials.

c. Quantify the risk presented to human health and the environment from
contamination associated with the historical landfilling activities.

d. Provide landowners and property occupants with information on the
extent and severity of the contamination at their property.

The key task of the project is to conduct a Detailed Site Investigation that will
enable the objectives above to be achieved. Therefore the PMP “has one
milestone claim for the project with the final Detailed Site Investigation report
as the key deliverable as well as other standard Ministry reporting
requirements.

Deed of Funding

3.

Typically the landowner of the affected site,would be party to the Deed,;
however, as the area of investigation is located across a number of residential
properties, the Ministry allowed ECan Seek permission from the land owners
via a permission form rather than require.them to be a signatory to the Deed.
The permission form, which replages Section 6 of the Deed and waives any
liability from the Ministry, hasdeéen incorporated to the Deed (Annexure 2). .

The Deed and a Project Management Plan were drafted and on 2 November
2017, Adrienne Ellingham, Senior Solicitor, Ministry for the Environment,
confirmed via email.that/she had reviewed this Deed and that it was in order
for signing.

ECan have~mow successfully completed project planning and signed the
Deed.

The\Mipistry is now requested to sign the Deed of Funding.

page 2 of 3 Document ID: 000007301836
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Recommendations / Actions
| recommend that you:

a) Approve this funding by signing this memorandum and the attached Deed of
Funding with a total Contaminated Sites Remediation Fund contribution of
$9@M)) (Excl. GST) between the Ministry for the Environment and
Canterbury Regional Council for their project entitled $°%)@ Landfill
Investigation.’

Recommended: Yes / No

Bruce Croucher Date’=..............
Manager (Acting)
Hono Kaupapa Here

Approved: Yes / No

Shaun Lewis Date:................
Director
Mana Honohono

page 3 of 3 Document ID: 000007301836
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20-04-03-60306-01
2 June 2017

Conor Parker
Environment Canterbury
PO Box 345
Christchurch 8140

Teéna koe Conor Parker

Nga mihi I nga tini ahuatanga o te wa,

Funding approval for $%2@

project
Thank you for your application to the Contaminated, Sites Remediation Fund (CSRF). |
am pleased to tell you that the Minister forthe Environment has approved your
application and granted you $%@®® from the fiind.

The Ministry expects that the residents.willbe kept fully informed of the progress and
findings of the project. The landfill.will heed be delineated as part of the project and a
robust sampling plan will need ta be developed in conjunction with setting good data
quality objectives.

You will be required te.'submit a Project Management Plan (Project Plan) to the
Ministry. The Ministry will supply you with a Project Plan template, but you are
welcome to use your-0wn as long as it shows how the outcomes from your application
will be delivered,

Your Project,Plan should also include sufficient detail on how you will manage:
¢ .Riskumanagement
e (Health and Safety
o/ yQuality Assurance
e Communication strategies with project stakeholders including a reporting
schedule.

The project plan should also contain a schedule that clearly identifies the project
milestones, and for each milestone the following details:

e the tasks to be completed

e the expected deliverables

e the completion dates, and

¢ the financial contributions (total and CSRF).

Document ID: 7125600



19-D-02771

After an acceptable Project Plan has been delivered to the Ministry we will contact you
to discuss the development of a project funding agreement (funding deed) to outline the
work that will be funded. Expenses incurred before the deed is signed by both parties
are not eligible for reimbursement.

Funding is not guaranteed until you have a signed funding deed with the Ministry.

David Jackson has been assigned as your main point of contact during the Project Plan’s
development. David will provide you with support, but cannot provide specific advice
on writing your Project Plan.

Next steps
The table below illustrates the next steps required from you to proceed.

- -
No.

1 Read the Guide for Grantees thoroughly as it contains information
about what happens at deed and Project Plan development stages.
2 Commence drafting your Project Plan
The information in the guide will also be useful*when drafting your

Project Plan.
Your Project Plan is due to the Ministry by 30 June 2017.

Please contact David Jackson at David.Jackson@nfe.govt.nz if you have any queries.

Please note that this letter does not constitute a binding agreement.

Naku noa, na,

Hinemoa Awatere
Manager, Hono Tataki — Resource Efficiency and Innovation

Page 2
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30 August 2019

Ministry for the Environment
Attn: Vicky Robertson

Chief Executive

PO Box 10362

Wellington 6143

Via email; Vicky.Robertson@mfe.govt.nz

Dear Vicky,

Request for 100% funding from the Contaminated Site Remediation Fund (CSRF)
for s9@@) Landfill remediation works

Thank you for your offer to fund 70% of the costs associated with.the remediation of the s9(2)(@)
Landfill. The grant was offered in April this year toJ emediate 20 properties which were
discovered to have been built on a landfill that existed befare 1940.

Environment Canterbury and the Christchurch City/Council have undertaken a significant
amount of work on the project to date, including! jointly funding the initial investigation, and
undertaking extensive consultation withlandewners and residents throughout the CSRF
process.

The CSRF funding application for femediation resulted in s9(2)()(i) being awarded towards
the total estimated cost of s9@)(). The landowners are grateful for the offer to fund 70% of the
cost, and Environment Cghterbury has spent a significant amount of time discussing the
proposed remedial options\with residents, as well as potential payment options. However,
despite the effort that has’been put into progressing this project, it appears as though only one
or two of the landowners can afford to pay the remaining 30% of the cost, which ranges from
$s 9(2)(b)ii) per property.

We believerthat this creates a high risk that remediation will not be completed due to it being
unaffordable=~for the landowners. The Christchurch City Council and the Canterbury District
Health Board have both written letters to Environment Canterbury requesting that the Ministry
reconsider its funding decision and agree to meet 100% of the cost. We would be keen to engage
withthe Ministry over how this could be achieved.

We consider that the CSRF was created for those sites where residents cannot afford to
remediate their property, particularly in the circumstances where they have inherited the liability
through no fault of their own. The existence of the landfill was only discovered during earthquake
rebuild works, adding further strain to residents during an already stressful time. The Canterbury
District Health Board letter notes that in addition to the physical risk of exposure to contamination

Our ref: IN7C/3738
Your ref: §9(2)(@) Landfill
Contact: Graham Aveyard (graham.aveyard@ecan.govt.nz)
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at their properties, the financial pressure and stress of living on contaminated land may
contribute negatively to residents’ health.

We consider that the §9(2)(@) Landfill is exactly the scenario envisaged for the CSRF to
secure meaningful remediation for the landowners. We would be disappointed and concerned if
remediation did not take place considering the high levels of contamination, and the sensitive
residential nature of the site.

Yours sincerely,
"/

Bill Bayfield
Chief Executive

Encl:
1. Christchurch City Council letter to Bill Bayfield, 19July 2019
2. Canterbury District Health Board letter to Ministry for the Environment, 15 August 2019

CC: Bruce Croucher (by email bruce.crouecher@mfe.govt.nz)
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1. Introduction

1.1 The Issue

A Detailed Site Investigation (DSI) is required in a residential area of $9)@ n Christchurch.
The project area contains a number of residential properties which lie on the site of a former
landfill. Previous investigations on individual properties as part of earthquake repairs have
found concentrations of metals and PAHSs in the shallow soil in excess of human health
guidelines. Fill material is thought to have been emplaced beneath the project area after
aggregate extraction at some point in the early 20" Century prior to the 1940s. The fill
comprises brick, bone, china and slag. No putrescible waste has been identified to date.

The DSl is required to understand the extent and thickness of the fill, the concentrations of
contaminants within it and the potential risk to identified receptors, principallysthe residents of
the affected properties.

The project is being managed by Environment Canterbury with funding,frem the Ministry for
Environment Contaminated Sites Remediation Fund, Christchurch CityxCouncil (CCC) and
Environment Canterbury.

As part of the tender submission a Sampling Plan is required‘explaining the nature of the DSI
and how it will be completed. This document forms the:Sampling Plan.

1.2 Purpose of this report

The purpose of this report is to detail the manner in which site specific data will be obtained in
order to satisfy the aims of the project.

1.3 Scope and limitations

The scope of the investigation is,to,complete a DSI that will provide information on soil and
groundwater conditions in order to update the Conceptual Site Model and assess the
associated risks to humanhealth and the environment.

The works will include:
. Engagenient of an Underground Service Locator Specialist

° Obtain, service plans for the area through B4UDig and private service plans from CCC
(note private service plans are excluded from tender price)

o Liaison with residents to obtain access for sampling

° Coring of 13 bores, using a small drilling rig, located across the main area of filling, to drill
through the fill to a depth of approximately 5m

° Coring of 10 bores, using a window sampler, across the area believed to be at the edge
of filling and in areas of restricted access, to a depth of 4-5m

. Hand augering of 13 shallow bores to fill data gaps and to access difficult areas
. Sampling of soil from all locations
. Laboratory analysis of soils for metals, PAH, asbestos and pH

. Leachability testing (TCLP) for metals

. GHD field supervision
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. Completion of a draft DSI report including details in fieldwork, analytical results,
comparison with guidelines, updated conceptual site model, human health and
environmental risk assessment and recommendations for future work.
. Completion of a final DSI report (after one set of consolidated comments from

Environment Canterbury

. Completion of approximately 23 individual letter reports for the properties in the project
area for Environment Canterbury %

. Attendance at a post-works residents meeting to discuss the findings \q
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This report: has been prepared by GHD for Environment Canterbury and may only be used and relied on
by Environment Canterbury for the purpose agreed between GHD and the Environment Canterbury as set
out in section 1.2 of this report.

GHD otherwise disclaims responsibility to any person other than Environment Canterbury arising in
connection with this report. GHD also excludes implied warranties and conditions, to the extent legally
permissible.

The services undertaken by GHD in connection with preparing this report were limited to those specifically
detailed in the report and are subject to the scope limitations set out in the report.

The opinions, conclusions and any recommendations in this report are based on conditions eéncotintered
and information reviewed at the date of preparation of the report. GHD has no responsibility. or obligation
to update this report to account for events or changes occurring subsequent to the datexthat the report was
prepared.

The opinions, conclusions and any recommendations in this report are based‘on assumptions made by
GHD described in this report (refer section(s)1.4 of this report). GHD disclaims liability arising from any of
the assumptions being incorrect.

GHD has prepared this report on the basis of information provided‘by Environment Canterbury and others
who provided information to GHD (including Government authofities)]; which GHD has not independently
verified or checked beyond the agreed scope of work. GHD doesnot accept liability in connection with
such unverified information, including errors and omissions in\the report which were caused by errors or
omissions in that information.

1.4 Assumptions

This sampling plan is based on/access to the properties as informed by Environment
Canterbury during the tender period. These properties are shown in Table 1 and Figure 4.
Properties excluded are:

) s 9(2)(a)

The property‘at S 9(2)(@) has been included on the basis that access can be
negotiated, Itis hoted that the property is currently vacant and is for sale.

We have,selely focussed our design on the risks from soil to human health and the potential for
Iéaching’from the fill material. We have therefore not included piezometers or surface water
sampling. We considered that trying to include investigation of such environmental pathways
would detract from the main focus and consume too much of the limited budget. The net result
potentially being a number of half-investigated pathways. We consider these pathways should
be comprehensively investigated, as a secondary phase, if required.
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Figure 2: View of the Project Area from the low poil‘l&l _,

looking north K

% igure 3: Jackson’s Creek culverted under $S@@ TN |o0king north west
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3. Health & Safety

Previous investigations have found evidence of fill material in the soil beneath residential
properties in the area therefore it is expected that these contaminants will be encountered
during this investigation.

These chemicals are most likely to be (but not limited to):

° Heavy metals, principally lead and arsenic, but also chromium, copper and zinc have
been found at high concentrations. Chromium speciation has not been tested for in
historical analysis however Chromium VI may be present.

. Polycyclic Aromatic Hydrocarbons (PAH), with benzo(a)pyrene being the principal
contaminant of concern

With some potential for the following:

. Asbestos (associated with former buildings) — asbestos has been found in the two
properties encountered. The source of this is to be determined as itbhmay be related to the
fill or the later houses built on top.

The contaminants of concern are discussed further in the Conc¢eptual Site Model section of the
main tender document. Details on laboratory analysis are provided in Section 7 of this
Sampling Plan.

A standalone HSE Plan will be developed as part‘ef the project which will discuss:

. Underground Services

. Contaminants of Concern

° Key Exposure Pathways

. Mitigation & Management Measures
° Emergency Planning

° Required Monitering

o Waste Disposal

All contractors will be required to attend a health and safety induction before works commence.
A GHD staff member will be present throughout the site woks. The GHD Project Director will
also undértake a HSE Audit during the works.
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4.

Proposed Sampling Locations

4.1 Summary of Locations

This section provides a summary of the overall sampling and monitoring locations for the DSI
followed by a rationale for each one. The sampling has be split as follows:

. Rig Drilled Bores — Coring of 13 bores, using a small drilling rig, located across the main (
area of filling, to drill through the fill to a depth of approximately 5m (see Figure 4) :

° Window Sampling — Coring of 13 bores, using a window sampler, across the area
believed to be at the edge of filling and in areas of restricted access, to a depth of/4-5m
(see Figure 4)

° Hand Augers — Advancement of 13 hand augers to depths of approximateiy 1-2m. These
have been used to fill in data gaps in areas where little or no previous ghalysis has been
undertaken. These are designed to obtain shallow soil samples in grderto assess the
risk from shallow fill material to residents (see Figure 4)

4.2 Rationale

The rationale for the well locations is discussed in Table 1 belowand proposed locations are
shown on Figure 5.

We have included the proposed location type (boreholey(BH), window sample (WS) or hand
auger (HA)), proposed data and pre-existing data. The proposed data and pre-existing data is
listed in Table 1 in terms of number of lab tests, For example at s 9(2)(@) we will
analyse soils for relevant contaminants frorn, 3.depths from the window sample location and 2
depths in the hand auger, making a total of 5 testing depths.

Locations were chosen on the basis of a combination of the following factors:

1 To provide a spread of deeper bores across the project area to enable cross sections to
be drawn.
2. To fill the dataigaps where coverage was sparse and further data was required with more

mobile sampling methods
3. On the ability of the locations to be accessed by rig
4. On.the.ability of the locations to be accessed by more mobile methods
5. . On the basis of aerial photography study followed by a street walkover of the area
Werrecommend that Table 1 should be read in conjunction with Figure 4.

Table 1 Proposed Sampling Locations and Rationale

Property Proposed Proposed Data Pre-Existing Data Notes
Locations

s 9(2)(a) 1 Window Sample  5x Lab Tests 5x XRF Tests XRF data only but some high
(WS), 1 Hand readings, may be edge of fill area.
Auger (HA) No bore as access appears

restricted for rig entry.

s 9(2)(a) 1 Rig-driven Bore  7x Lab Tests Sx Lab Tests, 5x XRF  Good existing data set. In area of
(BH), 1 WS Tests likely filling.
s 9(2)(a) 1BH, 1HA 6x Lab Tests S5x Lab Tests, 3x XRF  Good existing data set. In area of
Tests likely filling. House being rebuilt

with limited garden area.
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Property Proposed Proposed Data Pre-Existing Data
Locations

s 9(2)(a) 2BH 8x Lab Tests 4x Lab Tests Area of likely filling — House
appears to be being rebuilt.
s 9(2)(a) | 1BH 4x Lab Tests 5x Lab Testson lane  Good XRF data. One bore to
to north, 14x XRF establish fill thickness and provide
Tests extra chemical data (L
§9{2}L§) 1BH,1WS,1HA  9x Lab Tests 1x Lab Test, 13x XRF  Lack of lab data on this property.
Tests XRF suggests this may be less
impacted property.
| 1BH, 1HA 6x Lab Tests 3x Lab Tests, 11x This property may be outside area
XRF Tests of filling. Important deli“ea
site.
1WS, 1HA 5x Lab Tests 2x Lab Tests, 11x Similar toS’ a), this
XRF Tests may be ol of area of ﬁIIlng

too restrictive for rig.

s 9(2)(@) i 1BH, 1 WS 7x Lab Tests 5x Lab Tests, 6 XR site, western half appears
Tests impacted, eastern half does not.
s 9(2)(a) 1 1BH, 1HA 6x Lab Tests 5x Lab T {@R Similar to$ 9(2)(a) | with an
b apparently Impacted western half
and less impacted eastern half.
s 9(2)(a) 1HA 2x Lab Tests xQ This site has very little garden area
\ toaccess.59(2)@ | and
% those house beyond suggest this

L
\ may be the edge of filling.
\ 2
s 9(2)(@) Jj 18H li&) None Surrounding historical data

suggests this property may be
outside the area of filling.

s 9(2)@) | 1BH 4x Lab Tests 2x Lab Tests, 11x Good XRF data but lack of deep
@ XRF Tests data. Uncertain if this property
\Q remains vacant. Key property in

establishing northern extent of fill.

data. XRF suggests this may be a
fill-impacted site.

s9(2)a) égH 1HA 6x Lab Tests 12x XRF Tests Good XRF data but lack of depth

1BH, 1 WS, 1HA 9x Lab Tests 2x Lab Tests, 5x XRF  Key site for delineation. Western
Tests half of site appears unimpacted,
eastern half shows evidence of fill.

1WS,1HA 5x Lab Tests 1x XRF High quality garden with terraces at
front. Access likely limited. Lack of
XRF suggests residents may not be
keen on disturbance. WS located in
same area as historical XRF test.

1WS,1HA 5x Lab Tests 4x Lab Tests - All One of the more difficult sites to
Composited access. Lack of accessible locations.
Historical sampling suggests fill
present.

2BH, 1 HA 10x Lab Tests 5x XRF Tests Good driveway access. Lack of
deep data and a key property
which cuts across the likely area of
filling.

o
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Q\igure 4: Proposed Investigation Locations and Pre-Existing Data
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Pre-Drilling Works

5.1 Underground Service Assessment

5.1.1 Obtaining Service Plans

As with any intrusive investigation, we undertake a thorough pre-assessment of utility risk
involving a dial-b4-u-dig request to obtain service plans followed by on site scanning of potential
intrusive locations. However, these service plans typically stop at the property boundary
therefore private property drainage plans will need to be obtained from CCC. We have not
included these plans within our costings, as CCC are part of the project we have assumed that
these will be able to be provided to the successful tenderer at no cost.

5.1.2 Specialist Cable Locators

We intend to use Underground Services Locators Ltd (USL) to utilise cable seanning and GPR
techniques.

During the utility services assessment we will not spray-paint utility, lines on the ground but
rather assess where these run relative to our proposed sample loeation. For sampling locations
we will endeavour to use areas on soil first, followed by grasssareas. We do not propose to
disturb tarmac or concrete drive-ways. We will use a small,amount of spray-paint to mark a
cross on the location of drilling that has been cleared for services. This will be washed off (if it
remains) immediately after sampling.

We have allowed 10 hours for this task, netingthat this may have to been done over different
days due to restrictions on property access.
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Intrusive Works & Monitoring

6.1 Drilling Methodology

6.1.1 Site Establishment

around the location will be covered with impermeable materials, e.g. tarpaulins so that core
barrels can be lain down, inspected, photographed and sampled without soil spilling on the Q
surrounding areas. We intend to avoid tracking the Power Probe across grassed areas, b

this is necessary, and with the residents permission, we can use boarding as shown inwre 5

to reduce the impact on the surface.

6.1.2 Rig-drilled Boreholes E

A Power Probe VTR9100 drilling rig will be used to advance 13 drill holes i project area.
This is a limited access rig ideal for residential properties (see Figure): method will
produce a cored sample enabling soil sampling throughout the profile.

At each property we will discuss our intended access/egress route with the owner. Ground q%

Figure 5: Pm@ Probe Drilling Rig

O

the local area are limited but one bore showed a fill thickness of 4m at
- We therefore have based our investigation on drilling to a depth of 5my)The
ions of rig-drilled bores are highlighted in Figure 6 below.

12 | GHD | Report for Environment Canterbury -8§9(2)(@) | Landfill DSI, 51/0908020/



GHD | Report for Environment Canterbury -89(2)(@) | Landfill DSI, 51/0908020/ | 13



6.1.3 Window Sampling

We will use a window sampler to advance 13 bores and collect soil samples. The window
sampler drives hollow steel tubes into the ground using a small petrol driven percussion
hammer (see Figure 7). These locations are sited in areas of more difficult access for the rig as
the window sampler is very mobile and can be carried onto sites.

Figure 7: Window Sampling Equipmenﬁ;‘l\ ores
The window samples aim to reach a target d@ f 5m. The locations of window samples are

Figure 8: Proposed Window Sample Locations
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6.1.4 Hand Augering

Hand augering has shown mixed success in the area based on historical investigation bore

logs. This is mainly as it has met with obstructions in the fill in trying to advance to depths

beyond 1.5-2.0m. However there is still value in this as a method of providing shallow soil

samples. This is particularly important for the shallow soil areas in which residents or

excavation workers are mostly likely to dig and be exposed to potential contaminants. We have
proposed to advance 13 hand augers in areas where data is currently limited or access (L
constraints are in place. We propose these augers will be advanced to a maximum of 2m, bu %
many will likely terminate in the top 1m of soil due to obstructions. The locations of the auger

samples are highlighted in Figure 9 below.

| O«\v
>
xO‘(Q

Figure 9: Proposed Hand Auger Locations

6.2 S& Collection and Decontamination Procedures
|

Soil sa be collected from the bores and augers at a variety of depths and sent for
laborat nalyses. This is proposed to be as follows:

b Rig-drilled bores — 4 sample depths — ideally in top 0.1m, in the fill above water table, in
the fill below the water table and below the fill layer

% . Window samples — 3 samples depths — ideally in the top 0.1m, in the fill and below the fill

@ . Hand augers — 2 sample depth — in the top 0.1m and in the 1.0-1.5m range in the fill
@\ These sample depths are approximate and may vary depending upon the depth to groundwater
and obvious signs of contamination. Soils will be collected by GHD staff from the cores provided
using clean nitrile gloves and a stainless steel trowel. Clean gloves and a clean trowel will be

used at each location to avoid cross contamination. Materials will be decontaminated with
Decon-90 or similar detergents.

The core liners from each method can be removed and soil samples extracted from the lined
sampling barrel. We will then sample directly from the core into sample jars using clean nitrile
gloves and trowels, with cleaning between samples as discussed previously.
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6.3 Vapour Monitoring

GHD undertakes vapour monitoring during all field works. We will have PID and LEL monitors
available during the works for safety purposes. We will also collect soil samples for PID
headspace testing during the investigation. Samples will be collect in sample bags, left for 3
minutes and then tested with the PID.

6.4 Post-Sampling Demobilisation Cb(l/

At each property we will take a photographic record of the access route(s) taken to the samplq
locations before and after drilling. We will also take photographs of each sampling Iocation\
show that holes have been backfilled and left in a safe condition.

At the end of sampling, each hole will be backfilled with arisings, supplemented b itional

At each hole, if on grassed areas, a neat square of turf will be carefully cut and Iq!'d t@ side.
soil or bentonite if required and the grass square neatly replaced.

Q
.\O
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Laboratory Analysis

7.1 Nominated Laboratory

Our analysis will be undertaken at the Analytica Laboratory in Hamilton. Analytica is an IANZ
accredited laboratory.

7.2 Total Sample Numbers

The rationale for the suite chosen is discussed in the Methodology part of the tender in the |
‘Contaminants of Concern’ section. In total, our sampling will result in approximately 117
soil samples from 39 different locations, in addition to the existing data to provide a
comprehensive coverage across the project area.

7.3 Soils Analysis

Soil analysis has been broken down into component analytes in Table 2,

Table 2 Soil Analysis

Location Heavy Metals PAH Asbestos Full WA

(inc CrVI)

Rig-drilled Bores (13 No.) 52 (4 per bore) 39 (3 per bore) 20 (1ﬁ‘fsﬁallow, 10deep 20 (10 shallow, 10 deep

Sbvead across project spread across project
Window Samples (13 No.) 39 (3 per bore) 26 (2 per bqpe} NS area) area)
Hand Augers (13 No.) 26 (2 perbore) 26,2 plr bore)
Total Analyses 17 AN 20 20

7.4 Leachability Analysis

We have included a cost'for undertaking some initial testing on the leachability of the fill
materials. We hayveallowed for 26 samples to be tested for TCLP testing. This equates to two
samples from'each of the 13 rig-drilled bores. One from a shallow depth and one from within the
deeper fillFmaterial.

Metals a'e considered to be the only contaminant of concern for TCLP analysis. In the PAH
family, naphthalene is considered to most mobile of the PAHSs in terms of leachability and is the
only PAH included in the MfE Landfill Waste Acceptance Criteria. As naphthalene
concentrations in the soil samples measured to date were below guideline levels there is no

~ justification for leachability testing.

7.5 Quality Control Samples

Quality samples will be collected during the sampling period. Duplicate sample sets will be
collected to check for laboratory precision, with rinsates and trip blanks to check for cross
contamination of equipment and contamination during transport.

Based on the total sample numbers the following QA/QC samples will be taken:

° Trip Blank (1 per batch) — allow 3 — to ensure volatiles aren’t introduced in transport (and
influencing PAH results)
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. Duplicate Set (1 per 20 samples) — allow 5 — to check lab repeatability
. Rinsate — allow 3 — to check appropriate decontamination of sampling equipment is
occurring
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Review of CSRF funding - Historical Christchurch Landfill

Key Messages

1. The purpose of this briefing is to seek your response to Environment Canterbury’s (ECan) %L
request for a review of your previous Contaminated Sites Remediation Fund (CSRF q
decision on funding for their Historic Christchurch Landfill remediation project (the Project).

2. ECan submitted an application to the CSRF seeking 100 percent funding for their Pr%t
to the second fundmg round 2018/19. On 1 April 2019, you approved CSRF f@ g
totalling B =<A0AW which is 70 percent of the total project costs.

3. On 6 May 2019, ECan accepted the offer of funding from the CSRF. Since theg ECan have
been discussing the gap in the project funding with the individual Ian@s and the

Christchurch City Council (CCC).

4. On 19 July 2019, CCC requested that ECan approach the Mws@& he Environment
(the Ministry) and ask we reconsider their CSRF applic an, CCC and the
Canterbury District Health Board (CDHB) all consider that @t 100 percent CSRF
funding that the majority of landowners will not be able to he remediation of their
property and will therefore remain exposed to contamirg6 lls

5. We recommend that you decline ECan’s request to i e the percentage of funding for
the project. We consider that your existing fundin&@ is appropriate and is consistent
with the CSRF’s assessment criteria, which consider'where the benefits are realised and
ability to pay of both the landowners and ceu

Background

4
6. The historic Christchurch landfill tha@ this project appears to have been operational
around the early 1900s as the fj -dates houses that were built in the area in the
1940s. Key contaminants of con re the heavy metals lead, arsenic, chromium, copper
and zinc and also polycyclic agomatic hydrocarbons. Lead contamination is the greatest
concern, with concentra% e site exceeding the residential soil contaminant standard

imes.

of 210 parts per mllllonx'

7. The purpose of the Pgbject s to remediate soil contamination discovered during earthquake
repair works on a er of residential properties in a Christchurch suburb following the
2010/2011 ea es. The area was not identified on ECan’s Listed Land Use Register

(LLUR) prio eiving earthquake repair reports and therefore the LLUR details would
not have on any Land Information Memoranda provided to residents by the
[ ity Council when residents purchased their properties

2018, with assistance of 70 percent of the total project costs from the CSRF
ECan and CCC completed the Phase 2 — detailed site investigation. The
tigation determined that 23 properties are affected by contamination. In September
18, ECan submitted an application to the CSRF for the remediation of these properties.

&ECan submitted an application to the CSRF’s second funding round for 2018/19. They

\ sought 100 percent funding E2@BIMEor their Project to assist 21 landowners to
remediate their properties. On 1 April 2019, you approved 70 percent funding

Q‘ of the total project costs in Briefing note 2018-B-05203 attached as Appendix
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Recommendations

26. We recommend that you:

either decline Environments Canterbury’s request to increase the funding for their Historic (L

Christchurch Landfill project. (recommended)
Ye%{%

or agree to change the funding percentage for Environment Canterbury’s Historic
Christchurch Landfill projectto ........ percent of the total project cost.

agree that this briefing and appendices will be released proactively on the Minis foEthe
Environment’s website once a Deed of Funding is in place with Envsronmen terbury and
the landowners.

Signature é®

CAlod X0 S/1/14

Glenn Wigley C)
N

Director
Natural and Built System

Date /- ////f
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