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Executive Summary 
Payne Developments (herein referred to as ‘the Client’) commissioned Opus International Consultants Ltd 
(Opus) to undertake a Combined Preliminary Site Investigation Report, (PSI) and Detailed Site Investigation 
(DSI) for a piece of land located at North West Arch, Twizel (herein referred to as ‘the site’). The site is 
proposed to be subdivided with land use change to residential with associated ground disturbance. 

A detailed site investigation (DSI) was undertaken in order to assess the potential for contamination to be 
present on the site. Historically the site has been typically open, undeveloped land with some pine 
plantations; however it is also understood that part of the site to be subdivided contains the former Twizel 
Landfill site. As such the site is designated as having undergone activities on the Hazardous Activities and 
Industries List (HAIL) as determined by the National Environmental Standards (NES). 

This DSI assessment has been undertaken to physically investigate the site taking into account the potential 
for ground gas to be present as a contaminant of concern, given the proximity to and filling history of the 
Twizel Landfill.  

This report is required to support consent applications, and address any issues that may require comments 
to progress building consents for the sites south of NW Arch by MacKenzie District Council (MDC) and 
Environment Canterbury (ECAN). This report has been produced in general accordance with the provisions 
of the National Environmental Standards (NES) and Contaminated Land Management Guidelines (CLMG) 
regarding subdivision and land use change of potentially contaminated land. 

A Site Investigation programme was undertaken on 5th and 11th June 2017, by an Opus Engineer. Samples 
were taken from near surface soils to depths of up to 300mm. Sample locations were determined by the 
SQEP prior to commencement of site works and were located randomly within a grid basis to cover all areas 
of the site. In addition three boreholes were advanced to depths of up to 10.00m below existing ground level 
(begl) in order to install gas monitoring points. The results of the sampling and monitoring is included within 
this report. 

Seventeen samples of soil were taken as part of this investigation, three rotary boreholes (designated BH1 to 
BH3) were advanced to facilitate gas monitoring undertaken on three separate occasions. 

Results from these soil screening analyses have initially been compared against soil guideline values 
(SGVs) from the National Environmental Standards (NES) Appendix B: Soil Contaminant Standards. 
Chemical analysis results have revealed no elevated concentrations of heavy metals within the near surface 
soil sampled. As such the risk to human health associated with potential contaminants of concern is 
considered to be low. 

The outcome of the ground gas monitoring regime shows that the area of the site proposed for a land use 
change post subdivision is at a very low risk with respect to migration of landfill gas and that the site is 
considered suitable for development.  

As such, it is considered highly unlikely that there is a risk to human health should the proposed subdivision, 
land use change and associated ground disturbance be undertaken on the piece of land. The area of the site 
to be developed is therefore considered suitable for rural residential purposes 
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1. Introduction 

Payne Developments (herein referred to as ‘the Client’) commissioned Opus International Consultants 
Ltd (Opus) to undertake a combined PSI and DSI for a piece of land located at North West Arch 
(herein referred to as ‘the site’). The site is proposed to be subdivided with a land use change to 
residential and will have associated ground disturbance. 

A combined preliminary and detailed site investigation (PSI/DSI) was undertaken in order to assess 
the potential for contamination to be present on the site. Historically the site has been mostly open 
undeveloped land with some pine plantations. However it is also understood that part of the site to be 
subdivided is occupied by the former Twizel landfill site. As such the site is designated as having 
undergone activities on the Hazardous Activities and Industries List (HAIL) as required by the National 
Environmental Standards (NES). 

This DSI assessment has been undertaken to physically investigate the site, taking into account the 
issue of potential ground gas (landfill gas) given the proximity to and filling history of the former landfill.  

This report has been compiled in order to support consent applications/processing and address any 
issues that may require comments to progress building consents for the sites south of NW Arch by 
MacKenzie District Council (MDC) and Environment Canterbury (ECAN). This report has been 
produced in general accordance with the provisions of the National Environmental Standards (NES) 
and Contaminated Land Management Guidelines (CLMG) regarding subdivision of potentially 
contaminated land. 

1.1. Objectives 

This report has been prepared in order to assess the potential for ground contamination 
across the site to exist with specific reference to the historic landfill and its potential to 
generate ground gas contamination. The presence of the historic landfill, located in the 
southwestern corner of the site, indicates that the site is considered to be within the remit of 
the National Environmental Standards (2011), Appendix C – Hazardous Activities and 
Industries List (HAIL). 

As such the following objectives have been identified: 

 Desk based research and site inspection of the  Twizel Landfill area with respect to 

ground gas generation and its potential as a contaminant of concern; 

 Determine whether any other potentially contaminating activities have been undertaken 

on the site or its surrounds; 

 Assess the potential risk of these activities to affect human health or the environment, 

particularly within the surrounds of the development area; 

 Assess whether further assessment or action is required with respect to the risks 

assessed;  

 Determine the likely impact upon sensitive receptors including site users, occupiers and 

construction workers on site; and 

 Provide recommendations where appropriate. 

1.2. Scope of Work 

In order to achieve the objectives set out above the following scope of works was undertaken: 

 An assessment of historical information relating to the site and its surroundings (this may 

be from documented or anecdotal evidence) including a review of historical aerial 

photographs; 

 A review of information relating to resource consents, geological conditions and 

hydrogeology of the site; 

 A review of information held by MDC and ECAN with respect to the site and its HAIL 

status;  
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 Targeted soil sampling and analysis of the site to build a site characterisation in terms of 

contaminants of concern in soils (land both north and south of NW Arch); 

 Targeted installation of three boreholes with ground gas and groundwater monitoring 

installations along the southern extent of the development area (north of the landfill area).  

 Completion of a preliminary ground gas monitoring programme over a 3 week period to 

establish the likely ground gas regime at the site. 

 Characterisation of the soils taking in to consideration the findings of nearby 

investigations to determine the risk to human health and the environment. 

 Characterisation of the site in line with NES guidance. 
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2. Site Identification and Description 

2.1. Location and Description 

The site is located at North West Arch, Twizel, as shown on the Site Location Plan, Figure 1. 

 

Figure 1: Site Location Plan 

The proposed development site is located on the property legally described as Lot 2 
Deposited Plan (DP) 52249 of which the parcel area is approximately 23.7ha (Certificate of 
Title CB31F/174).  In addition Lot 1 Deposited Plan 52249 with a parcel area of roughly 
3.28ha (Certificate of Title CB31F/173) has also been considered as it contains the majority 
of the Twizel Landfill area. The Twizel Landfill area is located within a former gravel quarry 
that is located on Lot 1 and the southernmost section of Lot 2. As such Lot 2 is also 
associated with the landfill area which is confirmed as a HAIL site by ECAN. Both sites are 
currently owned by MacKenzie County Council. 

The proposed subdivision of Lot 2 DP 52249 will take place in two stages; the first stage will 
separate it into 6 individual lots. 

 Lot 1 - 8.35ha; for residential purposes 

 Lot 2 - 4.37; for residential purposes 

 Lot 3 - 7.741; (Landfill Site) 

 Lot 4 - 0.721ha; to confer as a road (NW Arch) 

Approximate 
Site Location 
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 Lot 5 - 3ha; confer as a Recreation reserve 

 Lot 6 - 0.5824ha; confer as a Recreation reserve 

While the second subdivision stage further subdivides the newly created Lot 2 into 10 lots 
ranging from 4002m2 to 4350m2 net area. 

The Client is only purchasing the newly created Lots 1 and 2 for the purpose of residential 
development. 

Adjacent land uses to the site primarily include; pastoral land to the south west, evergreen 
trees to the east. Residential developments are evident to the North West and south of the 
site.  Oahu Road runs along the eastern site boundary. At its closest point the site is located 
1km north of Lake Ruataniwha.  

Details of the land surrounding the site are shown on the Quickmap plan in Figure 2. 

 

Figure 2: Quickmap plan of site and surrounds 

2.2. Geology and Hydrogeology 

The geology of the site is shown on the 1:250,000 scale GNS Geology Web Map extract 
(accessed July 2017) as shown in Figure 3 below.  

This map indicates the site to be underlain by the Mount John Formation superficial deposits 
comprising Late Pleistocene river deposits generally unweathered, variable mixture of 

Approximate Site 
Location Lot 2 

Approximate Site 
Location Lot 1 
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gravel/sand/silt/clay forming extensive terraces or plains. Basement geology consists of the 
Rakaia Terrane a complexly folded turbiditic Graywackes of Permian – Late Triassic era1. 

A review of the GNS Active Faults Database indicates that the nearest active fault, the Ostler 
Fault, lies some 2.6km west of the site, as shown in Figure 4. This reverse fault is described 
to have a moderate slip rate with a recurrence interval of between 2,000 and 3,500 years.  

The property is located within the Twizel Basin within the Waitaki Aquifer catchment which 
was noted to have good water quality and shallow groundwater2. 

All surface water flow in the area follows the general topography in a general south easterly 
direction towards Lake Benmore. 

 

Figure 3: Geological Extract of the GNS Geology Web Map 

  

                                                      
1 http://www.terrageologica.com/GhisettiGormanSibson07.pdf/ 
2 https://www.mfe.govt.nz/sites/default/files/media/Fresh%20water/Waitaki%20Catchment%20groundwater%20information.pdf 

Approximate 
Site 

Boundary 
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Figure 4: Extract from GNS Active Faults Database 

2.3. Site History 

A review of available aerial photographs has shown that in 1980 the Twizel Landfill was 
present in the south west corner of the site, the northern portion of the site north of NW Arch 
appears to be unused at this time. More recent aerial photographs show that since 2006 the 
site has still not been developed and appears unused, however there are a number of trees 
located on the site.  

Details of the site history, contained within the Property Statement from the Listed Land Use 
Register (LLUR) [ECAN], indicates that in the south of the site from the early 1970’s up until 
present day, was the Twizel Landfill. Prior to this date the area was used for gravel 
extraction purposes.  The LLUR indicated that the landfill site was not prepared prior to use, 
nor is there an environmental monitoring programme or controls in place. Waste materials 
accepted by the site included residential, commercial, industrial and bulky wastes. Whilst 
toxic and hazardous wastes were not knowingly disposed of, there is a record of asbestos 
being disposed of on the site in 1998; the amount of asbestos disposed is not specified. A 
Compliance monitoring report dated 2004 suggested that the site is still partly operative at 
this time, and that the site was not remediated as specified in the post closure management 
plan. The northern portion of the site beyond the landfill area is not noted to have been 
developed or utilised previously within the property statement. 

Historical information is presented in Appendix B. 

2.4. Land Use Database 

A review of MDC’s District Plan Maps indicates that the northern portion of the site lies within 
a Residential Zone 4, whilst the southernmost section of the site known to contain the former 
landfill is classified as an Industrial (Deferred) zone. 

From information available on the Property Statement from the Listed Land Use Register 
(ECAN) (July 2017), it is evident that the site has previously been subject to three resource 
consent applications, as detailed in Table 1. 

  

Approximate 

Site Boundary 
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Table 1: Consent applications for the site  

DATE DETAILS OF CONSENT APPLICATION 

1996 To discharge contaminates to land – consent issued 

1996 To discharge contaminants to air – consent issued 

2004 
To discharge contaminants onto land or into air from hard fill operation – 
consent issued 

 
These resource consent applications are most likely associated with operations and activities 
at the Twizel Landfill. 

2.5. Site Inspection 

The PSI site inspection was undertaken on the 5th July 2017 by an Opus Engineer. Details 
of the inspection are outlined below.  A site plan is presented within Appendix B and a 
selection of site photographs are presented within Appendix C. At the time of the site visits it 
was evident that logging to remove the pine trees had been taking place. 

The Detailed Site Investigation was completed between the 5th and 11th July 2017. Samples 
of near surface soil were taken during the initial site visit for soils analysis. During the second 
site visit on the 11th July 2017 three boreholes were advanced to enable the installation of 
ground gas monitoring equipment.   

During both site visits, the site was accessed from North West Arch via a track into the north 
of the site or via direct access to the southern areas. The topography of the site was 
generally flat with hummocky areas, particularly those that had been recently disturbed by 
logging. A number of tracks were noted to crisscross the site presumably used to move 
logging equipment around the site. 

The northern part of the site was primarily unused scrubland covered in grass and other 
vegetation. However there were a number of mature trees dotted across the site these 
increased in density towards the south. In areas of mature pine trees to the south and 
immediately north of North West Arch logging activities had been taking place. These 
sections of the site were only accessible in areas that were not blocked by felled trees.  

During both of the site inspections there were no obvious visual or olfactory signs of 
contamination noted, nor were there any signs of vegetation dieback.  

Topsoil encountered on the site was noted to typically comprise a non-cohesive silty sand 
with abundant sub rounded to rounded gravel and cobbles.  

2.6. Ground Gas Monitoring 

Given the presence of a historic landfill which has a known history of uncontrolled filling, no 
distinct liner and no environmental control (source ECAN); combined with the granular 
geology directly below the site and a potentially shallow groundwater table, there is a 
realistic potential for ground gas generation and migration away from the landfill.  

Landfill ground gases such as methane, carbon dioxide, oxygen, carbon monoxide and 
hydrogen sulphide can all be considered potentially harmful to human health if encountered 
within confined spaces or buildings.  

As such in order to fully assess perceived risks to human health a preliminary ground gas 
monitoring programme has been completed. 

Monitoring of ground gases has been undertaken at the three borehole monitoring wells 
(BH1, BH2 and BH3) during three return visits to the site. 

Methane, carbon dioxide, oxygen, carbon monoxide and hydrogen sulphide concentrations 
were measured using a calibrated GA5000 Gas Analyser, with gas flow rates also being 
recorded. 

The results of the ground gas monitoring are presented as Appendix H. 
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3. Proposed Development 
The Client proposes to develop a number of subdivisions across the 29.49 ha site with a minimum lot 
size of 0.064ha and a maximum lot size of 0.45 ha. Along with the residential sections, road and 
reserve areas are proposed as part of the development along with one undeveloped area in the 
southern part of the site. This undeveloped area will incorporate the full extent of Twizel Landfill. 

It is understood that resource consent is being sought for these subdivisions. The proposed 
development plan is attached within Appendix D. 
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4. Conceptual Site Model 
This section of the report relates to the assessment of contamination arising from the previous and 
current site conditions, both on and off the site that may impact on the proposed subdivision and land 
use change.  

4.1. Source-Pathway-Receptor Assessment 

4.1.1. Potential Sources of Contamination 

Potential of sources of contamination on the site are likely as a result of historical landfill 
activities in the south of the site. As such potential contaminants of concern associated with 
these sources are likely to include: 

 Ground gas in groundwater or soil; and 

 Heavy metals including arsenic in soil. 

4.1.2. Pathways 

Plausible pathways such as inhalation, dermal contact, ingestion, leaching, and migration of 
contaminated groundwater, migration of ground gases and hazardous vapours as well as 
aggressive attack on construction materials have all been considered as part of the 
development of the conceptual site model for this site. 

The most plausible pathways for contaminant migration associated with this site are 
therefore considered to be: 

 Inhalation of contaminated dust; 

 Dermal Contact with contaminated soils/water;  

 Ingestion of contaminated material or food; and 

 Leaching or migrating of contaminants through the soil matrix and groundwater.  

 Asphyxiant and explosive hazards due to the build-up of ground gases or vapours 

4.1.3. Potential Receptors 

Considering the environmental setting of the site and the potential sources of contamination, 
the most sensitive receptors on the site have been identified as being end-users of the site 
such as future occupiers and residents (via direct contact with contaminated soils and direct 
ingestion pathways) and construction workers (via direct contact, ingestion and inhalation of 
dusts created during ground works). 

Environmental receptors include groundwater and surface water.  These have been taken 
into account when undertaking the preliminary risk assessment for the site, although are not 
the focus within the requirements for assessment of the National Environmental Standards 
(NES) in terms of risk to human health from soil borne contamination. 

4.2. Preliminary Risk Assessment 

For sensitive receptors to be at risk from identified sources of contamination a plausible 
linkage or pathway must exist. The site is known to host the ‘piece of land’ associated with 
the Twizel Landfill, as such there is an associated potential for ground gas generation and 
subsequent migration. If ground gases were to build-up in significant concentrations they can 
potentially result in asphyxiation of end users. In a potential worst case scenario, ground 
gasses can result in an explosion. 

In order to further quantify the potential risks posed from the Twizel Landfill a DSI was 
carried out as detailed further on in this report.  

A preliminary ground gas monitoring regime was undertaken in order to provide an overview 
of the potential for ground gas migration associated with the Landfill. The monitoring points 
were installed within the closest of the development platforms in the subdivision areas, 
where ground disturbance would more likely than not occur.  



 
NW ARCH, TWIZEL: DSI REPORT 

 

www.opus.co.nz ©OPUS INTERNATIONAL CONSULTANTS | AUGUST 2017 PAGE 12 OF 68 

 

4.3. Source-Pathway-Receptor Linkages  

Using the data obtained from various sources and brought together within this report, a 
conceptual site model (CSM) has been derived and is presented in Figure 5. 

 

 
Figure 5: Conceptual Site Model 
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5. Detailed Site Investigation 

5.1. Investigation Design Strategy 

A Detailed Site Investigation programme was undertaken on 6th July 2017, supervised by an 
Opus SQEP. Soil samples were taken from near surface to depths of up to 300mm. Sample 
locations were determined by the SQEP, and located randomly within a grid basis to cover 
all areas of the site.  On 11th July 2017 three rotary boreholes (designated BH1 to BH3) 
were advanced to facilitate ground gas monitoring.  

All exploratory holes and samplings were advanced and completed by approved 
subcontractors under the direct supervision of Opus in accordance with the CLMG. 
Exploratory hole logs are included within Appendix E  

The location of samples taken was determined on site by the SQEP using a judgemental 
sampling programme taking into account the initial findings of the PSI searches and an 
assessment of the site at the time of the visit.  A plan showing the soil sampling locations is 
presented in Appendix F. 

Sampling of the soils was undertaken using industry standard methods and protocols to 
avoid cross contamination of the samples; including but not restricted to the use of clean 
gloves for each sample taken, decontamination of the stainless steel trowel using 
appropriate wash down and drying between samples and the use of appropriate sample 
containers supplied by Hill Laboratories, individually labelled and cross referenced using 
chain of custody documentation.  Soils were stored in a chilled cool box prior to dispatch to 
the laboratories the next day. 

The boreholes were advanced by McNeil Drilling on Tuesday 11th July 2017 using a Rotary 
Openhole Rig and were advanced to depths of 10m begl in BH2 and 5.00m begl in BH1 and 
BH3.  On completion, all three of the boreholes were installed with a monitoring well 
comprising a 50mm HDPE plain pipe in a bentonite seal from existing ground level to 1.50m 
begl and 50mm HDPE slotted pipe in a gravel surround from 1.50m begl to 10.00m or 5.00m 
begl respectively.  The wells were fitted with a stopcock and a flush lockable cover at ground 
level to provide protection.  Installation details are provided within the borehole logs in 
appendix E 

A total of seventeen soil samples were collected from hand dug pits on the site and 
scheduled for laboratory analysis by the SQEP.  Chemical analyses initially undertaken were 
as follows: 

 Heavy metals with mercury.  

The results of analytical testing are presented in Appendix G. 

Gas monitoring has been undertaken at the three monitoring wells during three return visits 
to site.  

Methane, carbon dioxide, oxygen, carbon monoxide and hydrogen sulphide concentrations 
were all measured using a calibrated GA5000 Gas Analyser, with atmospheric pressure and 
gas flow rates also recorded.   

The results of the ground gas monitoring are presented as Appendix H. 

5.2. Ground Conditions 

Generally the encountered subsurface strata corroborated the GNS Geology Web Mapping. 
A summary of the strata encountered in the exploratory holes is as follows. 

5.2.1. Topsoil 

Topsoil was encountered in all exploratory holes from ground level to 0.10m bgl and 
generally comprised a brown loamy sand with occasional fine to coarse gravels and organic 
debris. 

5.2.2. Mount John Formation  

The Mt John Formation was encountered underlying the topsoil in all exploratory holes from 
0.10m to a maximum depth of 10.70m bgl. From 0.10m to between 4.10m and 4.20m bgl the 
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general composition was poorly graded, light brown, clayey fine to coarse gravel with 
frequent tree roots. Below this depth the strata became sandy and tree roots were no longer 
encountered. 

5.3. Field Quality Assurance and Quality Control 

Sampling of near surface soils was completed on 6th July 2017. Weather conditions were 
sunny and dry with frozen ground. 

Samples were collected in laboratory supplied clean plastic pots and sent to Hill Laboratories 
via courier for heavy metals analysis.  

Decontamination of equipment was completed between the sample locations.  Soil samples 
for laboratory analysis were collected using a hand trowel whilst wearing protective 
disposable gloves.  Gloves were then changed between sample sites and the trowel was 
brushed and washed between each sample location. 

Chain of Custody (CoC) forms from Hill Laboratories were requested for receipt of the 
samples and are presented with the results in Appendix G. 

The location of samples taken are detailed in the sample location plan in Appendix F. 

5.4. Laboratory QA/QC 

The Hill Laboratory Analysis report has been appended for perusal in Appendix G.  This 
includes the analytical methods used by the laboratory and the laboratory accreditation for 
analytical methods used.   

All Laboratory Analysis was completed through Hill Laboratories. Hill Laboratories are 
accredited by International Accreditation New Zealand (IANZ), which represents New 
Zealand in the International Laboratory Accreditation Cooperation (ILAC).  Through the ILAC 
Mutual Recognition Arrangement (ILAC-MRA) this accreditation is internationally recognised. 

5.5. QA/QC Data Evaluation 

Table 2: QA/QC Data Evaluation 

EVALUATION OF ALL FIELD AND LABORATORY QA/QC INFORMATION  

Documentation and data completeness  Refer to sections 6.1 and 6.2. 

Data representativeness  Refer to section 6 and 6.1. 

Precision and accuracy of sampling and analysis for each 
analyte in each environmental matrix informing data users of 
the reliability, unreliability or qualitative value of the data.  

Refer to sections 6.1 and 6.2 

Data comparability checks  

Collection and analysis of samples by different personnel  N/A 

Collection and analysis by the same personnel using the 
same methods but at different times 

N/A 

Use of different sampling or analytical methodologies from 
those stipulated in the guideline documents  

N/A  

Spatial and temporal changes  N/A 
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6. Basis for Guideline Values 

For contaminated site assessments the hierarchy of reference documents containing guidelines for 
soils and waters, the MfE Contaminated Land Management Guidelines No 2 (November 2003) is 
referred to. 

The proposed development comprises residential land use.    

The primary human health receptors have been determined to be construction workers and end-users 
of the site.  As such the appropriate end-use of residential (10% produce) is proposed for assessment 
purposes to take in to consideration potential regular contact with soils on the site by end-users, as 
highlighted in Table 3. 

Table 3: Land Use Scenario 

 

Results from these screening analyses have initially been compared against soil guideline values 
(SGVs) from the National Environmental Standards (NES) Appendix B: Soil Contaminant Standards.  
Where no New Zealand Standards were available or more detailed guideline values were required 
contaminants concentrations have been assessed using the appropriate guidelines within the MfE 
Environmental Guideline Value (EGV) Database and are specified in the assessment results (see 
arsenic SGV reassessment below).  SGVs for inorganic contaminants used in this assessment are 
outlined in Table 4. 
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Table 4: NES ’Soil Contaminants Standards for health (SCS (health)) for inorganic compounds 

 

Although not a requirement of the NES environmental receptors have also been considered and as 
such environmental soil contaminants standards within the EGV database have also been considered 
as part of this assessment.  

6.1. Disposal Criteria 

In addition to assessing the human health risks and environmental risks associated with the 
development and end use of the site, an assessment of off-site disposal options for any 
excess spoil generated during site development works has been conducted.  Depending 
upon the contamination condition of the spoil off-site options range from disposal to ‘cleanfill’ 
sites (lowest cost) through managed sites to licensed hazardous waste landfills (highest 
cost). 

A disposal to a ‘cleanfill’ site represents the most cost effective off-site disposal option, the 
results have been compared to the MfE definition of “cleanfill”.  The publication “A guide to 
the Management of Clean Fills” (MfE 2002) defines clean fill as: 

“Material that when buried will have no adverse effect on people or the environment.  Clean-
fill material includes virgin natural materials such as clay, soil and rock, and other inert 
materials such as concrete or brick that are free of: 

 Combustible, putrescible, degradable or leachable components; 

 Hazardous substances; 

 Products or materials derived from hazardous waste treatment, hazardous waste 

stabilisation or hazardous waste disposal practices; 

 Materials that may present a risk to human health or animal health such as medial and 

veterinary waste.  Asbestos or radioactive substances; and 

 Liquid waste.” 

The requirement for the material to be ‘free’ of ‘hazardous substances’ effectively requires 
the concentrations of non-naturally occurring compounds to be the level of analytical 
detection.  In terms of naturally occurring compounds it is generally recognised that clean-fill 
acceptance criteria are defined by the background concentrations of these compounds in the 
relevant local or regional environment. 

To provide an indication of disposal options, comparison of the results against the Landfill 
Acceptance Criteria has also been made to assist with determining where any excess 
material may be disposed 
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Table 4: Extract of Appendix A of the Hazardous Waste Guidelines – Landfill Waste 
Acceptance Criteria for Class A and B Landfills (Refer to full document for footnotes) 

 CLASS A LANDFILLS CLASS B LANDFILLS 

Screening 
Citeria (mg/kg) 

Concentration 
in Leachate 
(mg/L) 

Screening 
Citeria (mg/kg) 

Concentration 
in Leachate 
(mg/L) 

Arsenic 100 5 10 0.5 

Boron 400 20 40 2 

Cadmium 20 1 2 0.1 

Chromium (IV) 100 5 10 0.5 

Copper 100 5 10 0.5 

Lead 100 5 10 0.5 

Mercury 4 0.2 0.4 0.02 

6.2. Results of Chemical Laboratory Analysis 

The results of the chemical laboratory analysis were initially compared against the NES Soil 
Contaminant Standards for Health (SCS (health)). The proposed development was assessed 
for a rural residential land use scenario with 25% produce consumption. Other metals 
analysed were compared to appropriate soil guideline values which are referenced within the 
summary table. 

NES Heavy Metals 

Laboratory results indicated that none of the analysed soil samples for heavy metals 
exceeded their relevant soil guideline value for NES SCS (health) for a rural residential land–
use with 25% produce consumption.  

The chemical laboratory results are presented in Appendix G and summarised in Table 5 
overleaf.  
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Table 5: Summary of Metals and Pesticide Results 
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6.3. Ground Gas Monitoring Results 

Gas monitoring results have been compared to guidance presented in Construction Industry 
Research and Information Association (CIRIA) Report C665, Assessing Risks Posed by 
Hazardous Ground Gases to Buildings, 2007.  CIRIA C665 indicates that ground gas 
protection measures may be necessary in new buildings on sites where methane 
concentrations exceed a threshold value of 1% v/v and/or where carbon dioxide 
concentrations exceed a threshold value of 5% v/v.  The gas flow rate is also considered in 
the required level of protection. 

Maximum methane (CH4) and carbon dioxide (CO2) concentrations, as percentage volume in 
air (%v/v), minimum oxygen (O2) concentrations (%v/v), maximum carbon monoxide (CO) 
and hydrogen sulphide (H2S) concentrations, in parts per million (ppm), and gas flow rates in 
litres per hour (l/hr) were monitored in all boreholes over a total of three visits between the 
11th and 28th July 2017. 

The results of the gas monitoring visits are presented in Appendix H and are summarised as 
follows: 

 Carbon dioxide has been recorded in all three wells at concentrations between 
<0.1% v/v and 0.8% v/v. 

 Methane has been recorded in all three wells at concentrations up to 0.1% v/v  

 Carbon Monoxide has been recorded in all four wells at concentrations between 
<1ppm and 4ppm. 

 Hydrogen Sulphide has not been recorded above the instrument’s detection limit of 
<1ppm. 

 Oxygen levels ranged between 16.6% v/v and 20.7% v/v. 

 No gas flow was recorded above 0.1 l/hr.  

6.4. Waste Disposal of Soils 

At this time it is envisaged that no soils will be disposed of off-site for development of the 
sections. 

For any soil which is to be disposed of off-site, reference to the MfE Hazardous Waste 
Guidelines should be made.  When compared to the applicable Canterbury Background 
Contamination Levels it is evident that all of the samples tested are above this threshold and 
as such soils originating from the site will not be able to be disposed of as cleanfill. In 
addition as some concentrations of metals which are elevated above relevant landfill 
acceptance (B) criteria, there may be a requirement to undertake additional TCLP analysis of 
the soils to determine the leaching potential of metals within the soils. 

6.5. Revised Risk Assessment 

6.5.1. Soils 

Chemical analysis results have revealed no elevated concentrations of heavy metals above 
their respective SCS (health) within the near surface soil sampled. It is therefore considered 
highly unlikely that there is a risk to human health associated with identified of contaminants 
of concern on the site. 

6.5.2. Gases 

Preliminary gas monitoring results indicate the ground gas potential for the site and 
surrounding area is considered to be of low risk to human health. 

The three monitoring visits carried out to date have recorded a maximum carbon dioxide 
concentration of 0.8% v/v (BH1) and a 0.1% v/v detectable concentration of methane.  

The maximum carbon dioxide concentration of 0.8% v/v and a maximum gas flow rate of 
0.10l/hr (limit of detection) have been selected to calculate an initial Gas Screening Values 
(GSV) for the site in accordance with CIRIA Report C665 and BS8485:2015 to determine the 
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required level of carbon dioxide protection measures for the proposed future site 
development.     The GSV is calculated as follows: 

GSV = Gas Concentration/100 × Flow Rate 

The GSV for carbon dioxide (0.0008) classifies the site as Very Low Risk, as such no further 
actions are required for the current proposed subdivision and land use change. 
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7. Conclusions and Recommendations 
The conceptual site model and human health risk assessment presented herein is based upon 
information gained from a site inspection, anecdotal evidence, information gained from MDC, ECAN 
and other sources together with an assessment of  ground conditions using data from detailed soil 
sampling, gas monitoring and chemical analyses, as per the requirements of CLMG and the NES. 

Although HAIL activities are noted to have been undertaken on as part of the site, results of the 
completed chemical analyses indicate that heavy metals concentrations are present at levels below 
accepted and published SCS (health) for a rural residential end use across the site. It is therefore 
considered highly unlikely that there is a risk to human health associated with identified of 
contaminants of concern on the site. 

The outcome of the ground gas monitoring regime shows that the area of the site proposed for a land 
use change post subdivision is at a very low risk with respect to gas migration from identified sources 
and that the site should be considered suitable for development.  

As such, it is considered highly unlikely that there is a risk to human health should the proposed 
subdivision, land use change and associated ground disturbance be undertaken. 

Should any further subdivision or land use change occur in the vicinity of the Historic Twizel Landfill 
site area, then further assessment of the residual risks to human health should be undertaken; 
particularly with respect to any ground disturbance on areas considered to be HAIL. The area of the 
site considered to be HAIL is identified on the Site Layout Plan in Appendix B as the piece of land. 

7.1. Recommendations 

Based on the results of this Detailed Site Investigation, Opus recommends that: 

 With the exception of the area in the direct vicinity of the Twizel Landfill (the piece of 
land), the site is suitable for rural residential development as soil contamination does not 
exceed the relevant stated applicable standards; 

 Should any ground conditions be encountered across the site which are not anticipated 

from the findings of this report a Suitably Qualified and Experienced Practitioner (SQEP) 

should be consulted in order to reassess the risks to human health;  

 This Detailed Site Investigation report is submitted to the consenting authority; and 

 This Detailed Site Investigation report is submitted to the regional authority (ECAN) in 
order to facilitate updating the HAIL database.  
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8. Applicability and Limitations 
This report has been prepared for the benefit of the client, Payne Developments with respect to the 
particular brief given to us and it may not be relied upon in other contexts or for any other purpose 
without our review or agreement. 

This report has been prepared for a specific purpose, as agreed between Opus and the client. A 
tailored scope of works has been used to achieve the objectives and the report should therefore not 
be used for different objectives. 

This report has been prepared by Opus with all reasonable skill and care within the terms of the 
contract with the client, and taking account of the information made available by the client. The 
findings and opinions conveyed via this report are based on information obtained from a variety of 
sources, as detailed, which Opus believes are reliable. Nevertheless, Opus cannot and does not 
guarantee the authenticity or reliability of any information supplied by other parties. 

The characterisation of site conditions is an interpretation of information collected during assessment, 
in accordance with industry best practice. Due to the inherent variation in spatial and temporal 
patterns of contamination, the interpretation of site conditions at the specific locations investigated is 
not a complete description of all material at the site. Whilst this report may express an opinion on the 
possible configuration of strata or contaminants between or beyond exploratory hole positions or in the 
possible presence of features based on either visual, verbal or published evidence, this is for guidance 
only and no liability can be accepted for its accuracy. Should further data be obtained that differs from 
that presented in this report, then conclusions and recommendations may no longer be valid. 

This report is valid at the date of release. The condition of the site may change with time so that the 
results and interpretation are no longer valid. In addition, guidelines and legislation may change, 
making assessment of results and recommendations invalid. 

It is a requirement of ECAN that a copy of this report is supplied to them in order to maintain an 
updated database of HAIL activities and site investigations. It is the client’s responsibility to ensure 
that a copy of this report is submitted to ECAN accordingly.  
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1980 Aerial Photo 

Approximate 
site boundary 
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Approximate 
site boundary 

2006 Aerial Photo 
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2011 Aerial Photo 

Approximate 
site boundary 
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2016 Aerial Photo 

Approximate 
site boundary 



 

 

Appendix B – Site Layout Plan 

 



 
NW ARCH, TWIZEL: DSI REPORT 

 

www.opus.co.nz ©OPUS INTERNATIONAL CONSULTANTS | JULY 2017 PAGE 38 OF 68 

 



 

 

Appendix C – Site Photographs 
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View north-west along eastern northern edge of NW Arch, remains of logging evident. 

 

View south east along eastern northern edge of NW Arch 
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Northern part of the site view west. 

 

Western portion of the site, looking north towards the existing residential developments. 
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View south from the northern part of the site. 

 

View north from western portion of site 
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Southern portion of the site, view south. 
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Looking south along path created by logging. 
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Southern section of the site looking towards the historic landfill. 
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Access track between the southern boundary of the development and the historic landfill looking east. 
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Old wash station within the boundary of the historic landfill. 
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Within the historic landfill, looking south. Waste is evident at the surface. 

 



 

 

Appendix D – Proposed 
Development Plan 
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Appendix E – Exploratory Hole 
Logs 
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Appendix F – Sample Location 
Plan 
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Appendix G – Hill Laboratory CoC 
and Results of Soils Analysis 
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Appendix H – Ground Gas 
Monitoring Results 
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