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Acronym Meaning 

amsl Above mean sea level 

AST Above ground storage tank 

BDC Buller District Council 

bgl below ground level 

bmsl Below mean sea level 

CSM Conceptual site model 

DSI Detailed site investigation 

ha Hectare 

HAIL Hazardous Activities and Industries List 

HNZL Holcim (New Zealand) Limited 

IBC Intermediate bulk container 

km Kilometre 

L Litre 

LOR Limit of reporting 

m Metre 

MfE Ministry for the Environment 

NAPL Non-aqueous phase liquids 

NES National Environmental Standard (soil) 

PAH Polycyclic aromatic hydrocarbons 

PCB Polychlorinated biphenyls 

PID Photo-ionisation detector 

PSI Preliminary site investigation 

PVC Polyvinyl chloride 

SCS Soil contaminant standard 

SGV Soil guideline value 

SVOC Semi-volatile organic compounds 

TPH Total petroleum hydrocarbons 

USEPA United States Environmental Protection Agency 

UST Underground storage tank 

VOC Volatile organic compounds 

WCRC West Coast Regional Council 
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1.0 INTRODUCTION 

1.1 Purpose  

Holcim (New Zealand) Limited (HNZL) has moved away from local cement manufacturing to importing cement 

for the New Zealand market.  The Tauranga Bay limestone quarry (the Quarry) at Cape Foulwind formed part 

of HNZL’s cement production on the west coast, but the Quarry has now ceased operations and the quarry 

pits are filling with groundwater and stormwater.  

Given the cessation of cement production on the west coast, HNZL is planning to divest the Quarry.  However, 

as a precursor to divestment, HNZL wish to understand the condition of the Quarry with respect to land 

contamination.  HLNZ commissioned Golder Associates (NZ) Limited1 (Golder) to undertake a review of 

historical land use activities and prepare this Preliminary Site Investigation (PSI) report.   

This PSI report also includes the results of a limited soil sampling programme to characterise potential soil 

contamination identified during the site inspection undertaken as part of this PSI. 

HNLZ has indicated that the Quarry will remain zoned as cement production zone (essentially industrial) land 

for the purposes of this PSI. 

 

1.2 Background 

The Quarry commenced operations in the 1950s and was operated by Milburn New Zealand Limited (formerly 

New Zealand Cement Holdings Ltd).  Since the 1990s, HNZL has owned and operated the Quarry to support 

cement production at the Westport Cement Works.  

Quarrying activities initially commenced in “G” quarry, in the northern part of the Quarry site and later moved 

into a larger open cut pit to the south, known as the Main (“M”) quarry.  As part of the quarrying operations, 

groundwater abstraction (dewatering) was undertaken.  Quarrying ceased in May 2016 and the dewatering 

pumps were switched off.  When the dewatering pumps were switched off, the quarry pits started to fill with 

groundwater. 

The Quarry is understood to have been operationally self-sufficient, which required the following 

facilities/processes: 

 Vehicle and equipment refuelling.  

 Mechanical maintenance. 

 Rock processing (crushing/screening). 

 Processed rock storage. 

 Explosive storage. 

 Waste disposal. 

 Administration. 

 Power supply. 

 

                                                   

1 Golder undertook the PSI in accordance with our proposal (P1779210-001-P-Rev0-PSI_DSI) dated 5 May 2017 and the short form agreement for consultant engagement (including 
variations) between HNZL and Golder for the Westport Cement Works DSI dated 11 January 2016. 
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1.3 Scope of Work 

The scope of work undertaken to support this PSI is summarised below:  

 Review of property files held by Buller District Council (BDC). 

 Review of any information held by the West Coast Regional Council (WCRC), including consents and 

consent monitoring requirements. 

 Review of relevant information held by HNZL, including aerial images. 

 Review of available and relevant technical reports prepared for the Quarry. 

 Undertake a site walkover, including discussions with HNZL staff on site and limited targeted soil 

sampling. 

 Preparation of a PSI report.  

This report has been prepared in accordance (where relevant) with the Ministry for the Environment (MfE 

2011a) Contaminated Land Management Guideline No. 1: Reporting on Contaminated Sites in New Zealand.  

This report complies with Regulation 3 of the Resource Management (National Environmental Standard for 

Assessing and Managing Contaminants in Soil to Protect Human Health) Regulations 2011 (NES) and has 

been written and reviewed by persons considered to be suitably qualified and experienced practitioners, see 

Record of Review in Appendix A.  

 

 

2.0 SITE SETTING 

2.1 Site Description  

The Quarry is located to the south-west of the Cement Works, at the end of Limestone Road, Cape Foulwind 

(accessed from Tauranga Bay Road, some 8 kilometres (km) to the west of Westport).  The Quarry comprises 

an area of approximately 120 hectares (ha) and its boundary is shown on Figure 1.  The main quarry pit is 

located approximately 0.5 km (at its closest) from the Tauranga Bay coastline. 

The Quarry is zoned as a ‘Cement Production Zone’.  The legal description of the Quarry is defined by the 

following land parcels: 

 Pt Sec 3 Blk 1 (SO 2827). 

 Pt 5 Blk 1 (DP 4458). 

 Pt Sec 5 Blk 1 (SO 2829). 

 Lots 1, 2 and 3 (DP 51). 

 Lots 1, 2 and 3 (DP 5455). 

 Lots 1 and 3 (DP 2078). 

 Pt Sec 3 Blk 1 (SO 2827). 

 Sec 41 Blk 111 (SO 11713). 

 Pt Sec 15 Square 142 (SO 3431). 

 Sec 9 Square 142 (SO 2829). 
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 Pt Sec 12 Square 142 (SO 3431). 

 Pt Sec 16 Blk (SO 6263). 

 Pt Sec 9 and Sec 10 Blk III (SO 2831). 

 Pt Sec 7 Blk III (SO 2831). 

The Quarry comprises two main pits and various settling ponds, buildings, material stockpiles and quarrying 

infrastructure.  The layout of the Quarry is described in Section 5.0. 

 

2.2 Physical Setting 

2.2.1 General 

The Quarry is surrounded by farmland (mainly pasture) and areas of regenerating native bush.  The 

topography of the general area in the vicinity of the Quarry is defined by uplifted marine terraces and coastal 

dunes dissected by small streams and gullies which drain into Tauranga Bay.  The Quarry land surface sits 

around 40 metres (m) above mean sea level (amsl) and drops off sharply (via cliffs) into Tauranga Bay to the 

west.  

The vegetation on and surrounding the Quarry has been heavily modified to form pasture and scrub.  

Annual rainfall at Westport Airport (6 km to the north of the Quarry) is approximately 2,100 millimetres (mm), 

spread fairly evenly throughout the year. 

2.2.2 Geology 

A review of published geological maps for Cape Foulwind (Nathan et al. 2002) indicates that the Quarry is 

predominantly underlain by the Undifferentiated Nile Group Limestone (a high grade algal limestone) 

consisting of marine sedimentary limestone and calcareous mudstone (known also as marl).  The limestones 

are overlain by beach, dune and lagoonal deposits of the last inter-glacial period (Oturi), which form part of the 

Waites Formation. 

The north-western portion of the Quarry, which is largely undeveloped, is underlain by Foulwind Granite, 

which is a felsic intrusive basement rock common to the west coast of New Zealand. 

Previous investigations at the Westport Cement Works, documented in the Cement Works PSI (Golder 2016b) 

have found the Waites Formation to comprise an interbedded sequence of predominantly sand with silt and 

clay layers; the sequence has considerable lateral and vertical heterogeneity.  In the vicinity of the Cement 

Works, the Waites Formation is between 4 m and 16 m thick.  Beneath the Waites Formation is a sandy clay 

unit termed the ‘Blue Bottom Clay’. 

The sand deposits in the Cape Foulwind area are understood to be rich in ilmenite (an iron mineral) and 

leaching and subsequent re-deposition of iron has resulted in the formation of extensive iron pans within the 

soil profile.  Iron pans are characterised by layers of relatively low permeability that restrict the vertical 

movement of groundwater resulting in the formation of boggy or marshy soils (referred to as Pakahi).  Iron pan 

layers are often broken up and re-worked by landowners to improve drainage (Golder 2016b). 

2.2.3 Surface water 

Based on a review of the Topographic Maps of New Zealand (LINZ 2017), there does not appear to be any 

surface water discharge into the Quarry.  However, streams exist to the north (Williams Gully) and south 

(Walls Creek, also named Limestone Creek) of the Quarry, both of which discharge to Tauranga Bay.  The 

Quarry is essentially located in the catchment divide of the Williams Gully and Walls Creeks. 

Storm water in the quarry is collected from several areas and is currently directed into M Quarry.  
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2.2.4 Groundwater 

Before the quarrying commenced, the interbedded sands, silts and clays would have formed an unconfined 

aquifer system, with groundwater flow controlled by the occurrence and continuity of the more permeable 

sandy units.  The presence of silt and clay layers and iron pans at various levels within the vertical sequence 

would have resulted in the formation of perched water tables and some confinement of deeper sand units.  It 

is likely that unconfined groundwater would have discharged (to some extent) into the Williams Gully and 

Walls Creeks. 

Pre-quarrying, groundwater within the bedrock would have likely flowed towards the ocean to the west. 

However, during operation of the Quarry, the quarry pits (which extended below the water table) were 

dewatered.  Abstraction of groundwater from around the quarry pits would have affected groundwater 

gradients in the vicinity of the quarry, essentially drawing groundwater from the surrounding area towards the 

void formed by the quarry.  The details of the dewatering and the associated infrastructure are unknown. 

The dewatering (groundwater abstraction) is understood to have ceased in May 2016, around the time 

quarrying activities came to an end.  The quarry pits are now filling with groundwater and this will continue 

until pit water levels equalise with surrounding groundwater levels.  No borehole logs containing groundwater 

level data for the Quarry were sighted by Golder during the preparation of this report.  

Given the proximity of the Quarry to the Tasman Sea and the 50 year dewatering timeframe, it is unlikely that 

abstraction of groundwater for potable supply would be occurring down hydraulic gradient of the Quarry.  No 

evidence for such groundwater abstraction was discovered during the information review. 

3.0 SITE OPERATIONS 

3.1 General 

The Quarry commenced operation in 1957 initially starting in the “G” Quarry.  However, the “G” quarry was 

abandoned because the limestone was too dark for use in cement production and operations moved to a new 

“M” quarry to the south; the relative locations of the “G” and “M” quarries are shown on Figure 2.  The “M” 

quarry floor is approximately 24 m below mean sea level (bmsl) (Golder 2016a).  

Limited information on quarrying operations has been discovered during the information review.  However, 

based on conversations with HNZL staff and observations during the site walkover (see Sections 4 and 5), 

explosives were used to blast and extract rock.  The rock was then recovered using mobile plant and 

transported to the crusher for processing prior to transport to the Cement Works. 

The Quarry operations were supported by various infrastructure such as refuelling areas, workshops, and 

power supply. 

3.2 Post Closure Discussion 

Quarrying ceased in May 2016 and the dewatering pumps were switched off.  At the time of writing this report, 

groundwater was still discharging into the “M” and “G” pits and this would continue until pit water levels 

equilibrate with surrounding groundwater levels, projected to be five years from cessation of dewatering 

(Golder 2016a). 
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While some of the land surrounding the Quarry has been rehabilitated with native bush, at the time this report 

was written the full details of the rehabilitation of the Quarry, including the fate of the remaining equipment and 

plant were unknown.  The Quarry is zoned as ‘Cement Production Zone’ in the Buller District Plan. 
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4.0 INFORMATION REVIEW 

4.1 HNZL Information 

4.1.1 Overview 

The review of HNZL information included the information provided to Golder in 2016 (for assessment of the 

Cement Works Plant and various Buffer Land sites), and information provided as part of this PSI. 

4.1.2 Landfilling activities 

A resource consent application (prepared by Milburn (NZ) Ltd) dated 2009, for retrospective landfilling 

activities at the Quarry and a subsequent WCRC Resource Consent (RC09061) was identified.  The location 

of the ‘landfill’ (the Quarry Landfill) is shown on Figure 2. 

The consent application was to discharge the following materials to land at the Quarry: 

 Road sweepings from the Cement Works. 

 Storm water pond sediment (dewatered sludge) from the Cement Works storm water treatment ponds. 

 Spent kiln brick liners. 

 Clinker (burnt lime) and waste material from the Cement Works. 

An assessment of environmental effects from the discharge of waste to land was undertaken within the 

consent application.  The key mitigation of effects from the discharge are summarised below: 

 The site was deemed a suitable waste disposal area on the basis that the cited location for filling is 

actively used for quarrying activities. 

 Upon cessation of landfilling activities (the discharge), HNZL intend to cap the landfill with overburden to 

limit water infiltration through the waste (at the time of writing this report, the landfill had not been capped 

as it was still in use).  

 The Quarry site is located within the Cement Production Zone in the BDC District Plan. 

 The site of the landfilling is located on the coast and, if contamination of groundwater occurs, there is no 

down hydraulic gradient user of the groundwater. 

The waste material was tested for leachable metals using a Synthetic Precipitation Leaching Procedure 

(SPLP) and the results generally indicated that leachable metals were within the adopted ANZECC 2000 

water quality and aquatic ecosystem protection guidelines.   

In 2009, WCRC granted consent (Consent No: RC09061/1) for the discharge of solid waste, that may contain 

contaminants, to land.  Under this Consent, HNZL is required to collect surface water samples from Limestone 

Creek and Williams Gully every six months (a plan showing the monitoring locations is provided in the 

Resource Consent document in Appendix B).  Water samples are required to be tested for total 

concentrations of arsenic, cadmium, chromium, copper, lead, thallium and zinc.  Discharge from the landfill 

must not result in an increase in the ‘background’ total concentrations of the metals tested within the creeks.  

The compliance monitoring data has not been reviewed during this PSI. 

The resource consent is included in Appendix B. 

4.1.3 Dangerous goods licence 

A dangerous goods licence renewal (not dated but assumed to be from 2004 based on the required renewal 

date) indicates the presence of the following dangerous goods: 

 40,000 litre (L) diesel underground storage tank (UST), emptied and awaiting removal. 
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 40,000 L diesel above ground storage tank (AST), in use and replacing the UST. 

 1,400 L and 650 L diesel mobile tanks (assumed by Golder to be above ground). 

 Maximum of 60,000 kilograms (kg) of ammonium nitrate (used to manufacture explosives). 

The renewal document is reproduced in Appendix B. 

 

4.2 Historical Aerial Photographs 

A review of historical aerial photographs was undertaken and the observations are summarised in Table 1.  

The images reviewed are reproduced (where available), with the Quarry site boundary and areas of interest 

superimposed, in Appendix C.  

Table 1: Historical aerial photograph review. 

Photograph Observations  

1959 – Black and 

White 

On site:  The area within the Quarry boundary appears to be mostly undisturbed, 

except for a small area in the north (at what is now the northern end of “G” quarry) 

where some ground disturbance and possible stockpiling is evident.  The Quarry 

access road has been constructed.  The following features of interest are noted on 

Figure C1 in Appendix C: 

 Features 1, 2 and 4 appear to be buildings related to quarrying operations. 

 Features 5 to 10 appear to be farm buildings or lifestyle block residences. 

Surrounding land: The surrounding land use appears to be bush and pasture. 

Tauranga Bay Road is evident traversing in a north-east – south-west direction. 

1980* – Black and 

White 

On site:  Significant development is evident within the Quarry boundary, comprising 

access roads and ground disturbance.  The following features of interest are noted on 

Figure C2 in Appendix C: 

 Feature 1 appears to be earthworks or some form of deposition. 

 Features 2 and 3 appear to be buildings related to quarrying activities (some of 

which are evident on the 1959 aerial).  HNZL staff indicated that Feature 3 is the 

explosive’s store. 

 Feature 4 appears to be buildings (which may be the early development of the 

Main Entrance). 

 Features 5 and 6 appear to be buildings related to quarrying activities which were 

not evident in the 1959 aerial. 

Surrounding land:  The surrounding land use (where visible) appears similar to that 

in the 1959 image. 

1998 – Black and 

White 

On site:  Further development and expansion of the quarry is evident comprising 

access tracks and excavations.  The settling ponds are visible in the south-west. 

Feature 1 in the 1980 image appears to have been covered over or revegetated. 

Surrounding land:  The surrounding land use appears similar to the 1980 image. 
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Photograph Observations  

2010 – Colour On site:  The “G” quarry is evident to the north and contains water.  Further 

expansion of the quarry is evident to the east and south-west. 

Surrounding land:  The surrounding land use appears similar to the 1980 image. 

Notes:  The 1980 image does not display full coverage of the Quarry. 

 

4.3 Buller District Council Property Files 

A representative from Golder visited the BDC offices in Westport on 13 June 2017 to view archived property 

files pertaining to the Quarry.  Information relating to potentially contaminating activities is summarised below 

and reproduced in Appendix D. 

 Building permits and building descriptions for a nitrate shed (1982) (inferred to be the Explosives Store), 

new substation at the crusher (1984), extension to existing garage, and conversion for existing gypsum 

hopper (1990). 

 Records indicating the presence of two 13,600 litre (L), one 40,000 L, one 6,750 L, three 35,400 L, and 

four 47,925 L diesel USTs at the Quarry.  A letter from BP Oil New Zealand Limited to BDC dated 23 

November 1992 indicated that the 6,750 L UST and the two 13,600 L USTs were to be removed.   

 

4.4 West Coast Regional Council Records 

A request was submitted to WCRC on 21 June 2017 for any information relating to potentially contaminating 

activities at the Quarry.  WCRC responded on 27 June 2017 and a summary of the relevant information is 

summarised below and reproduced in Appendix E:    

 Letter from HNZL to Trevor James (dated 7 January 2004) at WCRC stating that 16 registered property 

parcels associated with the quarry are considered to contain hazardous substances.  During review of 

the first draft of this PSI, HNZL indicated that it is unlikely that all 16 land parcels contained hazardous 

substances, and that they were likely to have been included to cover all bases. 

 Assessment of environmental effects report to support renewal of resource consent for Cape Foulwind 

Quarry storm water discharge to William’s Gully.  Report prepared by Milburn (August 1998).  The key 

points from the report are: 

 The assessment indicated storm water in the quarry is generally collected or pumped into the settling 

ponds from where it is discharged into William’s Gully Creek.  In general, the water discharge into 

William’s Gully Creek was described as a “yellow Pakihi colour”. 

 Water quality monitoring of the William’s Gully Creek at points upstream and downstream from the 

discharge location was undertaken for basic water quality parameters (pH, dissolved oxygen, 

turbidity, specific conductivity and temperature).  The results for upstream and downstream water 

quality were deemed comparable and within testing concentration ranges compared to the upstream 

water quality.  Variations in pH and turbidity were attributed to the presence of minor amounts of 

limestone sediment. 

 Overall, it was stated that few changes in water quality were detected and all parameters measured 

at the downstream monitoring points were within adopted aquatic protection limits.  
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4.5 Resource Consents 

Ten resource consents (listed in Table 2) are understood to have been issued for operations at the Quarry.  

Only one consent from Table 2 was sighted by Golder, this being the Discharge to Land Consent (RC09061) 

for the Quarry landfill.    

Table 2: List of active resource consents. 

 

  

Consent 

no. 

Authority Date of issue Term 

(years) 

Expiry date Status Description 

BDP CPZ BDC - -  -  In use. Cement Production 

Zone. 

RCN98332 WCRC 08 Dec 1998  35  08 Dec 2032 In use. Water Permit.  Quarry, 

Williams Gully. 

RCN98333 WCRC 11 Dec 1998  35  11 Dec 2032 In use. Water Permit.  Quarry, 

Limestone Creek. 

RC05008 BDC  - -  -  On hold.  

Completed. 

Drill holes for core 

sampling. 

RC07008 BDC 22 Mar 2007  -  26 Oct 2021 In use. Iron Sands Mining. 

RC07160 WCRC 03 Mar 2008  20  03 Mar 2028 No longer 

used. 

Mussel Shells.  Air 

Discharge & Land Use 

Permit. 

RC07161 WCRC 06 Nov 2007  20  20 Nov 2027 In use. Water Discharge/ 

Take/ Diversion.  

Replace WLD 840054. 

RC09061 WCRC 29 Jun 2009  25  29 Jun 2034 In use. Quarry Landfill. 

RC09057 WCRC 22 Sep 2009  20  22 Sep 2029 In use. Air Discharge Permit, 

Quarry Crusher. 

ML323234 -  -  -  10 Jun 2033 In use. Mining Licence Quarry. 
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4.6 Tauranga Bay Quarry Hydrological Investigations (Golder 2016a) 

As part of the cessation of cement production on the west coast, Golder was commissioned by HNZL to 

undertake hydrological investigations at the Quarry.  The purpose of the investigations (Golder 2016a) was to 

estimate the timeframe for groundwater levels to equilibrate within the “M” quarry following the cessation of 

dewatering, and to predict water quality within the pit.  The main findings of the investigation were: 

 Cessation of dewatering has resulted in groundwater discharge into the “M” quarry (forming a lake), 

which would be enhanced by surface run-off and rainfall events over time.  

 Groundwater discharge into the “M” quarry will flood at least the lower of the two sediment ponds 

(settling ponds) and two overflow outlets were proposed; one located to the south of the “M” quarry which 

discharges to Williams Gully; the second located to the west which discharges to Limestone Creek.   

 Equilibration of groundwater levels within the “M” quarry were calculated to be reached within 

approximately five years from the cessation of dewatering (May 2016).  Once a stable water level has 

been reached, overflow would be predominantly controlled by outlet weirs into Williams Gully and 

Limestone Creeks. 

 Water quality of the lake within “M” quarry was suitable for contact recreation purposes.  However, 

further monitoring was recommended prior to allowing public access to the lake.  

 It was considered likely that an ‘overburden dump’ at the southern end of the “M” quarry would be 

submerged by the lake, and that lake water quality could be affected. 
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5.0 SITE WALKOVER 

5.1 Overview 

A walkover of the Quarry site was conducted on 12 June 2017 by two representatives of Golder, escorted by 

Karl Clementson of HNZL.  The Quarry is accessed via a series of locked gates branching off Tauranga Bay 

Road, after the Wilsons Lead Road turn-off.  The following sections describe the observations made during 

the walkover and the location of the areas/features discussed are presented on Figure 2.  A photograph log of 

the areas visited in the site walkover is included in Appendix F.  

 

5.2 Main Entrance Area 

The Main Entrance Area is located in the north-east corner of the Quarry site at the end of the access road 

(off Tauranga Bay Road).  Based on the observations and conversations with HNZL staff, this area comprised 

the Quarry site office, maintenance operations and car parking.  The buildings/structures in this area included: 

 A refuelling area comprising a former vehicle maintenance shed (only the concrete floor slab remains) 

and USTs (now removed).  This area is considered to be the location of the two 13,600 L and one 40,000 

L USTs referred to in Section 4.3. 

 Footprint of former above ground storage tank (AST). 

 Core storage shed – no longer present. 

 A workshop/garage (black staining was observed on the concrete pad at the front of the workshop). 

 A canteen (including wash rooms). 

 Offices. 

 A transformer on a concrete pad.  

In general, the ground surface in this area generally comprised compacted hard fill.  Overburden material 

appeared to have been used to batter side slopes and a stockpile of overburden was present to the south of 

the office building.  

Laydown and waste storage (dumping ground on Figure 2) was evident in the south-east car parking area. 

Materials observed to be present included an empty open top plastic 1,000 L intermediate bulk container 

(IBC), scrap metal and wood, wooden pallets, rope, vehicle tyres, several old and rusted 40 gallon drums 

(former contents unknown), and polyvinyl chloride (PVC) piping.  Surface evidence of burning was also 

observed.  

In the north-west of the area, a series of windrows (constructed of overburden material) were used to 

demarcate car parking.  A concrete floor slab was observed beneath one of the windrows and anecdotal 

evidence from Robert Hazeldine (HNZL) indicated the slab to be the remains of a former vehicle service shed, 

which contained engine oils and lubricants for vehicle maintenance.  To the south of the former service shed, 

Mr Hazeldine indicated the presence of two former USTs (inferred to be the 13,600 L diesel tanks referenced 

above) for vehicle and plant refuelling.  The USTs were associated with refuelling infrastructure, including a 

bowser, which were no longer present.  

The area to the north-west of the main entrance was vegetated and HNZL staff indicated this land was used by 

local farmers to access their property.  Dumped vehicle tyres, scrap metal and wood were observed in the bush.  
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5.3 Processed Material Storage Area 

The Processed Material Storage Area consisted of piles of clinker and crushed limestone.  Anecdotal evidence 

from HNZL staff indicated that these materials were used to cover/maintain paths and tracks within and outside 

the Quarry.  The material was typically overgrown with weeds and shrubs.   

 

5.4 Quarry Landfill 

The Quarry Landfill comprised a stockpile of waste material containing kiln bricks, cylindrical pieces of 

concrete (inferred to be test blocks of concrete from the Cement Works), hessian bags, coal dust (clinker dust 

and stack dust inferred), mill balls, plastic, silicon, scrap metal and wood.  The waste appeared to have been 

placed on bare ground and the surface of the waste stockpile was not vegetated.  Brown coloured water had 

ponded around the base of the stockpile and surface run-off from this area appeared to drain into the settling 

pond (see Section 5.6).  

Disposal of waste materials at the Quarry Landfill is authorised by WCRC discharge consent (RC09061). 

 

5.5 The Crusher 

The crusher was located close to the edge of the “M” quarry.  The crusher comprised a series of four 

transformers with an associated switch room.  The crusher itself consisted of a metal shed-like building 

(housing two large conveyor belts, both of which extended out of the building), crushing mechanisms, pumps, 

motors, and a network of metal stairs and walkways.  The building contained a basement area, which was 

filled with water, and was not accessible.  One of the conveyor belts connected to a second structure, 

assumed to be where rocks were loaded onto the crusher.  

A circular metal structure with connected pipework was located adjacent to the crusher.  However, it is not 

known what this was used for. 

Various stockpiles of crushed limestone were present around the periphery of the crusher and a number of 

PVC pipes extended from the crusher into the “M” quarry (assumed to be for drainage purposes).  

 

5.6 Setting Pond  

Three settling ponds have historically been documented to exist at the Quarry site, however, only one settling 

pond has been in recent use.  During the site walkover, the current settling pond was observed to be split into 

three ponds due to sediment accumulation. 

The historical settling ponds (now filled in) are understood to have been located to the south-west of the “M” 

quarry.    

 

5.7 Quarry Pits  

The “G” and “M” quarries contained water and HNZL staff confirmed that water levels were continuing to rise. 

There was no visible evidence for contamination of water within the pits such as discolouration or slicks or 

sheens. 
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5.8 Explosives Storage 

Two explosives stores are known to be present at the Quarry, though they were not observed during the 

walkover as the local HNZL staff did not know where they were located.  Since the walkover was undertaken, 

local HNZL staff have located and photographed one of the explosives stores (close to the Main Entrance) 

and taken photographs.  The photographs (Appendix F) indicate that the store comprises a square building of 

concrete construction.  

Photographs of the second explosives store (located in the south-west of the Quarry) have also been provided 

by HNZL (see Appendix F).  The photographs show: 

 Two buildings (sheds) of wood and corrugated metal sheet construction which were used to store 

materials used in explosives manufacture (ammonium nitrate and diesel).  We understand from HNZL 

that the components of the explosives were mixed on site by HNZL staff. 

 Within and surrounding the sheds were pallets, cardboard boxes, polythene wrapping and bags, plastic 

drums, and corrugated metal sheets.  

 An area close to the sheds appeared to be a general waste dumping area containing timber, metal grills, 

bricks, pipes (plastic and metal), polythene sheets, and possible evidence of waste burning. 

 

5.9 Other Areas 

In general, the surface of the Quarry site comprised hard fill (including vehicle access tracks).  Evidence from 

artificial drainage channels suggests that storm water run-off from the site surface is draining predominantly 

into the “M” quarry, with some drainage from areas to the north-west draining into the settling pond.   

Immediately to the south of the Main Entrance Area, a small shed-like structure was present, which appeared 

to be a former electrical substation.  The shed was constructed of concrete panels.  Cable trenches were 

present in the concrete floor slab and redundant wiring was observed in one trench.  

In general, invasive weed species were growing across large areas of the Quarry.  HNZL staff indicated that 

pesticide spraying was used to control the spread of weeds and that the spraying was undertaken in 

conjunction with the Department of Conservation using glyphosate based sprays.   

Some areas of the Quarry (mainly in the south-west) were not accessed due to instability of access tracks and 

unfavourable weather conditions.  Review of aerial photographs (since the walkover was completed) has 

identified areas that warrant inspection.  These areas are represented as Features 1, 2, 3 and 7 on Figure C2, 

Appendix C. 

 

5.10 Petroleum Hydrocarbon Storage 

With respect to the USTs documented in Section 4.3, the information search and site walkover (including 

discussions with HNZL staff) has identified that: 

 Two 13,600 L diesel tanks, formerly located in the Main Entrance Area, have been removed.  It is not 

known if soil benchmarking was undertaken during tank removal. 

 One 40,000 L diesel tank, formerly located in the Main Entrance Area, has been removed.  It is not 

known if soil benchmarking was undertaken during tank removal. 

 One 6,750 L diesel tank (former location unknown) has been removed.  It is not known if soil 

benchmarking was undertaken during tank removal. 

 Three 35,400 L diesel tanks may be unaccounted for. 
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 Four 47,925 L diesel tanks may be unaccounted for.  

 

5.11 Site Walkover Summary  

In summary, the Quarry walkover (including information provided by HNZL) identified a variety of activities and 

processes which have the potential to cause contamination of land and/or water.  The activities are listed 

below (by area): 

Main Entrance 

 Waste burning areas 

 Former AST footprint 

 Black staining of concrete at the Workshop 

 Former USTs (1 x 40,000 L and 2 x 13,600 L) and maintenance shed associated with the refuelling area 

 Transformer 

Quarry Landfill 

 Waste disposal area 

The Crusher 

 Transformers 

 Machinery 

Settling Ponds 

 Sediment within the ponds 

Explosives Stores 

 Explosives manufacturing materials 

 Waste disposal/burning areas. 

 

 

6.0 PRELIMINARY CONCEPTUAL SITE MODEL 

6.1 Overview 

The conceptual site model (CSM) is a mechanism for identifying contaminant sources, routes of exposure and 

potentially affected receptors (both human and environmental).  The CSM needs to consider physical and 

environmental conditions at the site and the ways in which they interact to facilitate the movement and 

availability of contaminants.  The development of a CSM is an iterative process, whereby initial assumptions 

are tested and confirmed, or rejected during successive stages of data collection and/or interpretation.  

The preliminary CSM for the Quarry has been developed as follows: 

 A discussion of the physical conditions at the site that could influence the occurrence, nature and 

distribution of contaminants (Section 6.2). 

 A summary of the source-pathway-receptor relationships for identified contaminants of concern 

(Section 6.3). 
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6.2 Physical Setting 

The Quarry is located at an elevation of approximately 40 m amsl in the catchment divide of the Williams Gully 

and Walls Creeks.  The area is subject to relatively high rainfall (>2,000 mm per year).  

The superficial geology beneath the site comprises interbedded sands, silts and clays, with the more 

impermeable silts and clays likely supporting the development of perched groundwater.  Where silts and clays 

overlie sand, groundwater in the sand is likely to be semi-confined.  Iron rich soils have facilitated the 

formation of iron pans, which can impede the vertical flow of groundwater.  The bedrock geology beneath the 

superficial deposits comprises limestone and marl.  Groundwater within bedrock would likely have flowed west 

towards the Tasman Sea. 

Quarrying operations have modified and potentially impacted the natural system as follows: 

 The quarrying has resulted in the formation of two quarry pits.  The larger “M” quarry extends to 

approximately 24 m bmsl, equating to a depth of approximately 64 m below ground level (bgl). 

 Groundwater levels and gradients at the Quarry would have been heavily modified by dewatering of the 

quarry pits with significant reduction of groundwater levels around the Quarry.  However, since the 

cessation of dewatering in May 2016, groundwater levels are rebounding and gradually filling the pits.  

 The clearance of vegetation, construction of relatively impermeable ground surfaces (concrete, 

compacted hardfill, etc.), and covering of the ground surface with overburden stockpiles are likely to have 

modified rainwater infiltration and runoff patterns.  Evidence from the site walkover suggests that surface 

water run-off from a large area of the site is draining into the quarry pits. 

 The construction of settling ponds to collect and discharge surface water run-off has concentrated 

discharge from other parts of the site to a single point in Williams Gully Creek. 

Based on the information review and site walkover, the CSM with respect to the sources and migration of 

contaminants is as follows: 

 The infrastructure and activities that supported quarrying operations (workshops, maintenance sheds, 

fuel storage, power supply, etc.) could have introduced contaminants onto land which could migrate to 

surface water and groundwater.  

 Activities such as below ground fuel storage and waste burial could have introduced contaminants 

directly into soil and groundwater. 

 Rebounding groundwater levels could mobilise contaminants in soils (beneath the areas of interest). 

 The post-closure site drainage regime could result in contaminants being preferentially concentrated in 

the quarry pits. 

 

6.3 Source Pathway Receptor Relationships 

6.3.1 Hazardous Activities and Industries List 

The information review and site walkover provides a basis for identifying whether land use activities included 

on MfE’s (2011b) Hazardous Activities and Industries List (HAIL) have been undertaken.  The HAIL activities 

are used to define the contaminants of concern and the source (location) of those contaminants. 

The HAIL activities are listed in Table 3 together with the area of the Quarry where they are being, or have 

been undertaken.  The contaminants of concern are based on the findings of the PSI and site walkover.  
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Table 3: HAIL activities identified at the Quarry. 

HAIL activity  Location/Area Contaminants of concern 

A17: Storage tanks or drums 

for fuels, chemicals or liquid 

waste 

Main Entrance – former AST; 

refuelling area and workshop. 

Petroleum hydrocarbons, in particular 

polycyclic aromatic hydrocarbon 

(PAH) compounds. 

B2: Electrical transformers South of the Main Entrance; 

crusher. 

Petroleum hydrocarbons, 

polychlorinated biphenyls (PCB), 

copper, tin, lead and mercury. 

C1: Explosive bulk storage Explosives store. Ammonium nitrate and hydrocarbons. 

F4: Motor vehicle workshops Main Entrance. Metals, petroleum hydrocarbons, 

PAH, solvents, and asbestos. 

F7: Refuelling facilities Main entrance – former USTs. Petroleum hydrocarbons, in particular 

PAHs. 

G5: Waste disposal to land Quarry Landfill; Main Entrance - 

dumping/burning ground.  

Metals and metalloids, petroleum 

hydrocarbons, PAHs, and asbestos. 

 

6.3.2 Potential contaminant linkages 

The potential contaminant linkages listed in Table 4 define the exposure pathway for identified contaminants of 

concern. 

Table 4: Potential Contaminant linkages. 

Contaminants of concern Exposure pathway 

Human health Environment 

Metals and metalloids Ingestion and dermal contact – 

contaminated soil, dust. 

Leaching/Entrainment in surface 

water run-off. 

Leaching to groundwater. 

Discharge of surface water run-off 

and groundwater into the quarry pits. 

PAH Ingestion, dermal contact – 

contaminated soil, dust. 

Entrainment in surface water run-off. 

Leaching to groundwater. 

Discharge of surface water run-off 

and groundwater into the quarry pits. 

Petroleum hydrocarbons Ingestion, dermal contact – 

contaminated soil. 

Leaching/direct discharge to 

groundwater. 

Discharge of groundwater into the 

quarry pits. 

PCB Ingestion, dermal contact – 

contaminated soil. 

Leaching to groundwater. 

Discharge of groundwater into the 

quarry pits. 
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Contaminants of concern Exposure pathway 

Human health Environment 

Nitrates from explosives 

manufacture 

Not applicable Leaching to surface water and 

groundwater. 

 

 

7.0 LIMITED SOIL SAMPLING 

A programme of limited soil sampling was undertaken by Golder on 14 and 15 June 2017 during the Quarry 

site walkover, see Figure 3.  The soil sampling was targeted at selected areas of interest (re-fuelling area, 

burning/dumping ground, former AST, and the Quarry Landfill) where evidence for possible contamination was 

observed during the site walkover.  

Eighteen soil samples were collected from selected areas, nine of which were analysed for contaminants of 

concern (metals, organochlorine pesticides, petroleum hydrocarbons and PAH).  Detailed description of the 

soil sampling methodology and findings are presented in Appendix G along with a figure showing the sampling 

locations.    
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The results of soil analysis identified the following contaminants: 

 TPH (C7-C9) above the adopted MfE (2011d) Tier 1 assessment criteria for protection of human health at 

the Quarry Landfill. 

 Evidence for non-aqueous phase liquids (NAPL) in near surface soils at the re-fuelling area. 

The limited soil sampling has confirmed a potential human health contaminant linkage with respect to 

petroleum hydrocarbons, should soils in the Quarry Landfill be disturbed.  In addition, a potential linkage has 

been identified with respect to NAPL and groundwater. 

Recommendations for further work based on the findings of the limited sampling are documented in Appendix 

G and summarised in Section 8.0.  Supporting information/data is included in Appendix H (test pit logs), 

Appendix I (chain of custody records and laboratory results) and Appendix J (quality assurance 

documentation). 

8.0 CONCLUSIONS AND RECOMMENDATIONS 

8.1 Conclusions 

HNZL commissioned Golder to undertake a PSI to assess the potential for contamination at its Tauranga Bay 

Limestone Quarry following the cessation of quarrying activities in 2016. 

The PSI has comprised review of information from HNZL, the district council, and the regional council; review 

of historical aerial photographs and previous investigation reports; and a site walkover.  Limited soil sampling 

was also undertaken during the site walkover. 

The Quarry dewatering pumps were switched off in May 2016 and, since then, the two main quarry pits have 

been filling with groundwater.  In addition, much of the surface water drainage is flowing into the quarry pits. 

The PSI has identified six HAIL activities at the Quarry.  The activities with potential to cause contamination of 

soil and water are: petroleum hydrocarbon storage, explosives storage, workshops, electrical sub-stations, 

and waste disposal. 

There is uncertainty on the number and location of former USTs at the Quarry, with BDC information 

suggesting that there could be seven USTs which are unaccounted for.    

Limited soil sampling has identified one potential contaminant linkage with respect to human health and 

identified one potential contaminant linkage with respect to the environment (groundwater).  The potential 

linkages relate to storage of waste disposal and storage of petroleum hydrocarbons. 

8.2 Recommendations 

Based on the findings of the PSI and limited soil sampling at the Quarry, the following additional 

investigation/assessment is recommended:  

 Detailed Site Investigation to characterise contamination in relation to the fuel storage areas, 

transformers, explosives storage, and workshops. 

 Further assessment of the Quarry Landfill to establish the degree of hydrocarbon contamination and the 

potential impacts on groundwater quality. 

 Assessment of surface water quality in the settling ponds and in the “G” and “M” quarry. 
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 Investigation into the possible location of additional USTs based on BDC documentation. 

 Inspection of the areas not accessed (explosives store and former access road) during the site walkover. 

9.0 LIMITATIONS 

Your attention is drawn to the document, “Report Limitations”, as attached in Appendix K.  The statements 

presented in that document are intended to advise you of what your realistic expectations of this report should 

be, and to present you with recommendations on how to minimise the risks to which this report relates which 

are associated with this project.  The document is not intended to exclude or otherwise limit the obligations 

necessarily imposed by law on Golder Associates (NZ) Limited, but rather to ensure that all parties who may 

rely on this report are aware of the responsibilities each assumes in so doing. 
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Photographic Log – Tauranga Bay Quarry PSI 

Main Entrance 

Photograph 1: Main entrance gate – facing north-west. 

Photograph 2: Main entrance – facing south. 

September 2017 
Project No. 1779210-7405-002-R-Rev0 1/16 
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Photograph 3: Former AST footprint. 

Photograph 4: Former AST footprint. 

September 2017 
Project No. 1779210-7405-002-R-Rev0 2/16 



APPENDIX F 
Photographic Log – Tauranga Bay Quarry PSI 

Photograph 5: Former core storage footprint (inferred). 

Photograph 6: Former core storage (inferred). 

September 2017 
Project No. 1779210-7405-002-R-Rev0 3/16 
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Photograph 7: Burning area and dumping ground. 

Photograph 8: Former office footprint and transformer. 

September 2017 
Project No. 1779210-7405-002-R-Rev0 4/16 
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Photograph 9: Transformer. 

Photograph 10: Workshop. 

September 2017 
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Photograph 11: Workshop – internal. 

Photograph 12: Workshop – internal. 

September 2017 
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Photograph 13: Workshop – internal. 

September 2017 
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Electrical Substation 

Photograph 14: Electrical substation. 

Photograph 15: Electrical substation – internal. 

September 2017 
Project No. 1779210-7405-002-R-Rev0 8/16 
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Quarry Landfill 

Photograph 16: Landfill disposal area. 

Photograph 17: Landfill surface. 

September 2017 
Project No. 1779210-7405-002-R-Rev0 9/16 
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Photograph 18: Ponded water. 

Photograph 19: Discoloured water around base of landfill. 

September 2017 
Project No. 1779210-7405-002-R-Rev0 10/16 
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The Crusher 

Photograph 20: Crusher – facing north. 

Photograph 21: Crusher electrical substation. 

September 2017
Project No. 1779210-7405-002-R-Rev0 11/16 
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Photograph 22: Crusher – electrical substation transformer. 

September 2017 
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Photograph 23: Crusher – flooded basement. 

Photograph 24: Crushers conveyors. 

September 2017 
Project No. 1779210-7405-002-R-Rev0 13/16 
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Explosives Stores 

Photograph 25: Explosives store (near main entrance). 

Photograph 26: Explosives store (south-west of ‘M’ Quarry). 

September 2017 
Project No. 1779210-7405-002-R-Rev0 14/16 
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Photograph 27: Explosives store (south-west of ‘M’ Quarry) - general dumping area. 

Photograph 28: Explosives store (south-west of ‘M’ Quarry) – diesel AST. 

September 2017 
Project No. 1779210-7405-002-R-Rev0 15/16 
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Photograph 29: Explosives store (south-west of ‘M’ Quarry) – diesel AST. 

September 2017 
Project No. 1779210-7405-002-R-Rev0 16/16 
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APPENDIX G 
Limited Soil Sampling 

July 2017 
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1.0 LIMITED SOIL SAMPLING 

1.1 Overview 

During the walkover of the Quarry site, limited targeted soil sampling was undertaken at areas of interest, 

based on visual evidence for contamination.  The purpose of the limited soil sampling was to utilise time on 

site to gain a preliminary understanding of the contamination status of selected features of interest which 

would inform the need for more focused investigation/assessment.  The sampled features of interest were: 

 Main Entrance: 

 Re-fuelling area;

 Burning area/dumping ground;

 Above ground storage tank (AST) footprint.

 Quarry Landfill. 

The investigation locations for the limited soil sampling are presented on Figure G1.  The rationale for 

selecting the areas of interest is outlined in Table G1. 

Table G1: Areas of interest and associated contaminants of concern. 

Area Rationale Potential contaminants 

Main Entrance Area 

Re-fuelling area Evidence of three former USTs. TPH and PAH. 

Burning area/dumping ground 
Evidence of waste dumping and 
burning on ground surface. 

Metals and SVOCs. 

Former AST footprint Evidence of former diesel tank. TPH and PAH. 

Quarry Landfill Known waste disposal site. Metals, thallium, TPH and PAH. 

Notes:  TPH – total petroleum hydrocarbons.  PAH – polycyclic aromatic hydrocarbons.  SVOC – semi-volatile organic compounds. 

1.2 Methodology 

The limited soil sampling was undertaken on 14 and 15 June 2017 using a combination of machine 

excavated test pits and hand excavation, Figure 3 shows the investigation locations.  Test pits were 

excavated, using a 14 tonne excavator, in areas where the soil was compacted and/or sampling depths 

greater than 0.5 m (metres) below ground level (bgl) were required.  These areas comprised the location of 

the former AST (Test Pits QU9 and QU10) and the former re-fuelling area (Test Pits QU1 and QU6).  

Hand excavation, using a shovel, was used to obtain shallow soil samples, less than 0.5 m bgl, in areas 

where the soil was not compacted.  These areas comprised the waste disposal area (QU2 and QU3) and the 

burning/dumping area (QU4 and QU5). 

During test pitting and hand excavation, the soil profile was logged and evidence of any visual or olfactory 

contamination was noted.  Sampled soils were screened for volatile organic compounds (VOC) using a 

photo-ionisation detector (PID) and then placed in laboratory prepared sample jars.  Nitrile gloves were worn 

during sampling and sampling equipment was wiped clean between sampling locations.  Samples were 

chilled and transported to the analytical laboratory under chain of custody (CoC) documentation.  

Test pits were re-instated with excavated soil which were compacted with the excavator bucket.  The test pit 

and hand excavation logs, together with PID calibration certificates are provided in Appendix H.  Copies of 

the CoC are presented in Appendix I. 
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1.3 Laboratory Analysis 

Soil samples were analysed for contaminants of concern at RJ Hill Laboratories Limited (Hill Laboratories).  

The contaminants of concern associated with each feature are: 

 Re-fuelling area – total petroleum hydrocarbons (TPH) and polycyclic aromatic hydrocarbons (PAH). 

 Burning area/dumping ground – metals (arsenic, cadmium, chromium, copper, lead, nickel, and zinc) 

and semi-volatile organic compounds (SVOC). 

 AST – TPH and PAH. 

 Quarry Landfill – TPH, PAH, metals (including thallium). 

1.4 Soil Assessment Criteria 

The assessment of risk to human health from contaminated soil is regulated by the Resource Management 

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

Health) Regulations 2011 (NES).  The NES has established a set of soil contaminant standards (SCS) for 12 

priority contaminants which are protective of human health.  The SCS apply to specific land use (rural, 

residential, recreation and commercial/industrial) and contaminant exposure pathways (ingestion, inhalation 

and dermal contact). 

In selecting a land use scenario for applying the SCS, HNZL has advised that the Quarry land use will 

remain as commercial/industrial.  Accordingly, the NES commercial/industrial outdoor worker (unpaved) 

exposure scenario is considered to be applicable for this assessment.  

Where a SCS has not been derived, an applicable standard (soil guideline value (SGV)) for the protection of 

human health has been selected in accordance with MfE (2011c) Contaminated Land Management 

Guidelines No. 2: Hierarchy and Application in New Zealand of Environmental Guideline Values. 

With respect to the contaminants of concern for this limited soil sampling, there is no SCS for TPH.  

Therefore the MfE (2011d) Tier 1 acceptance criteria for a commercial/industrial land use and based on 

sandy soils have been adopted.  While the main soil constituent is gravel, Tier 1 criteria are not available for 

gravel soils, therefore the closest soil type (sand) has been selected. 

2.0 INVESTIGATION FINDINGS 

2.1 Overview 

The findings of the soil sampling and laboratory analysis are discussed separately for each feature of 

interest.  The laboratory data reports are included in Appendix I and the results are summarised, with the 

adopted assessment criteria in Appendix I. 

2.2 Re-fuelling Area 

Two test pits (QU1 and QU6) were machine excavated to a maximum depth of 3.5 m bgl to target the base 

of the former tank pit.  Soils encountered comprised compacted sand and gravel (inferred to be crushed 

limestone).  Some black staining of soil was observed at 1.0 m bgl in test pit QU6.  Evidence of the former 

fuel bowser and associated infrastructure was observed in test pit QU1.  PID readings (maximum 10.8 ppm) 

from test pit QU6 were suggestive of potential hydrocarbon impact (PID readings are recorded on the 

borehole logs in Appendix H). 
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Groundwater was not encountered in the test pits. 

Soil samples collected from test pits QU1 (0.3 m and 1.0 m) and QU6 (0.2 m, 2.0 m and 3.0 m) were 

analysed for TPH and PAH.  

TPH was detected in samples from both test pits, but not at concentrations above adopted MfE (2011d) Tier 

1 assessment criteria.  In the sample from test pit QU6 at 0.2 m bgl, concentrations of C15-C36 band TPH 

were detected at 22,000 mg/kg.  While there are no applicable human health criteria for C15-C36 band TPH, 

concentrations exceeding 20,000 mg/kg are likely to be indicative of the presence of residual non-aqueous 

phase liquids (NAPL) in soil.  

Of note is that concentrations of TPH (C15-C36) were significantly higher (22,000 mg/kg at QU6 and 820 

mg/kg at QU1) in near surface soils (0.2-0.3 m bgl) than in deeper soils, which is not what would be 

expected when investigating underground fuel storage.  This suggests either some spillage of fuel at surface 

(possibly when the tanks were removed) or re-burial (in reverse sequence) of contaminated soils from the 

tank pit.   

Concentrations for calculated benzo(a)pyrene equivalent (BaP eq.) were below the NES SCS for 

commercial/industrial land use.  

2.3 Burning Area/Dumping Ground 

Two test pits (QU4 and QU5) were excavated by hand to a maximum depth of 0.5 m bgl.  Soils encountered 

comprised compacted sand and gravel (inferred to be crushed limestone).  Groundwater was not 

encountered in the test pits.  

One soil sample from test pit QU5 (0.3 m), at the location of previous burning of waste, was analysed for 

metals and SVOC.  

Concentrations of metals/metalloids were above the laboratory limits of reporting (LORs) but below the NES 

SCS for commercial/industrial land use.  Concentrations of SVOCs were below the laboratory LORs. 

2.4 Former AST 

Two test pits (QU9 and QU10) were machine excavated, in the former AST footprint, to a maximum depth of 

0.5 m bgl (both pits were terminated on encountering groundwater).  Soils encountered comprised 

compacted sand and gravel (inferred to be crushed limestone).   

One soil sample from test pit QU10 (0.3 m) was analysed for TPH and PAH. 

The analytical results for PAH (including BaP eq.) were below the laboratory LORs.  Concentrations of TPH 

(C15-C36) were reported at 330 mg/kg, however, there is no applicable assessment criteria for this TPH band 

(see Section 2.2). 

2.5 Quarry Landfill 

Two test pits (QU2 and QU3) were machine excavated to a depth of 0.5 m bgl.  Fill material encountered 

comprised clinker, kiln bricks, hessian sacks, plastic, ball bearings, silicon waste, coal, and concrete test 

blocks in a sandy matrix.  Groundwater was not encountered in the test pits. 

Soil samples collected from test pits QU2 (0.5 m) and QU3 (0.5 m) were analysed for metals (including 

thallium), TPH and PAH.  
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Concentrations of metals/metalloids were above the laboratory LORs but were below the NES SCS for 

commercial/industrial land use.  Thallium was reported at concentrations of 3.1 mg/kg and 2.0 mg/kg in test 

pits QU2 and QU3 respectively, which is below the adopted guideline value of 12 mg/kg (USEPA 2016). 

Concentrations for individual PAH compounds in both samples were reported above the laboratory LORs.  

However, the calculated BaP eq. was below the NES SCS for commercial/industrial land use.  

Concentrations of TPH (C7-C9) were identified at 210 mg/kg, which is above the adopted MfE (2011d) Tier 1 

assessment criteria of 120 mg/kg. 

2.6 Quality Assurance 

One quality control sample (QAQC2) was collected from test pit QU2 at 0.5 m bgl.  The results of the quality 

control sample analysis have been compared to the primary sample analysis from test pit QU2 (0.5 m) and 

the relative percentage difference (RPD) calculated (Appendix J).  The calculations show that 74 % of the 

analytes tested meet the <50% RPD quality objective.  The non-conformances (TPH and selected PAH 

compounds) were likely a consequence of the heterogeneity of the sampled soil between the primary and 

duplicate samples.  In each case, the reported TPH and PAH concentrations in the quality control sample did 

not exceed the guideline values and they are not considered to be significant with respect to the 

interpretation of the results.  

3.0 CONCLUSIONS AND RECOMMENDATIONS 

3.1 Conclusions 

During the site walkover, which formed part of the PSI for the Quarry, limited soil sampling was undertaken 

at selected features of interest where evidence for possible contamination was observed.  The soil sampling 

analysis results have identified contaminants of concern at the following features of interest: 

 Main Entrance: 

 Re-fuelling area (TPH)

 Quarry Landfill (TPH). 

While the analytical results for the re-fuelling area did not exceed the MfE (2011d) Tier 1 assessment criteria 

(commercial/industrial land use), they are suggestive of the presence of NAPL in the soil and thus wider 

contamination in that area, as supported by observations of soil condition during the sampling.  

The analytical results for the Quarry Landfill identified concentrations of TPH (C7-C9) above the adopted MfE 

(2011d) Tier 1 assessment criteria for protection of human health. 

3.2 Recommendations 

Based on the findings of the limited soil sampling, the following further investigation/assessment is 

recommended: 

 Further investigation and delineation of soil contamination in the vicinity of the re-fuelling area. 

 Investigation of potential hydrocarbon impacts on groundwater from the re-fuelling area. 

 Further investigation of the Quarry Landfill to establish the extent of the area, the degree of 

contamination, and the potential impacts on groundwater quality. 
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Test Pit Logs 
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Limestone Quarry, Cape FoulwindLOCATION:

CLIENT:

1779210JOB NO.:

Holcim (NZ) Limited

PROJECT: Holcim Quarry PSI

COORDS:

0.50 mTEST DEPTH:

1473137 mE          5375442 mN

SURFACE RL: 40 m

J GrinstedRECORDED:

-CHECKED:

CONTRACTOR: GP Contracting

SHEET:

15/06/2017DATE:

-DATE:

REPORT OF INVESTIGATION: QU10

11 OF

MACHINE: Volvo EC140DATUM: MSL

In-Situ
Testing

0.5

Sample: 0.30m
Description: QU10_0.3
PID = 0.2 ppm

D

Sandy fine to coarse GRAVEL with minor cobbles and trace
boulders; grey. Moist, well graded, subangular to subrounded;
sand, fine to coarse; cobbles and boulders, subangular;
limestone.

End of hole at: 0.5 m

GW M

G
ro

u
n
d
w

a
te

r 
n
o
t 
e
n
co

u
n
te

re
d

Termination: Other - see notes.

Remarks: Terminated due to water ingress.

Notes:
Coordinates and elevation are estimates only.
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Limestone Quarry, Cape FoulwindLOCATION:

CLIENT:

1779210JOB NO.:

Holcim (NZ) Limited

PROJECT: Holcim Quarry PSI

COORDS:

0.50 mTEST DEPTH:

1473147 mE          5375440 mN

SURFACE RL: 40 m

J GrinstedRECORDED:

-CHECKED:

CONTRACTOR: GP Contracting

SHEET:

15/06/2017DATE:

-DATE:

REPORT OF INVESTIGATION: QU9

11 OF

MACHINE: Volco EC140DATUM: MSL

In-Situ
Testing

0.5

Sample: 0.40m
Description: QU9_0.4
PID = 0.1 ppm

D

Sandy fine to coarse GRAVEL with minor cobbles and trace
boulders; grey. Moist, well graded, subangular to subrounded;
sand, fine to coarse; cobbles and boulders, subangular;
limestone.

End of hole at: 0.5 m

GW M

Termination: Other - see notes.

Remarks: Terminated due to water ingress.

Notes:
Coordinates and elevation are estimates only.
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Limestone Quarry, Cape FoulwindLOCATION:

CLIENT:

1779210JOB NO.:

Holcim (NZ) Limited

PROJECT: Holcim Quarry PSI

COORDS:

0.30 mTEST DEPTH:

1473106 mE          5375385 mN

SURFACE RL: 40 m

J GrinstedRECORDED:

-CHECKED:

CONTRACTOR: Golder Associates

SHEET:

15/07/2017DATE:

-DATE:

REPORT OF INVESTIGATION: QU8

11 OF

MACHINE: Hand ExcavationDATUM: MSL

In-Situ
Testing

Sample: 0.30m
Description: QU8_0.3
PID = 0.2 ppm

D

Sandy fine to coarse GRAVEL; grey brown. Moist, well graded;
subangular to angular; sand, fine to coarse (FILL).

End of hole at: 0.3 m

GW M

G
ro

u
n
d
w
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te
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n
o
t 
e
n
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u
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te

re
d

Termination: Target depth.

Remarks:

Notes:
Coordinates and elevation are estimates only.
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Limestone Quarry, Cape FoulwindLOCATION:

CLIENT:

1779210JOB NO.:

Holcim (NZ) Limited

PROJECT: Holcim Quarry PSI

COORDS:

0.50 mTEST DEPTH:

1473125 mE          5375422 mN

SURFACE RL: 39 m

J GrinstedRECORDED:

-CHECKED:

CONTRACTOR: GP Contracting

SHEET:

15/06/2017DATE:

-DATE:

REPORT OF INVESTIGATION: QU7

11 OF

MACHINE: Volvo EC140DATUM: MSL

In-Situ
Testing

0.5

Sample: 0.40m
Description: QU7_0.4
PID = 0.1 ppm

D

Gravelly fine to coarse SAND; grey. Moist, well graded; gravel,
fine to coarse; subangular to subrounded (FILL).

Becoming brown.

End of hole at: 0.5 m

SW M

G
ro

u
n
d
w

a
te

r 
n
o
t 
e
n
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u
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te
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d

Termination: Target depth.

Remarks:

Notes:
Coordinates and elevation are estimates only.
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Limestone Quarry, Cape FoulwindLOCATION:

CLIENT:

1779210JOB NO.:

Holcim (NZ) Limited

PROJECT: Holcim Quarry PSI

COORDS:

3.50 mTEST DEPTH:

1473103 mE          5375466 mN

SURFACE RL: 40 m

J GrinstedRECORDED:

-CHECKED:

CONTRACTOR: GP Contracting

SHEET:

15/06/2017DATE:

-DATE:

REPORT OF INVESTIGATION: QU6

11 OF

MACHINE: Volvo EC140DATUM: MSL

In-Situ
Testing

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Sample: 0.20m
Description: QU6_0.2
PID = 3.8 ppm

Sample: 0.50m
Description: QU6_0.5 & QAQC4
PID = 1.2 ppm

Sample: 1.00m
Description: QU6_1.0
PID = 10.8 ppm

Sample: 2.00m
Description: QU6_2.0
PID = 0.9 ppm

Sample: 3.00m
Description: QU6_3.0
PID = 0.4 ppm

Sample: 3.50m
Description: QU6_3.5
PID = 0.4 ppm

D

D

D

D

B

B

Sandy SILT, brown grey with black staining. Dry; sand, fine.

Silty medium SAND; orange brown. Moist; poorly graded.

Silty fine SAND; light brown. Moist, poorly graded.

Organic silt; grey black. Moist, decomposing plant material.

Iron pan, orange.

Sandy SILT; grey. Moist; sand, fine.

End of hole at: 3.5 m
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Termination: Target depth.

Remarks:

Notes:
Coordinates and elevation are estimates only.
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Limestone Quarry, Cape FoulwindLOCATION:

CLIENT:

1779210JOB NO.:

Holcim (NZ) Limited

PROJECT: Holcim Quarry PSI

COORDS:

0.50 mTEST DEPTH:

1473153 mE          5375412 mN

SURFACE RL: 39 m

J GrinstedRECORDED:

-CHECKED:

CONTRACTOR: Golder Associates

SHEET:

15/06/2017DATE:

-DATE:

REPORT OF INVESTIGATION: QU5

11 OF

MACHINE: Hand ExcavationDATUM: MSL

In-Situ
Testing

0.5

Sample: 0.30m
Description: QU5_0.3
PID = 0.2 ppm

D

Silty fine sand; orange brown with white specs. Moist; poorly
graded.

End of hole at: 0.5 m

SM M

G
ro

u
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d
w

a
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o
t 
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Termination: Target depth.

Remarks:

Notes:
Coordinates and elevation are estimates only.
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Limestone Quarry, Cape FoulwindLOCATION:

CLIENT:

1779210JOB NO.:

Holcim (NZ) Limited

PROJECT: Holcim Quarry PSI

COORDS:

0.50 mTEST DEPTH:

1473136 mE          5375408 mN

SURFACE RL: 39 m

J GrinstedRECORDED:

-CHECKED:

CONTRACTOR: Golder Associates

SHEET:

15/06/2017DATE:

-DATE:

REPORT OF INVESTIGATION: QU4

11 OF

MACHINE: Hand ExcavationDATUM: MSL

In-Situ
Testing

0.5

Sample: 0.20m
Description: QU4_0.2
PID = 0.3 ppm

D

Sandy fine to coarse GRAVEL; grey brown. Moist; well graded;
subangular to subrounded; limestone; sand, fine to coarse (FILL).

End of hole at: 0.5 m

GW M

G
ro

u
n
d
w
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te
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o
t 
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te
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d

Termination: Target depth.

Remarks:

Notes:
Coordinates and elevation are estimates only.
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Limestone Quarry, Cape FoulwindLOCATION:

CLIENT:

1779210JOB NO.:

Holcim (NZ) Limited

PROJECT: Holcim Quarry PSI

COORDS:

0.50 mTEST DEPTH:

1472572 mE          5375170 mN

SURFACE RL: 40 m

J GrinstedRECORDED:

-CHECKED:

CONTRACTOR: Golder Associates

SHEET:

15/06/2017DATE:

-DATE:

REPORT OF INVESTIGATION: QU3

11 OF

MACHINE: Hand ExcavationDATUM: MSL

In-Situ
Testing

0.5
Sample: 0.50m
Description: QU3_0.5

D

Gravelly fine to coarse SAND with cobbles; grey. Moist; well
graded; gravel, fine to coarse; subangular to subrounded;
cobbles, subangular to subrounded; clinker; bricks and wood
fragments within (FILL).

End of hole at: 0.5 m

SW M

G
ro
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d
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Termination: Target depth.

Remarks:

Notes:
Coordinates and elevation are estimates only.



F
o

rm
a
ti

o
n

G
ra

p
h

ic
L

o
g

Description

U
S

C

D
e
p

th
(m

)

W
a
te

r
O

b
s
e
rv

a
ti

o
n

s

Samples

M
o

is
tu

re
C

o
n

d
it

io
n

C
o

n
s
is

te
n

c
y

/ 
D

e
n

s
it

y

Limestone Quarry, Cape FoulwindLOCATION:

CLIENT:

1779210JOB NO.:

Holcim (NZ) Limited

PROJECT: Holcim Quarry PSI

COORDS:

0.50 mTEST DEPTH:

1472619 mE          5375167 mN

SURFACE RL: 40 m

J GrinstedRECORDED:

-CHECKED:

CONTRACTOR: Golder Asscociates

SHEET:

15/06/2017DATE:

-DATE:

REPORT OF INVESTIGATION: QU2

11 OF

MACHINE: Hand ExcacationDATUM: MSL

In-Situ
Testing

0.5
Sample: 0.50m
Description: QU2_0.5 & QAQC2
PID = 0 ppm

D

Fine to coarse SAND with some gravel, trace cobbles and trace
boulders; blackish brown. Moist; well graded; gravel, fine to
coarse; subangular to subrounded; cobbles and boulders,
subangular;  plastic, ball bearings, silicon waste, coal, bricks and
plastic wrap within (FILL).

End of hole at: 0.5 m

SW

G
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n
d
w

a
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n
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Termination: Target depth.

Remarks:

Notes:
Coordinates and elevation are estimates only.
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Limestone Quarry, Cape FoulwindLOCATION:

CLIENT:

1779210JOB NO.:

Holcim (NZ) Limited

PROJECT: Holcim Quarry PSI

COORDS:

3.50 mTEST DEPTH:

1473101 mE          5375456 mN

SURFACE RL: 40 m

J GrinstedRECORDED:

-CHECKED:

CONTRACTOR: GP Contracting

SHEET:

14/06/2017DATE:

-DATE:

REPORT OF INVESTIGATION: QU1

11 OF

MACHINE: Volvo EC140DATUM: MSL

In-Situ
Testing

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Sample: 1.00m
Description: QU1_1.0
PID = 2.0 ppm

Sample: 3.50m
Description: PID = 2.0 ppm

D

G

Sandy fine to coarse GRAVEL; grey white. Dry; well graded;
subangular to subrounded; limestone; sand, fine to coarse (FILL).

Fine to medium SAND; orange brown. Dry-moist, poorly graded;
50 mm metal pipe, 20 mm electric cables and a gate hinge (FILL).

End of hole at: 3.5 m

GW

SP

M

G
ro

u
n
d
w

a
te

r 
n
o
t 
e
n
co

u
n
te

re
d

Termination: Target depth.

Remarks:

Notes:
Coordinates and elevation are estimates only.



January 2018 1779210-7403-002-R-Rev0_PSI 

APPENDIX I 

Chain of Custody Documentation 

and Laboratory Analytical Results 





R J Hill Laboratories Limited
1 Clyde Street Hamilton 3216
Private Bag 3205
Hamilton 3240 New Zealand

0508 HILL LAB (44 555 22)
+64 7 858 2000
mail@hill-labs.co.nz
www.hill-laboratories.com

T
T
E
W

This Laboratory is 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.
The tests reported herein have been performed in accordance with the terms of accreditation, with the exception of
tests marked *, which are not accredited.

A N A L Y S I S    R E P O R T Page 1 of 7

Client:
Contact: Cara Di Vitto

C/- Golder Associates (NZ) Limited
PO Box 2281
Christchurch Mail Centre
Christchurch 8140

Golder Associates (NZ) Limited Lab No:
Date Received:
Date Reported:
Quote No:
Order No:
Client Reference:
Submitted By:

1793996
17-Jun-2017
04-Jul-2017
85739

HOLCIM_Quarry
Jack Grinsted

SPv3

Sample Type: Soil
Sample Name:

Lab Number:

20170614_QU1_0
.3 14-Jun-2017

4:45 pm

20170614_QU1_1
.0 14-Jun-2017

4:00 pm

20170615_QU3_0
.5 15-Jun-2017

9:20 am

QAQC2
15-Jun-2017

1793996.1 1793996.2 1793996.4 1793996.5 1793996.7

20170615_QU2_0
.5 15-Jun-2017

9:00 am

Individual Tests

g/100g as rcvd 91 88 73 79 77Dry Matter
mg/kg dry wt - - 3.1 2.0 3.1Total Recoverable Thallium

Heavy Metals, Screen Level

mg/kg dry wt - - 10 9 8Total Recoverable Arsenic
mg/kg dry wt - - 0.43 0.36 0.49Total Recoverable Cadmium
mg/kg dry wt - - 36 41 31Total Recoverable Chromium
mg/kg dry wt - - 6 8 7Total Recoverable Copper
mg/kg dry wt - - 13.6 13.8 14.2Total Recoverable Lead
mg/kg dry wt - - 7 10 8Total Recoverable Nickel
mg/kg dry wt - - 72 42 77Total Recoverable Zinc

Polycyclic Aromatic Hydrocarbons Screening in Soil

mg/kg dry wt < 0.011 < 0.011 0.62 0.89 0.881-Methylnaphthalene
mg/kg dry wt < 0.011 < 0.011 0.66 1.15 0.972-Methylnaphthalene
mg/kg dry wt < 0.011 < 0.011 0.049 0.029 0.062Perylene*
mg/kg dry wt < 0.011 < 0.011 < 0.014 < 0.013 < 0.013Acenaphthylene
mg/kg dry wt < 0.011 < 0.011 < 0.014 < 0.013 < 0.013Acenaphthene
mg/kg dry wt < 0.011 < 0.011 0.046 0.060 0.138Anthracene
mg/kg dry wt < 0.011 < 0.011 0.035 0.035 0.049Benzo[a]anthracene
mg/kg dry wt < 0.011 < 0.011 0.014 0.015 0.018Benzo[a]pyrene (BAP)
mg/kg dry wt < 0.011 < 0.011 < 0.014 0.017 0.020Benzo[b]fluoranthene + Benzo[j]

fluoranthene
mg/kg dry wt < 0.011 < 0.011 0.023 0.028 0.043Benzo[e]pyrene
mg/kg dry wt < 0.011 < 0.011 0.27 0.39 0.85Benzo[g,h,i]perylene
mg/kg dry wt < 0.011 < 0.011 < 0.014 < 0.013 < 0.013Benzo[k]fluoranthene
mg/kg dry wt < 0.011 < 0.011 0.041 0.049 0.060Chrysene
mg/kg dry wt < 0.011 < 0.011 < 0.014 < 0.013 < 0.013Dibenzo[a,h]anthracene
mg/kg dry wt 0.017 0.013 0.046 0.037 0.052Fluoranthene
mg/kg dry wt < 0.011 < 0.011 0.032 0.029 0.042Fluorene
mg/kg dry wt < 0.011 < 0.011 < 0.014 0.017 0.034Indeno(1,2,3-c,d)pyrene
mg/kg dry wt < 0.06 < 0.06 0.37 0.39 0.49Naphthalene
mg/kg dry wt < 0.011 < 0.011 0.45 0.55 0.59Phenanthrene
mg/kg dry wt 0.025 0.046 0.094 0.104 0.158Pyrene

Total Petroleum Hydrocarbons in Soil

mg/kg dry wt < 8 < 8 37 210 86C7 - C9
mg/kg dry wt < 20 < 20 < 20 25 20C10 - C14
mg/kg dry wt 820 93 167 260 400C15 - C36
mg/kg dry wt 820 93 200 500 500Total hydrocarbons (C7 - C36)



Sample Type: Soil
Sample Name:

Lab Number:

20170615_QU5_0
.3 15-Jun-2017

10:00 am

20170615_QU6_2
.0 15-Jun-2017

20170615_QU6_0
.2 15-Jun-2017

QU10_0.3
15-Jun-2017

11:45 am
1793996.8 1793996.12 1793996.13 1793996.16 1793996.18

20170615_QU6_3
.0 15-Jun-2017

Individual Tests

g/100g as rcvd 81 83 78 88 85Dry Matter
mg/kg dry wt < 0.4 - - - -3 & 4-Methylphenol (m- + p-

cresol)

Heavy Metals, Screen Level

mg/kg dry wt 6 - - - -Total Recoverable Arsenic
mg/kg dry wt 0.18 - - - -Total Recoverable Cadmium
mg/kg dry wt 12 - - - -Total Recoverable Chromium
mg/kg dry wt 2 - - - -Total Recoverable Copper
mg/kg dry wt 4.3 - - - -Total Recoverable Lead
mg/kg dry wt 9 - - - -Total Recoverable Nickel
mg/kg dry wt 15 - - - -Total Recoverable Zinc

Polycyclic Aromatic Hydrocarbons Screening in Soil

mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.0121-Methylnaphthalene
mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.0122-Methylnaphthalene
mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.012Perylene*
mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.012Acenaphthylene
mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.012Acenaphthene
mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.012Anthracene
mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.012Benzo[a]anthracene
mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.012Benzo[a]pyrene (BAP)
mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.012Benzo[b]fluoranthene + Benzo[j]

fluoranthene
mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.012Benzo[e]pyrene
mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.012Benzo[g,h,i]perylene
mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.012Benzo[k]fluoranthene
mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.012Chrysene
mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.012Dibenzo[a,h]anthracene
mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.012Fluoranthene
mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.012Fluorene
mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.012Indeno(1,2,3-c,d)pyrene
mg/kg dry wt - < 0.06 < 0.07 < 0.06 < 0.06Naphthalene
mg/kg dry wt - < 0.012 < 0.013 < 0.011 < 0.012Phenanthrene
mg/kg dry wt - < 0.012 < 0.013 0.069 < 0.012Pyrene

Haloethers Trace in SVOC Soil Samples by GC-MS

mg/kg dry wt < 0.10 - - - -Bis(2-chloroethoxy) methane
mg/kg dry wt < 0.10 - - - -Bis(2-chloroethyl)ether
mg/kg dry wt < 0.10 - - - -Bis(2-chloroisopropyl)ether
mg/kg dry wt < 0.10 - - - -4-Bromophenyl phenyl ether
mg/kg dry wt < 0.10 - - - -4-Chlorophenyl phenyl ether

Nitrogen containing compounds Trace in SVOC Soil Samples, GC-MS

mg/kg dry wt < 0.14 - - - -N-Nitrosodiphenylamine +
Diphenylamine

mg/kg dry wt < 0.2 - - - -2,4-Dinitrotoluene
mg/kg dry wt < 0.2 - - - -2,6-Dinitrotoluene
mg/kg dry wt < 0.10 - - - -Nitrobenzene
mg/kg dry wt < 0.14 - - - -N-Nitrosodi-n-propylamine

Organochlorine Pesticides Trace in SVOC Soil Samples by GC-MS

mg/kg dry wt < 0.10 - - - -Aldrin
mg/kg dry wt < 0.10 - - - -alpha-BHC
mg/kg dry wt < 0.10 - - - -beta-BHC
mg/kg dry wt < 0.10 - - - -delta-BHC
mg/kg dry wt < 0.10 - - - -gamma-BHC (Lindane)
mg/kg dry wt < 0.10 - - - -4,4'-DDD
mg/kg dry wt < 0.10 - - - -4,4'-DDE
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Sample Type: Soil
Sample Name:

Lab Number:

20170615_QU5_0
.3 15-Jun-2017

10:00 am

20170615_QU6_2
.0 15-Jun-2017

20170615_QU6_0
.2 15-Jun-2017

QU10_0.3
15-Jun-2017

11:45 am
1793996.8 1793996.12 1793996.13 1793996.16 1793996.18

20170615_QU6_3
.0 15-Jun-2017

Organochlorine Pesticides Trace in SVOC Soil Samples by GC-MS

mg/kg dry wt < 0.2 - - - -4,4'-DDT
mg/kg dry wt < 0.10 - - - -Dieldrin
mg/kg dry wt < 0.2 - - - -Endosulfan I
mg/kg dry wt < 0.5 - - - -Endosulfan II
mg/kg dry wt < 0.2 - - - -Endosulfan sulphate
mg/kg dry wt < 0.14 - - - -Endrin
mg/kg dry wt < 0.2 - - - -Endrin ketone
mg/kg dry wt < 0.10 - - - -Heptachlor
mg/kg dry wt < 0.10 - - - -Heptachlor epoxide
mg/kg dry wt < 0.10 - - - -Hexachlorobenzene

Polycyclic Aromatic Hydrocarbons Trace in SVOC Soil Samples

mg/kg dry wt < 0.10 - - - -Acenaphthene
mg/kg dry wt < 0.10 - - - -Acenaphthylene
mg/kg dry wt < 0.10 - - - -Anthracene
mg/kg dry wt < 0.10 - - - -Benzo[a]anthracene
mg/kg dry wt < 0.10 - - - -Benzo[a]pyrene (BAP)
mg/kg dry wt < 0.10 - - - -Benzo[b]fluoranthene + Benzo[j]

fluoranthene
mg/kg dry wt < 0.10 - - - -Benzo[g,h,i]perylene
mg/kg dry wt < 0.10 - - - -Benzo[k]fluoranthene
mg/kg dry wt < 0.10 - - - -1&2-Chloronaphthalene
mg/kg dry wt < 0.10 - - - -Chrysene
mg/kg dry wt < 0.10 - - - -Dibenzo[a,h]anthracene
mg/kg dry wt < 0.10 - - - -Fluoranthene
mg/kg dry wt < 0.10 - - - -Fluorene
mg/kg dry wt < 0.10 - - - -Indeno(1,2,3-c,d)pyrene
mg/kg dry wt < 0.10 - - - -2-Methylnaphthalene
mg/kg dry wt < 0.10 - - - -Naphthalene
mg/kg dry wt < 0.10 - - - -Phenanthrene
mg/kg dry wt < 0.10 - - - -Pyrene

Phenols Trace in SVOC Soil Samples by GC-MS

mg/kg dry wt < 0.2 - - - -2-Chlorophenol
mg/kg dry wt < 0.2 - - - -2,4-Dichlorophenol
mg/kg dry wt < 0.4 - - - -2,4-Dimethylphenol
mg/kg dry wt < 0.2 - - - -2-Methylphenol (o-Cresol)
mg/kg dry wt < 0.4 - - - -2-Nitrophenol
mg/kg dry wt < 6 - - - -Pentachlorophenol (PCP)
mg/kg dry wt < 0.2 - - - -Phenol
mg/kg dry wt < 0.2 - - - -2,4,5-Trichlorophenol
mg/kg dry wt < 0.2 - - - -2,4,6-Trichlorophenol

Plasticisers Trace in SVOC Soil Samples by GC-MS

mg/kg dry wt < 0.5 - - - -Bis(2-ethylhexyl)phthalate
mg/kg dry wt < 0.2 - - - -Butylbenzylphthalate
mg/kg dry wt < 0.2 - - - -Di(2-ethylhexyl)adipate
mg/kg dry wt < 0.2 - - - -Diethylphthalate
mg/kg dry wt < 0.2 - - - -Dimethylphthalate
mg/kg dry wt < 0.2 - - - -Di-n-butylphthalate
mg/kg dry wt < 0.2 - - - -Di-n-octylphthalate

Other Halogenated compounds Trace in SVOC Soil Samples by GC-MS

mg/kg dry wt < 0.14 - - - -1,2-Dichlorobenzene
mg/kg dry wt < 0.14 - - - -1,3-Dichlorobenzene
mg/kg dry wt < 0.14 - - - -1,4-Dichlorobenzene
mg/kg dry wt < 0.14 - - - -Hexachlorobutadiene
mg/kg dry wt < 0.14 - - - -Hexachloroethane
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Sample Type: Soil
Sample Name:

Lab Number:

20170615_QU5_0
.3 15-Jun-2017

10:00 am

20170615_QU6_2
.0 15-Jun-2017

20170615_QU6_0
.2 15-Jun-2017

QU10_0.3
15-Jun-2017

11:45 am
1793996.8 1793996.12 1793996.13 1793996.16 1793996.18

20170615_QU6_3
.0 15-Jun-2017

Other Halogenated compounds Trace in SVOC Soil Samples by GC-MS

mg/kg dry wt < 0.10 - - - -1,2,4-Trichlorobenzene

Other SVOC Trace in SVOC Soil Samples by GC-MS

mg/kg dry wt < 1.0 - - - -Benzyl alcohol
mg/kg dry wt < 0.10 - - - -Carbazole
mg/kg dry wt < 0.10 - - - -Dibenzofuran
mg/kg dry wt < 0.10 - - - -Isophorone

Total Petroleum Hydrocarbons in Soil

mg/kg dry wt - < 8 < 8 < 8 < 8C7 - C9
mg/kg dry wt - < 20 < 20 103 < 20C10 - C14
mg/kg dry wt - < 40 73 22,000 330C15 - C36
mg/kg dry wt - < 70 73 22,000 330Total hydrocarbons (C7 - C36)
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1793996.1
20170614_QU1_0.3 14-Jun-2017 4:45 pm
Client Chromatogram for TPH by FID

1793996.2
20170614_QU1_1.0 14-Jun-2017 4:00 pm
Client Chromatogram for TPH by FID



1793996.4
20170615_QU2_0.5 15-Jun-2017 9:00 am
Client Chromatogram for TPH by FID

1793996.5
20170615_QU3_0.5 15-Jun-2017 9:20 am
Client Chromatogram for TPH by FID

1793996.7
QAQC2 15-Jun-2017
Client Chromatogram for TPH by FID
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1793996.13
20170615_QU6_3.0 15-Jun-2017
Client Chromatogram for TPH by FID

1793996.16
20170615_QU6_0.2 15-Jun-2017
Client Chromatogram for TPH by FID

1793996.18
QU10_0.3 15-Jun-2017 11:45 am
Client Chromatogram for TPH by FID
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Analyst's Comments
Please note that the result for 4-Chlorophenyl phenyl ether could not be reported for sample 1793996.8 due to a low spike
recovery.

Lab No: 1793996 v 3 Hill Laboratories Page 7 of 7

The following table(s) gives a brief description of the methods used to conduct the analyses for this job. The detection limits given below are those attainable in a relatively clean matrix.
Detection limits may be higher for individual samples should insufficient sample be available, or if the matrix requires that dilutions be performed during analysis.

S U M M A R Y   O F   M E T H O D S

Sample Type: Soil
Test Method Description Default Detection Limit Sample No

1-2, 4-5, 7,
12-13, 16,

18

TPH Oil Industry Profile + PAHscreen Sonication in DCM extraction, SPE cleanup, GC-FID & GC-MS
analysis. Tested on as received sample.
US EPA 8015B/MfE Petroleum Industry Guidelines
[KBIs:5786,2805,10734;2695]

0.010 - 60 mg/kg dry wt

4-5, 7-8Heavy Metals, Screen Level Dried sample, < 2mm fraction.  Nitric/Hydrochloric acid
digestion US EPA 200.2.  Complies with NES Regulations. ICP-
MS screen level, interference removal by Kinetic Energy
Discrimination if required.

0.10 - 4 mg/kg dry wt

8Semivolatile Organic Compounds Trace
in Soil by GC-MS

Sonication extraction, GPC cleanup, GC-MS FS analysis.
Tested on as received sample

0.10 - 6 mg/kg dry wt

1-2, 4-5,
7-8, 12-13,

16, 18

Dry Matter (Env) Dried at 103°C for 4-22hr (removes 3-5% more water than air
dry) , gravimetry. (Free water removed before analysis, non-soil
objects such as sticks, leaves, grass and stones also removed).
US EPA 3550.

0.10 g/100g as rcvd

4-5, 7Total Recoverable Thallium Dried sample, sieved as specified (if required).
Nitric/Hydrochloric acid digestion,  ICP-MS, screen level. US
EPA 200.2.

0.2 mg/kg dry wt

1-2, 4-5, 7,
12-13, 16,

18

1-Methylnaphthalene Sonication extraction, SPE cleanup, GC-MS SIM analysis.
Modified US EPA 8270.

0.010 mg/kg dry wt

1-2, 4-5, 7,
12-13, 16,

18

2-Methylnaphthalene Sonication extraction, SPE cleanup, GC-MS SIM analysis.
Modified US EPA 8270.

0.010 mg/kg dry wt

83 & 4-Methylphenol (m- + p-cresol) Sonication extraction, GPC cleanup, GC-MS FS analysis. US
EPA 3540, 3550, 3640 & 8270.

0.4 mg/kg dry wt

1-2, 4-5, 7,
12-13, 16,

18

Perylene* Sonication extraction, SPE cleanup, GC-MS SIM analysis.
Modified US EPA 8270.

0.010 mg/kg dry wt

These samples were collected by yourselves (or your agent) and analysed as received at the laboratory.

Samples are held at the laboratory after reporting for a length of time depending on the preservation used and the stability of
the analytes being tested.   Once the storage period is completed the samples are discarded unless otherwise advised by the
client.

This report must not be reproduced, except in full, without the written consent of the signatory.

Graham Corban MSc Tech (Hons)
Client Services Manager - Environmental







Job Information Summary Page 1 of 1

Client:

Contact: Cara Di Vitto

C/- Golder Associates (NZ) Limited

PO Box 2281

Christchurch Mail Centre

Christchurch 8140

Golder Associates (NZ) Limited Lab No:

Date Registered:

Priority:

Quote No:

Order No:

Client Reference:

Submitted By:

1793996

20-Jun-2017 2:20 pm

High

85739

HOLCIM_Quarry

Jack Grinsted

Charge To: Golder Associates (NZ) Limited

R J Hill Laboratories Limited

1 Clyde Street Hamilton 3216

Private Bag 3205 

Hamilton 3240 New Zealand

0508 HILL LAB (44 555 22)

+64 7 858 2000

mail@hill-labs.co.nz

www.hill-laboratories.com

T
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Add. Client Ref:

Target Date: 21-Jun-2017 4:30 pm

No Sample Name Sample Type Containers Tests Requested

Samples

1 20170614_QU1_0.3 14-Jun-2017

4:45 pm

Soil GSoil300 Hold Cold

2 20170614_QU1_1.0 14-Jun-2017

4:00 pm

Soil GSoil300 Hold Cold

3 20170614_QU1_3.5 14-Jun-2017

4:30 pm

Soil GSoil300 Hold Cold

4 20170615_QU2_0.5 15-Jun-2017

9:00 am

Soil PSoil250 Hold Cold

5 20170615_QU3_0.5 15-Jun-2017

9:20 am

Soil PSoil250 Hold Cold

6 20170615_QU4_0.2 15-Jun-2017

9:50 am

Soil PSoil250 Hold Cold

7 QAQC2 15-Jun-2017 Soil PSoil250 Hold Cold

8 20170615_QU5_0.3 15-Jun-2017

10:00 am

Soil PSoil250 Hold Cold

9 20170615_QU7_0.4 15-Jun-2017 Soil GSoil300, GSoil300 Hold Cold

10 20170615_QU6_0.5 15-Jun-2017 Soil GSoil300 Hold Cold

11 20170615_QU6_1.0 15-Jun-2017 Soil GSoil300 Hold Cold

12 20170615_QU6_2.0 15-Jun-2017 Soil GSoil300 Hold Cold

13 20170615_QU6_3.0 15-Jun-2017 Soil GSoil300,

GSoil300, GSoil300

Hold Cold

14 20170615_QU6_3.5 15-Jun-2017 Soil GSoil300, GSoil300 Hold Cold

15 QAQC4 15-Jun-2017 Soil GSoil300 Hold Cold

16 20170615_QU6_0.2 15-Jun-2017 Soil GSoil300

17 QU9_0.5 15-Jun-2017 12:00 pm Soil GSoil300

18 QU10_0.3 15-Jun-2017 11:45 am Soil GSoil300

Lab No: 1793996 Hill Laboratories Page 1 of 1



January 2018 1779210-7403-002-R-Rev0_PSI 

APPENDIX J 

Quality Assurance 



Table J1 - Quarry PSI
 Results

Holcim Cement Works, Westport
1779210

\\Chc1-s-file02\chc_files\Projects-Dynamics\2017\7405\1779210 - Holcim CementWorks Westport\Deliverables\002 - Quarry PSI\Appendix J - Quality Asssurance - Quality Control\Quarry PSI - 
QAQC.xlsx

Page 1 of 2 12/12/2017

Sample ID QU2_0.5 QAQC2
Laboratory Code 1793996.4 1793996.7

Area Quarry Landfill Quarry Landfill
<50

LOR Unit
% Moisture 1 % 27 23 16
Total Recoverable Thallium mg/kg 3.1 3.1 0
Total Recoverable Arsenic mg/kg 10 8 22
Total Recoverable Cadmium mg/kg 0.43 0.49 13
Total Recoverable Chromium mg/kg 36 31 15
Total Recoverable Copper mg/kg 6 7 15
Total Recoverable Lead mg/kg 13.6 14.2 4.3
Total Recoverable Nickel mg/kg 7 8 13
Total Recoverable Zinc mg/kg 72 77 6.7
1-Methylnaphthalene mg/kg 0.62 0.88 35
2-Methylnaphthalene mg/kg 0.66 0.97 38
Perylene mg/kg 0.049 0.062 23
Acenaphthylene mg/kg <0.014 <0.013 7.4
Acenaphthene mg/kg <0.014 <0.013 7.4
Anthracene mg/kg 0.046 0.138 100
Benzo[a]anthracene mg/kg 0.035 0.049 33
Benzo[a]pyrene (BAP) mg/kg 0.014 0.018 25
Benzo[b]fluoranthene + Benzo[j]fluoranthene mg/kg <0.014 0.02 96
Benzo[e]pyrene mg/kg 0.023 0.043 61
Benzo[g,h,i]perylene mg/kg 0.27 0.85 104
Benzo[k]fluoranthene mg/kg <0.014 <0.013 7.4
Chrysene mg/kg 0.041 0.06 38
Dibenzo[a,h]anthracene mg/kg <0.014 <0.013 7.4
Fluoranthene mg/kg 0.046 0.052 12
Fluorene mg/kg 0.032 0.042 27
Indeno(1,2,3-c,d)pyrene mg/kg <0.014 0.034 132
Naphthalene mg/kg 0.37 0.49 28
Phenanthrene mg/kg 0.45 0.59 27
BAP equivelant (NES Calculation) mg/kg 0.02747 0.03657 28
Pyrene mg/kg 0.094 0.158 51
C7 - C9 mg/kg 37 86 80
C10 - C14 mg/kg <20 20 67
C15 - C36 mg/kg 167 400 82
Total hydrocarbons (C7 - C36) mg/kg 200 500 86To
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Sample ID QU2_0.5 QAQC2
Laboratory Code 1793996.4 1793996.7

Area Waste Stockpile Waste Stockpile
QA/QC Acceptance Criteria <50

LOR Unit
% Moisture 1 % 27 23 16
Total Recoverable Thallium mg/kg 3.1 3.1 0
Total Recoverable Arsenic mg/kg 10 8 22.22222
Total Recoverable Cadmium mg/kg 0.43 0.49 13.04348
Total Recoverable Chromium mg/kg 36 31 14.92537
Total Recoverable Copper mg/kg 6 7 15.38462
Total Recoverable Lead mg/kg 13.6 14.2 4.316547
Total Recoverable Nickel mg/kg 7 8 13.33333
Total Recoverable Zinc mg/kg 72 77 6.711409
1-Methylnaphthalene mg/kg 0.62 0.88 34.66667
2-Methylnaphthalene mg/kg 0.66 0.97 38.03681
Perylene mg/kg 0.049 0.062 23.42342
Acenaphthylene mg/kg 0.007 0.0065 7.407407
Acenaphthene mg/kg 0.007 0.0065 7.407407
Anthracene mg/kg 0.046 0.138 100
Benzo[a]anthracene mg/kg 0.035 0.049 33.33333
Benzo[a]pyrene (BAP) mg/kg 0.014 0.018 25
Benzo[b]fluoranthene + Benzo[j]fluormg/kg 0.007 0.02 96.2963
Benzo[e]pyrene mg/kg 0.023 0.043 60.60606
Benzo[g,h,i]perylene mg/kg 0.27 0.85 103.5714
Benzo[k]fluoranthene mg/kg 0.007 0.0065 7.407407
Chrysene mg/kg 0.041 0.06 37.62376
Dibenzo[a,h]anthracene mg/kg 0.007 0.0065 7.407407
Fluoranthene mg/kg 0.046 0.052 12.2449
Fluorene mg/kg 0.032 0.042 27.02703
Indeno(1,2,3-c,d)pyrene mg/kg 0.007 0.034 131.7073
Naphthalene mg/kg 0.37 0.49 27.90698
Phenanthrene mg/kg 0.45 0.59 26.92308
BAP equivelant (NES Calculation) mg/kg 0.02747 0.03657 28.41974
Pyrene mg/kg 0.094 0.158 50.79365
C7 - C9 mg/kg 37 86 79.6748
C10 - C14 mg/kg 10 20 66.66667
C15 - C36 mg/kg 167 400 82.18695
Total hydrocarbons (C7 - C36) mg/kg 200 500 85.71429
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APPENDIX J 
Quality Assurance and Quality Control 

September 2017
Project No.  1779210-002-R-Rev0 1/1 

1.0 LIMITED SOIL SAMPLING DATA QUALITY ASSURANCE 

1.1 Overview 

A quality control program was implemented as part of the Tauranga Bay Quarry (the Quarry) limited soil 

sampling.  The quality control program comprised the collection and analysis of a field duplicate samples and 
a review of the laboratory internal quality assurance and quality control (QA/QC) results.  

The quality control program results are summarised below. 

1.2 Results of Soil Sampling QA/QC 

Sixteen primary soil samples and two duplicate samples were collected during the sampling assessment.  Of 

the samples collected, nine primary samples and one of the duplicate samples were analysed.  This satisfies 

the minimum target replicate collection rate of one in 10.  The duplicate sample was tested for the same 
analytes as the respective primary sample.   

Results of duplicate analysis are presented in Table J1 (included in this Appendix).  The relative percentage 

differences (RPD) between the laboratory-reported concentrations for the primary sample and the field 

duplicate sample were calculated (Table J1).  RPD values for heavy metals and BAP equivalent results were 
found to be below the accepted maximum value (50 %).   

RPD values for the analytes anthracene, benzo[e]pyrene, benzo[g,h,i]perylene, indeno(1,2,3-c,d)pyrene, and 
total petroleum hydrocarbons C7-C36 were found be above accepted maximum value.  

The reason for these RPD exceedance is thought to be due to the heterogeneous nature of the waste 

stockpile where the sample was obtained.  While Golder did its best to maintain consistency between the 

collection of primary and duplicate samples, it is difficult to ensure analogously impacted material is shared 

evenly between primary and duplicate samples.  However, RPDs for most analytes were below 50 % and 

where a duplicate result reported higher concentrations of an analysis compared to the primary sample, this 

result was considered in the overall contamination assessment.  As such, Golder considers that the 
repeatability of the data is of acceptable quality. 

Overall, the quality of the data is considered to be acceptable for the purposes of this assessment. 
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Report Limitations 
This Report/Document has been provided by Golder Associates (NZ) Limited (“Golder”) subject to the following 
limitations: 

i) This Report/Document has been prepared for the particular purpose outlined in Golder’s proposal and 
no responsibility is accepted for the use of this Report/Document, in whole or in part, in other contexts 
or for any other purpose.  

ii) The scope and the period of Golder’s Services are as described in Golder’s proposal, and are subject 
to restrictions and limitations.  Golder did not perform a complete assessment of all possible 
conditions or circumstances that may exist at the site referenced in the Report/Document.  If a service 
is not expressly indicated, do not assume it has been provided.  If a matter is not addressed, do not 
assume that any determination has been made by Golder in regards to it. 

iii) Conditions may exist which were undetectable given the limited nature of the enquiry Golder was 
retained to undertake with respect to the site.  Variations in conditions may occur between 
investigatory locations, and there may be special conditions pertaining to the site which have not been 
revealed by the investigation and which have not therefore been taken into account in the 
Report/Document. Accordingly, if information in addition to that contained in this report is sought, 
additional studies and actions may be required.   

iv) The passage of time affects the information and assessment provided in this Report/Document.  
Golder’s opinions are based upon information that existed at the time of the production of the 
Report/Document.  The Services provided allowed Golder to form no more than an opinion of the 
actual conditions of the site at the time the site was visited and cannot be used to assess the effect of 
any subsequent changes in the quality of the site, or its surroundings, or any laws or regulations.   

v) Any assessments, designs and advice made in this Report/Document are based on the conditions 
indicated from published sources and the investigation described. No warranty is included, either 
express or implied, that the actual conditions will conform exactly to the assessments contained in this 
Report/Document. 

vi) Where data supplied by the client or other external sources, including previous site investigation data, 
have been used, it has been assumed that the information is correct unless otherwise stated. No 
responsibility is accepted by Golder for incomplete or inaccurate data supplied by others. 

vii) The Client acknowledges that Golder may have retained subconsultants affiliated with Golder to 
provide Services for the benefit of Golder.  Golder will be fully responsible to the Client for the 
Services and work done by all of its subconsultants and subcontractors.  The Client agrees that it will 
only assert claims against and seek to recover losses, damages or other liabilities from Golder and 
not Golder’s affiliated companies.  To the maximum extent allowed by law, the Client acknowledges 
and agrees it will not have any legal recourse, and waives any expense, loss, claim, demand, or 
cause of action, against Golder’s affiliated companies, and their employees, officers and directors. 

viii) This Report/Document is provided for sole use by the Client and is confidential to it.  No responsibility 
whatsoever for the contents of this Report/Document will be accepted to any person other than the 
Client.  Any use which a third party makes of this Report/Document, or any reliance on or decisions to 
be made based on it, is the responsibility of such third parties.  Golder accepts no responsibility for 
damages, if any, suffered by any third party as a result of decisions made or actions based on this 
Report/Document. 
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