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ABSTRACT 
 
Newmarket Park is a recreational area located in Parnell, Auckland, New Zealand.  The area has seen 
varied land use and from the 1920s onwards was used as an uncontrolled landfill.  Organised filling 
stopped in the late 1940s and, following a major slope failure, the site was then redeveloped to its 
current use as a landscaped park.  However there was continuing instability of the Park’s southern 
slope which was strewn with debris and had discoloured groundwater seepages at its toe.   A series of 
geo-environmental assessments, reviews and investigations was carried out to identify the preferred 
options for the future development and long term stability of the Park.  The selected remedial option 
comprised partial removal and re-grading of the landfilled materials underlying much of the Park’s 
25 m high southern slope.  So far as practical excavated material was reused on-site, with formation of 
a low-permeability cap over the landfilled materials and extensive targeted drainage works.  Extensive 
consultation was carried out with potentially affected parties, together with implementation of 
comprehensive on-site and off-site ecological mitigation works.  The remediated slope is now being 
replanted with a high quality native forest of carefully selected species.  The remediation works design 
and construction process has not only mitigated the potential adverse effects from the historic 
landfilling, but has also significantly enhanced the Park’s recreational va lue. 
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1 INTRODUCTION 
 

Newmarket Park is an Auckland Council recreational park located in Parnell, Auckland, New Zealand 
and is an essentially level area, approximately 350 m long by 150 m wide, formed by cut and fill into 
the side of a slope rising from the northern bank of the Newmarket Stream (Te Ruareoreo Stream).  
That process has resulted in cut slopes on the park’s northern boundary and a fill slope up to 25 m 
high along the southern boundary and descending to the stream, see general site layout in Figure 1.   
 
Like many parks in the Auckland area, Newmarket Park is founded at least in part over a closed 
landfill.  In the 19

th
 Century the area was subdivided for agricultural use but by the mid-1920s the area 

was being used as an uncontrolled landfill site with both general refuse and industrial waste being 
dumped within a major side valley and other gullies, and along and down the slope above the 
Newmarket Stream.  Filling stopped in the late 1940s with the area then being levelled and used for 
various recreational purposes including construction of a stadium in 1962 over the central and western 
portions of the site.  However, after a major landslide in 1979 on the southern boundary slope 
destroyed a substantial part of the stadium, the Park was converted into a purely passive recreational 
area.  Further similar landslides occurred in subsequent years, including a significant failure in 1996 
towards the eastern end of the Park.  By the early 2000s the upper Park area was a mixture of open 
grassland and  bushes/trees, with the slope below the Park’s southern boundary (Southern Slope) 
covered with mature trees.  However the Southern Slope showed considerable evidence of instability 
and of contamination from the earlier landfilling.  There were a large number of shallow slumps, 
leaning trees, and accumulated debris with discoloured groundwater seepages evident at the base of 
the slope. 
 
In 1993, Tonkin & Taylor Ltd (T&T) was commissioned by Auckland City Council (now Auckland 
Council) to carry out an assessment of known closed landfills within the Council boundaries, including 
Newmarket Park.  The studies led to Auckland City Council initiating their ‘Closed Landfills Asset 
Management Plan’ (CLAMP) in 1998, which had the key objective of categorising, and prioritising 
closed landfill sites for remedial and management actions based on the level of risk each site posed to 
human health and the environment.  Newmarket Park was identified as one of ten Priority 1 (highest 
risk) sites, primarily in view of the instability of the Park’s Southern Slope and the potential for 
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contaminants to enter the environment.  In addition contaminated debris on the Park’s Southern Slope 
posed environmental and also health and safety risks to Park users.  
 

 
 

Figure 1 : Newmarket Park location and layout 
 
2 STUDIES AND ASSESSMENTS 
 
In 2001, Council commissioned T&T to carry out a series of geotechnical and environment 
assessments of Newmarket Park with the aim of identifying possible remedial options for the Southern 
Slope.  In 2006, Council elected to remediate the Southern Slope with the primary objective being to 
implement measures which would reduce risks to public health to acceptable levels.  Secondary 
objectives included reducing the risk of future slope failure and adverse environmental impacts, and 
improving the visual appearance and usability of the Park area.  To enable selection, design and 
construction of appropriate remedial options T&T carried out further studies including geotechnical 
investigations, engineering geology mapping, groundwater monitoring, arboricultural and ecological 
surveys, sampling and contamination testing of soil and groundwater, and monitoring for landfill gas. 
 
3 GEOTECHNICAL AND ENVIRONMENTAL SETTING 
 
3.1 Ground and Groundwater Model 
 
In a similar manner to much of the Auckland region, the site is underlain by Tertiary sediments of the 
East Coast Bays Formation (ECBF).  Below Newmarket Park these typically comprise stiff to very stiff 
grey sandy Silt and dense to very dense silty Sand, grading relatively rapidly into competent Siltstone 
and Sandstone.  Pre-landfilling, the ECBF ‘bedrock’ was overlain in the base of the major side valley 
and along the Newmarket Stream alignment by up to 3 m of alluvial deposits, typically soft to stiff, 
brown, grey and yellow silty organic Clay and clayey Silt, see typical inferred cross-section Figure 2.  
 
Landfilling was in two distinct phases with relatively ‘clean’ Fill, designated Type A, initially placed 
along the northern side of the main stream valley and along the major side valley.  The Type A Fill 
typically comprises reworked Waitemata Group sediments with varying but generally minor 
proportions of gravel, construction/demolition debris and occasional organic material.  At a later date 
more contaminated Fill, designated Type B, was placed within the partially filled major side valley and 
also tipped down the face of the Southern Slope.  The Type B Fill materials are broadly similar to 



 

 

Type A materials but with significantly increased proportions of organic material together with 
inorganic refuse such as concrete, metal and glass.  Plastic is noticeably absent, a reflection of the 
landfill's age.  All Fill appears to have been placed in an uncontrolled manner and the end result has 
been an oversteep slope of non-engineered, often contaminated, fill along the southern boundary 
(outer face) of the landfill, and which is prone to slope instability.  The immediate surface of that 
Southern Slope is covered with scattered debris eroded or exposed from the Type B fill. 
 

 
Figure 2 : Typical cross-section inferred through Newmarket Park’s Southern Slope 

 
Groundwater levels have been monitored below the Park since 2001 and have been consistent over 
time, with only limited seasonal variation.  The regional groundwater table below the Park is 
approximately horizontal across the northern part of the site, then falls below the Southern Slope to 
intersect the Newmarket Stream.  Potential groundwater recharge is primarily from the catchment area 
to the north of the site, with flow paths concentred along the pre-construction topography.  In addition 
there are a number of ‘perched’ groundwater tables associated with the Fill materials. 
 
3.2 Slope Stability 
 
The Southern Slope showed extensive evidence of past and current instability along its full height and 
length, with most appearing to be non-circular and/or translational relatively shallow failures within the 
slope face.  Exceptions include the 1979 slope failure at the western end of the slope.  Stability 
analyses confirmed the overall stability of the Southern Slope to be marginal, particularly in the central 
section where the potential for larger scale, full height slope failures was identified.  The analyses also 
identified the potential for shallow slope failures within the slope front face. Back-analyses indicated 
effective cohesion of 0 to 2 kPa and effective friction angles of 27° to 28° to be appropriate for the 
Type B fill.  Elevated groundwater levels were identified as a key trigger for both shallow and deeper 
seated instability.  Unless remedial works were implemented, slope failures were expected to continue 
until ultimately the Southern Slope regressed to a long-term profile. Such a profile was unlikely to be 
steeper than 1V:2.5H and hence could encroach significantly into the useable recreational Park area. 
 
3.3 Ground and Groundwater Contamination 
 
Ground contamination investigations identified the principal contamination to be within the Type B 
materials, with the Type A fill assessed as not presenting a significant risk to human health, except at 
locations where it has been cross-contaminated with materials from Type B.  The investigations also 
noted occasional fragments of asbestos containing materials scattered across the Southern Slope.  
Testing of groundwater/leachate samples from boreholes, and from a seepage at the toe of the 
Southern Slope, indicated that contamination levels for metals were generally below ANZECC (2000) 
80% freshwater guidelines, with the exception of copper and zinc.  Leachability analysis gave leachate 
concentrations that exceeded such guidelines for cadmium, copper, lead, nickel and zinc. 
 
3.4 Arboricultural, Ecological and Archaeological Issues 

 
The Southern Slope comprised 1.9 ha of mostly native trees and ecological surveys found the 
principal ecological values of the Southern Slope included an abundant and diverse presence of native 
birds using the trees, and the presence of protected native copper skinks and ornate skinks.  A study 
of the present Newmarket Park found no surviving evidence of any archaeological sites, but noted that 
some evidence may still survive, buried on the slopes above the northern side of the stream.   



 

 

 
4 REMEDIAL OPTION SELECTION 
 
4.1 General 
 

In considering possible remedial options for the Southern Slope, key issues were identified as : 
appropriateness of proposed technical solutions; environmental outcomes; stakeholder concerns and 
opinions; cost-benefit and economic aspects; health and safety; and constructability.  Remedial 
options to address those issues were split into the following general categories : 
 
a) Maintaining the status quo: This approach essentially involves carrying out no, or minimal, 

remedial works and by default thereby accept that ongoing failures of the slope, with any 
consequent issues, will occur.   Potential options were identified as : 

 
 i) Option A : Do-Nothing : No remedial works, apart from routine Park maintenance 

ii) Option B : Do Minimum : Essentially a less radical version of the Do-Nothing option  
 
b) Control of groundwater and surface water: The principal benefit is to reduce the likelihood of 

shallow slumping on the slope face.  Potential options were identified as : 
 
 i) Option C : Surface Water Control : Cost-effective method of improving the efficiency                          

of other remedial options 
ii) Option D1 : Groundwater Control : Interceptor Trench : Along northern boundary 
iii) Option D2 : Groundwater Control : Horizontal Drains : Into face of Southern Slope 

 
c) Slope Reprofiling or Retention: Re-profiling works range from regrading the front face to 

removing all Fill.  Retention structures could include walls or ground improvement works. 
 
 i) Option E : Slope Reprofiling : Of the Southern Slope only 
 ii) Option F : Retention Structures : At slope toe and/or at intervals up the slope face 
 iii) Option G : Excavation and Removal of all historic Fill materials : Returns site to 

pre-filling contours  
 
Table 1 : Weighted Remedial Option Risk-Assessment Matrix 

 

Constraint or Issue Weight 
Remedial Option 

A B C D E F G 

Environmental: During Construction 5 5 10 15 15 20 20 20 

Environmental: Post-Construction 5 5 10 15 15 25 20 25 

Visual/Usability: During Construction 3 12 15 9 9 9 9 6 

Visual/Usability: Post-Construction 3 12 15 9 9 15 12 15 

Consents 1 5 5 4 3 3 2 1 

Stability: During Construction 3 3 6 6 9 12 9 12 

Stability: Post-Construction 3 3 6 6 9 15 12 15 

Damage: During Construction 3 3 6 6 12 12 12 12 

Damage: Post-Construction 3 3 6 6 9 15 15 15 

Programming 1 5 5 4 3 3 2 1 

Human health/safety: During Construction 10 10 20 30 30 40 40 30 

Human health/safety: Post Construction 10 10 20 30 40 50 50 50 

Total Weighted Rating 76 124 149 163 219 203 202 

Weighted Ranking 1 2 3 4 7 6 5 



 

 

To assist in selection of the preferred remedial option(s), a risk-assessment process was developed, 
as in Table 1.  The primary constraints and issues were identified and rated from 1 to 5, where 1 
corresponds to the worst or most undesirable outcome for any constraint or issue.  Each constraint 
was assigned a ‘weighting’, based on a subjective assessment of its relative importance to Council.  
An assessment was also carried out of the indicative construction cost and weighted Risk-Assessment 
rankings for each remedial option, as in Table 2 : 
 
Table 2 : Indicative Construction Cost and weighted Risk-Assessment rankings 
 

Remedial Option A B C D E F G 

Indicative Construction Cost 7 (Lowest) 6 5 4 3 2 1 (Highest) 

Weighted Ranking from Table 1 1 (Worst) 2 3 4 7 (Best) 6 5 

 
The assessment indicated that the highest ranked, most favoured, remedial option is Option E: Slope 
Re-profiling, with conversely the lowest ranked, least favoured, remedial option being the existing 
Option A: Do-Nothing.  The assessment also confirmed the subjective judgement that residual risk 
was inversely proportional to the cost of fixing the original risk. Based on the geoenvironmental 
studies, and the guidance given by the risk-assessment, Council elected to adopt Option E : Slope Re-
profiling as the primary remedial option augmented by Option C : Surface Water Control. 
 
5 DESIGN OF SELECTED REMEDIAL OPTIONS 
 
The remedial works design comprised the initial removal of all existing vegetation on the Southern 
Slope, followed by excavation of surface refuse/debris and failed materials to a design cut profile.  
Targeted sub-soil drainage was then placed over the lower portion of the cut slope to collect 
groundwater seepages, and connected to existing sewers for disposal.  Finally engineered fill was 
placed to form an acceptable profile for long-term stability, and comprised a minimum 1.5 m thick 
Type B fill Subgrade Layer, overlain by a minimum 0.5 m thick Type A fill Barrier Layer, the latter to 
ensure potentially contaminated fill is covered by an adequate thickness of low permeability material 
and also to provide a growth medium for the landscaping works.  A temporary anchored timber pole 
retaining wall was installed to protect the existing Park access road and adjacent services during 
construction, with a permanent in-ground timber pole wall constructed along the eastern site 
boundary, to address potential instability of Ayr Street.  To minimise future surface water infiltration 
existing stormwater systems were cleared and upgraded, including connection via a thrust-bored pipe 
to a sump at the toe of the Southern Slope.  Finally, the reprofiled slope was landscaped and re-
vegetated, including construction of footpaths linking the upper Park area with a lower access track. 

 

The design of the slope remediation works was dictated by the trade-off between regrading the slope 
to a long-term stable profile, removing a reasonable proportion of the failed and/or potentially 
contaminated materials and minimising the encroachment into the Park area.  The approach used was 
to adopt a target final slope profile of 1V : 2.5H which generally gave final slope stability Factors of 
Safety (FoS) of greater than 1.5.  However locally, where the encroachment extent would be 
unacceptable, that profile was steepened but with the proviso that final FoS were always greater than 
1.3 and also significantly greater than the assessed FoS for the existing slope.  The slope remediation 
works were designed to mitigate the effects of the extensive tree clearance, with a fringe of trees left 
along the Park’s Ayr Street boundary and with strict arboriculture criteria for protecting remaining trees 
and vegetation.  Mitigation of ecological effects was achieved with a detailed landscaping plan which 
included replanting of native forest trees on the reprofiled Southern Slope to recreate the original 
historic vegetation cover.  Measures also included relocation of endangered native skinks and 
adjusting the works programme to better suit native bird nesting periods.  As an integral part of the 

process, extensive consultation was held with a wide range of potentially affected parties.   

 
6 CONSTRUCTION 
 
The works were carried out as separate civil and landscaping contracts over two full earthworking 
seasons, ie October to May, and are now largely complete.  Ground conditions below the site were 
generally as anticipated although, as might be expected, the distribution and nature of the Fill 
materials varied considerably.  Excavations encountered significant thickness of fill within the major 



 

 

side valley, and directly overlying in-situ weathered Waitemata Group siltstones and sandstones.  
Figure 3 shows the cut profile prior to Barrier Layer placement with brown landfill materials clearly 
seen draped over the yellow-grey in-situ Waitemata Group sediments, while Figure 4 shows typical 
Type B Fill.  In view of the Fill’s variability, rigorous Quality Control processes, including compaction 
trials, were developed to allow maximum safe reuse of excavated existing materials.   
 

             
 
Figure 3 : Type B Fill over in-situ materials   Figure 4 : Typical Type B Fill 
 

            
 
    Figure 5 : Works in progress looking west       Figure 6 : Completed slope with kauri seedlings 
 
The landscaping works over the remediated Southern Slope are now complete with over 10,000 high 
quality native trees having been planted (see Figure 6) and which will ultimately form an “urban forest”.  
 
7 CONCLUSION  
 
A potentially hazardous, under-utilised Park has been transformed with a native forest covered slope 
which can be readily and safely accessed by the public, and which will enhance the existing Park 
recreational area.  That has been achieved by reducing risks to public health to acceptable levels and 
by improving the visual appearance and usability of the Park area, thereby meeting the Council's 
primary and secondary project objectives.  The investigation, assessment and mitigation approaches 
adopted have resulted in a cost-effective remedial solution with long-term environmental gain.  
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